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EXECUTIVE SUMMARY 

This report presents the results of the remedial investigation (RI) activities conducted at the Iron 
King Mine – Humboldt Smelter Superfund Site in Dewey-Humboldt, Arizona (see Figure ES-1).  
The U.S. Environmental Protection Agency (EPA) authorized EA Engineering, Science, and 
Technology, Inc. (EA) to conduct RI activities under Remedial Action Contract Number EP-W-
06-004 and Task Order 0034-RICO-09MX.   

1. INTRODUCTION 

The investigation was conducted in accordance with “Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA” (Comprehensive Environmental 
Response, Compensation, and Liability Act).     

1.1 PURPOSE 

The purpose of the RI Report was to:  (1) summarize Site information and data; (2) identify 
potential source areas; (3) define the nature and extent of contamination; (4) evaluate 
contaminant migration pathways; and (5) present a summary of human health and ecological 
risks.  These elements also form the conceptual site model (CSM), which is discussed throughout 
the RI Report.  This RI Report will be used as a foundation for the remedial alternative 
evaluation in the Feasibility Study (FS) and will support remedy selection in the Record of 
Decision (ROD).  

1.2 SITE BACKGROUND 

The Site is a combination of sources and releases from two separate facilities:  the Iron King 
Mine property and the Humboldt Smelter property.  A portion of the Town of Dewey-Humboldt 
is situated between the mine and the smelter.  Three waterways (Chaparral Gulch, Galena Gulch, 
and Agua Fria River) also transect the Site. 

During the course of the investigation, EPA identified five Areas of Interest (AOI) (see Figure 
ES-2): 
 

• Iron King Mine – Includes the Iron King Mine Proper Area, Iron King Mine Operations 
Area, Former Fertilizer Plant Area, Salvage Yard, and ancillary associated properties. 

• Humboldt Smelter – Includes several abandoned buildings, a smelter stack, a tailings 
pile, a smelter ash pile, and a slag pile. 

• Waterways – Includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls. 

• Off-site Soil – Includes residential, background, and ancillary properties 

• Ground Water – Includes shallow alluvium and deep bedrock ground water. 



  EA Project No. 14342.34 
  Revision:  01 
  Executive Summary, Page ii of xviii 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine–Humboldt Smelter Superfund Site  Remedial Investigation Report  
 

These five Areas of Interest were combined for the purpose of conducting the RI/FS because:  
(1) off-site migration of particulates from the Iron King Mine and Humboldt Smelter may have 
overlapping air-depositional areas; (2) mine tailings from the Iron King Mine have migrated onto 
the Humboldt Smelter property via the Chaparral Gulch; (3) the Agua Fria River and its 
contributing waterways (e.g., Chaparral Gulch and Galena Gulch) have impacts from both the 
Iron King Mine and Humboldt Smelter; and (4) ground water has been impacted from both the 
Iron King Mine and Humboldt Smelter.   

Although the RI Report utilizes “off-site” in descriptions of areas, the Site is being evaluated 
holistically.  The phrase “off-site” indicates areas that are located outside of the Iron King Mine 
or Humboldt Smelter Areas of Interest, but are still considered to be part of the Site.  The Site 
includes all areas where contamination has migrated.   

1.2.1 Iron King Mine 

The Iron King Mine Area of Interest, located west of Highway 69, occupies approximately 153 
acres.  The Iron King Mine property is bordered by Chaparral Gulch to the north, Galena Gulch 
to the south, Highway 69 to the east, and undeveloped land to the west (see Figure ES-2).  The 
Iron King Mine was a periodically active gold, silver, copper, lead, and zinc mine from 1906 
until 1969. 

1.2.2 Humboldt Smelter 

The Humboldt Smelter Area of Interest, located at the east end of Main Street, occupies 
approximately 189 acres.  The smelter is situated less than 1-mile east of the Iron King Mine.  
The Humboldt Smelter is bordered by the Town of Dewey-Humboldt to the west and north, the 
Agua Fria River to the east, and the Chaparral Gulch to the south (see Figure ES-2).  

1.2.3 Waterways 

The Waterways Areas of Interest includes the Chaparral Gulch, Galena Gulch, Agua Fria River, 
and adjoining drainage channels and outfalls.  The Chaparral and Galena Gulches are ephemeral 
streams that only flow during infrequent episodic high rain events.  A tailings dam located on the 
smelter property within the Chaparral Gulch has retained tailings from both the Iron King Mine 
and Humboldt Smelter properties.  The Chaparral Gulch flows into the Agua Fria River 
approximately ¼ mile downstream of the Chaparral Gulch dam.  The Galena Gulch flows from 
west to east along the southern boundary of Iron King Mine before it crosses under Highway 69; 
eventually, the Chaparral Gulch meets with the Agua Fria River south of the Site (see Figure  
ES-2).   

1.2.4 Off-site Soil 

The Off-site Soil Area of Interest includes residential, background, and ancillary properties in the 
vicinity of the Iron King Mine and Humboldt Smelter (see Figures ES-3 and ES-4).  Residential 
properties and the Town of Dewey-Humboldt are located immediately adjacent to and between 
the mine and smelter.  Background areas were mainly located to the south and west of the Iron 
King Mine and Humboldt Smelter.  Additional areas that may be associated with former mining 
operations were located to the south of Iron King Mine.   
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1.2.5 Ground Water 

Ground water is found in the shallow alluvial and deeper bedrock aquifers in the vicinity of the 
Site.  Both shallow alluvial and deeper bedrock private and municipal wells are used for drinking 
water and other domestic uses in the vicinity of the Iron King Mine and Humboldt Smelter.  

1.3 PREVIOUS INVESTIGATIONS 

Site characterization activities at the Site date back to the late 1990s.  Previous investigations by 
the Arizona Department of Environmental Quality (ADEQ) and EPA are as follows: 

• Phase 1 Environmental Site Assessment for the Ironite Products Facility 
• Phase 1 ESA for the Iron King Smelter/Mill Site 
• Preliminary Assessment/Site Inspection (PA/SI) of the Iron King Mine 
• Phase 2 Sampling Report for the Iron King Smelter/Mill Site 
• PA/SI of the Humboldt Smelter 
• Soil Removal Assessment 
• Residential Soil Cleanup of Four Properties 
• Expanded Site Inspection of the Iron King Mine/Humboldt Smelter. 

 
1.4 REPORT ORGANIZATION 

This RI Report is organized to provide a foundation for the remedial alternative evaluation in the 
FS and support remedy selection in the ROD.  The RI Report includes: 

• A summary of the RI activities conducted by EPA 
• Descriptions of the physical characteristics (e.g., geology, hydrogeology, etc.) of the Site   
• An evaluation of the analytical data from previous and recent investigations 
• Descriptions of source areas, the nature and extent of contamination, and contaminant 

migration pathways  
• The Human Health Risk Assessment (HHRA) 
• The Screening Level Ecological Risk Assessment (SLERA) and Baseline Risk 

Assessment Problem Formulation (BRAPF) 
• Conclusions and Recommendations 
• Descriptions of the Community Involvement activities conducted during the RI 

2. EPA REMEDIAL INVESTIGATION ACTIVITIES 

This section presents a summary of the data collection activities conducted for the EPA RI 
investigation.  Activities can be grouped into three stages (i.e., project planning, data acquisition, 
and data evaluation), which work interchangeably to ensure that project objectives are satisfied. 

2.1 PROJECT PLANNING 

The following independent site-specific plans were prepared to present the overall approach for 
implementing the RI field program: 
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• Health and Safety Plan specifies employee training, protective equipment, personal air 
monitoring procedures, medical surveillance requirements, standard operating 
procedures, and contingency planning procedures. 
 

• Site Management Plan addresses site access, security, contingency procedures, 
management responsibilities, data management, and waste disposal. 
 

• Sampling and Analysis Plan details the field sampling schedule, sample collection 
procedures, and analytical methods required to collect sufficient data to perform a RI/FS.   

 
2.2 DATA AQUISITION 

Data acquisition was conducted during two field investigation phases.  Initial site 
characterization activities were conducted from August through October 2008.  After the data 
were evaluated, EPA formed a preliminary Conceptual Site Model.  Subsequently, EPA 
determined that data gaps existed that required additional characterization (i.e., data collection).  
This additional characterization was conducted as part of the data gaps sampling from December 
2008 through September 2009.  Although data acquisition was conducted during two phases, this 
distinction was not carried forth in the presentation of data and results in order to provide a 
holistic representation of the investigation. 
 
The following key activities were conducted by EPA during the investigation: 

• Media characterization of soil, sediment, surface water, ground water, and ambient air 
• Installation of ground water monitoring wells 
• Volumetric estimates of source areas 
• Storm water evaluation of drainage pathways 
• Cultural Resource and Historic Building Survey 
• Aerial Photographic Analysis 
• Biological Evaluation 
• Riparian Evaluation and Jurisdictional Determination 
• Reuse Assessment 

Soil, sediment, surface water, ground water, and ambient air were sampled and analyzed to 
characterize the chemical and physical characteristics of the media.  A summary of the Site 
characterization activities are presented in the RI Report.  In addition, the RI Report provides a 
summary of previous and recent field investigation samples that met data quality assessment 
goals and are considered of suitable quality.  

3. PHYSICAL CHARACTERISTICS 

Data on the physical characteristics of the Site and surrounding areas were collected to establish 
a basis of understanding for the source, nature and extent, and migration pathway analysis.  Also, 
these data were used to identify receptor populations (e.g. adults, children, mammals, insects, 
plants, etc) for the Human Health Risk Assessment and Screening Level Ecological Risk 
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Assessment.  Finally, the physical characteristics will be used to develop and screen remedial 
alternatives in the Feasibility Study.  Information on the following physical characteristics was 
presented in the RI Report: 

• Surface features 
• Geology 
• Soils 
• Non-native materials 
• Geochemistry 
• Hydrogeology 
• Meteorology 
• Surface Water Hydrology 
• Cultural and Historical Features 
• Demography and Land Use/Reuse 
• Ecology 

All of these elements are integral to the development of the Conceptual Site Model, which is 
presented in the RI Report. 

4. ANALYTICAL DATA SUMMARY 

A summary of the analytical data from previous and recent investigation activities is provided 
below.   

4.1 HISTORIC DATA SUMMARY 

The historical dataset included surface water, ground water, and soil data collected since 1988 as 
documented in the ESI.  Ambient air was not sampled during previous investigations.  Surface 
water and ground water concentrations can vary over time.  Therefore, no historical surface 
water or ground water data were incorporated into the RI Report.  Historical soil data collected 
prior to 2002 and some soil data collected since 2002 were not documented adequately to meet 
data quality assessment goals.  Nevertheless, soil data from the following reports were 
incorporated into the RI Report:  
 

• 2002 Iron King Mine ADEQ PA/SI Report 
• 2004 Humboldt Smelter ADEQ PA/SI Report 
• 2005 EPA Removal Assessment Report 
• 2008 Revised Ironite Environmental Project Work Plan  

 
A summary of the historic soil data that were considered acceptable is provided in the RI Report.  
 
4.2 RI REPORT DATASET SUMMARY 

Historical data were combined with EPA RI field investigation data to form the complete RI 
Report dataset, which is utilized to evaluate the Site.  A summary of the RI Report dataset is 
provided below. 
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4.2.1 Soil/Sediment Samples 

During the RI field investigation, EPA collected soil and sediment samples from 0 to 
0.5-feet below ground surface (bgs), surface soil samples from 0 to 2-feet bgs, subsurface soil 
samples from 2 to 10-feet bgs, and deep soil samples greater than 10-feet bgs.  Soil/sediment 
samples were analyzed for Target Analyte List (TAL) metals, synthetic precipitation leaching 
procedure (SPLP) metals, hexavalent chromium, volatile organic compounds (VOC), semi-
volatile organic compounds (SVOC), pesticides/polychlorinated biphenyls (PCB), pH, 
perchlorate, asbestos, dioxins/furans, acid base accounting (ABA), and nitrates/nitrite/sulfate 
analyses.   

Soil samples evaluated in the Human Health Risk Assessment were segregated into depth 
intervals that are congruent with likely exposure.  The surface soils/sediment depth interval of 0 
to 2-feet bgs was used in accordance with EPA guidance.  The subsurface soil depth interval of 2 
to 10-feet bgs was used because intrusive construction activities (e.g., construction of basement 
foundations or pools) may extend to 10-feet bgs.  Samples collected greater than 10-feet bgs 
were not utilized in the Human Health Risk Assessment because humans are not likely to be 
exposed to material at this depth.  

4.2.2 Surface Water and Ground Water Sampling 

Filtered and unfiltered water samples were collected to evaluate the amount of total inorganics 
and metals and dissolved metals in water.  Unfiltered (i.e., total) inorganics concentrations were 
used in the Human Health Risk Assessment because it is unlikely that water would be filtered 
prior to exposure.  Water samples were analyzed for TAL metals, VOCs, SVOCs, explosives, 
perchlorate, anions/cations/total dissolved solids (TDS), and nitrates/nitrite/sulfate analyses.  
Analyses that were utilized as supporting environmental information in the Human Health Risk 
Assessment included some anions/cations. 

4.2.3 Ambient Air Sampling 

Ambient air samples were collected to determine the sources and migration of airborne 
contamination and to characterize the nature and extent of particulates from source areas during 
high wind events.  Ambient air samples were analyzed for total suspended particulates (TSP), 
particulate matter less than 10 microns (PM-10), and inorganics in ambient air.  Total suspended 
particulates data measures the total amount of matter in the air (all dust particles). Particulate 
matter less than 10 microns data measures the amount of small particulates in the air that can 
enter the lungs. Inorganics have chemical-specific toxicity criteria, so these ambient air data are 
included in quantitative risk estimates.  However, TSP and PM-10 concentrations do not have 
chemical-specific toxicity criteria, so these data were not utilized in the Human Health Risk 
Assessment.  

5. REMEDIAL INVESTIGATION RESULTS 

5.1 BASIS OF UNDERSTANDING 

The preceding sections provided a summary of the Site information and data, which fulfilled the 
first element of an RI Report.  The next three elements serve to:  (1) identify potential source 
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areas; (2) define the nature and extent of contamination; and (3) evaluate contaminant migration 
pathways.   

The source identification, nature and extent discussion, and migration pathway analyses will be 
supported by the comparison of data to screening levels.  Screening levels and chemicals of 
potential concern (COPC) are discussed in the following sections to provide a basis of 
understanding for these topics.  

5.1.1 Screening Levels 

The nature and extent evaluation includes a comparison of data from the Site to established 
screening levels.  Although much of the current or likely future uses of the Site are 
commercial/industrial, some portions of the Site (e.g., Off-site Soil Area of Interest) includes 
residential use.  Therefore, to provide a consistent basis of comparison across Areas of Interest, 
residential or domestic use screening levels are used in the nature and extent discussion.  

Screening levels are based on conservative estimates of exposure and are not the same as cleanup 
levels.  Screening level exceedances do not automatically designate an area is contaminated or 
trigger a response action.  However, screening level exceedances suggest that further evaluation 
of the potential risks posed by site contamination is appropriate.  The magnitude of exceedance is 
helpful in evaluating source areas, the nature and extent of contamination, and migration 
pathways within and amongst the Areas of Interest. 

5.1.2 Chemicals of Potential Concern 

All chemicals that were detected in soil, sediment, surface water, ground water, and ambient air 
were considered Chemicals of Potential Concern for this Site.  Arsenic, lead, and sulfate have 
been selected as the primary Chemical of Potential Concern because these inorganics are the 
most prevalent (in terms of screening level exceedance and magnitude) and generally are co-
located with other inorganic chemicals.  A thorough understanding of the impacts from these 
primary chemicals across the Areas of Interest provides a reliable yet concise picture of total 
inorganic chemical distribution.  In addition, sulfate and other critical indicators of geochemical 
conditions conducive to chemical mobility (e.g., acid mine drainage [AMD]) are discussed, as 
appropriate throughout these sections.   

5.1.3 Source 

Source material is a media that includes or contains hazardous substances, pollutants, or 
contaminants that acts as a reservoir for migration to other media or for direct exposure to 
humans or the environment.  The EPA identifies source material as either a principal threat waste 
or a low-level threat waste depending on the toxicity and mobility of the material.     

• Principal Threat Wastes – Source materials that are considered highly toxic or highly 
mobile and that generally cannot be reliably contained or would present a significant risk 
to human health or the environment if exposure were to occur.  Highly toxic or highly 
mobile are relative terms.  For the purpose of this evaluation, materials that are three or 
four orders of magnitude greater than their respective screening levels meet this highly 
toxic threshold.  Highly mobile materials are those that have demonstrated the ability for 
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significant migration due to their proximity to migration pathways or are particularly 
susceptible to migration due to their physical characteristics (e.g., fine particle size).     
 

• Low-level Threat Wastes – Source materials that exhibit low toxicity and low mobility 
and can be reliably contained or would present only a low risk to human health or the 
environment if exposure were to occur.  Generally, materials that do not meet the criteria 
for principal threat wastes, but do demonstrate significant toxicity (i.e., due to their 
exceedance of screening levels by one or two orders of magnitude and background 
levels) and mobility are considered low-level threat wastes.   

5.1.4 Nature and Extent of Contamination 

EPA performed an analysis of the data to describe the nature and extent of contamination to soil, 
sediment, surface water, ground water, and ambient air.  Chemical concentrations are 
incorporated with physical characteristics, historical information regarding Site activities, and 
other evidence to evaluate the nature and magnitude of contamination.  Similar evidence is used 
to delineate the extent of contamination both horizontally and vertically.  Spatial and temporal 
trends were evaluated as they are important in the analysis of migration pathways.  

5.1.5 Migration Pathways 

The nature and extent of contamination is combined with source identification and physical 
characteristic information to evaluate migration pathways.  The following migration pathways 
are discussed in the RI: 

• Surface Water Transport – Contaminant transport of particulates and dissolved phase 
contaminants via surface water transport occurs primarily during periodic high rain 
events.   
 

• Surface Water Partitioning – Surface water in contact with sediments or suspended 
solids may partition into the dissolved phase.   
 

• Air Particulate Migration – Moderate to high wind events that occur throughout the 
year carry fine-grained surface materials and particulates from source areas to adjoining 
Areas of Interest. 
 

• Leaching to Ground Water – As water percolates from the surface, through vadose 
zone soil, to the underlying ground water, it can carry dissolved phase constituents.  The 
vadose zone is the area between land surface and the water table.  Additionally, source 
material in contact with ground water can leach directly to ground water.   
 

• Ground Water to Surface Water – Ground water may emanate as surface water at 
various points around the Site. 

5.2 CONCEPTUAL SITE MODEL 

The Conceptual Site Model presents a holistic view of the Site, provides a foundation for the 
evaluation of remedial alternatives, and supports remedy selection.  The Conceptual Site Model 
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incorporates the Site’s surface features, potential source areas, nature and extent of 
contamination, contaminant migration pathways, and ancillary information, as appropriate.  

5.2.1 Iron King Mine AOI 

The Iron King Mine Area of Interest includes the Iron King Mine Proper Area, Iron King Mine 
Operations Area, Small Tailings Pile, Former Fertilizer Plant Area, and Salvage Yard.  The Iron 
King Mine Area of Interest contains significant sources of tailings material, which contains high 
concentrations of arsenic and lead.  This source material is either a principal threat waste or low-
level threat waste depending on its concentrations (i.e., toxicity), potential for off-site migration 
(i.e., mobility), and source volume.  These source materials are migrating off-site mainly via air 
particulate migration, surface water transport, and leaching to ground water.  Affected nearby 
exposure areas/Areas of Interest include the Galena Gulch, Chaparral Gulch, Off-site Soil 
(including residential properties), and Ground Water (see Figure ES-5).  

5.2.2 Humboldt Smelter AOI 

The Humboldt Smelter Area of Interest includes the Humboldt Smelter Ash Pile, Humboldt 
Smelter Slag, Humboldt Smelter Tailings Pile, Humboldt Smelter Operations Area, and 
Humboldt Smelter Off-site Migration.  The Humboldt Smelter Area of Interest contains 
significant sources of tailings, ash, slag, and building debris.  These materials are considered 
principal threat wastes or low-level threat wastes depending on the concentrations of arsenic, 
lead, or asbestos (i.e., toxicity); potential for off-site migration (i.e., mobility); and source 
volume.  These source materials are migrating off-site mainly via air particulate migration, 
surface water transport, and leaching to ground water.  Affected nearby exposure areas/Areas of 
Interest include the Agua Fria River, Chaparral Gulch, Off-site Soil (including residential 
properties), and Ground Water.  

5.2.3 Waterways AOI 

The Waterways Area of Interest includes the Galena Gulch, Chaparral Gulch, Agua Fria River, 
and adjoining drainage channels and outfalls.  The Waterways Area of Interest contains 
significant sources of tailings and ash material, which contains high concentrations of arsenic 
and lead.  This source material is either a principal threat waste or low-level threat waste 
depending on its concentrations (i.e., toxicity), potential for off-site migration (i.e., mobility), 
and source volume.  These source materials are migrating mainly via air particulate migration, 
surface water transport, and leaching to ground water.  Affected nearby exposure areas/Areas of 
Interest include the downgradient waterways (i.e., Galena Gulch, Chaparral Gulch, and Agua 
Fria River), Off-site Soil (including residential properties), and Ground Water.  

5.2.4 Off-Site Soil AOI 

The Off-site Soil Area of Interest includes residential, background, and ancillary properties (e.g. 
public spaces and commercial properties). 
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5.2.4.1 Residential, Commercial, and Public Properties 

Residential, commercial, and public properties located in the Off-site Soil Area of Interest were 
sampled to evaluate deposition of metals (e.g. from air or surface water) from suspected source 
areas.   These areas included:   

• Off-site Soil Area 02 through Off-site Soil Area 20 
• Off-site Soil Area 101 through Off-site Soil Area 148 
• Miscellaneous Off-site Area (e.g. collected during the 2005 Removal Assessment) 

Arsenic and lead concentrations in surface soil are elevated on properties adjacent to the 
Chaparral Gulch or downwind of the Iron King Mine and Humboldt Smelter Areas of Interest.  
These areas are not considered source areas because they do not pose a significant source of 
contamination to other media or properties.  Nevertheless, residential soils are impacted by 
source materials, including ash and/or tailings.  The Off-site Soil Area of Interest is impacted via 
the air particulate migration and surface water transport migration pathways from the Iron King 
Mine and Humboldt Smelter Area of Interest.   

Based on existing data, yards further away from the Iron King Mine and Humboldt Smelter 
Areas of Interest are much less likely to be impacted from particulate migration or surface water 
transport from sources.  Conversely, yards closer to the Iron King Mine or Humboldt Smelter 
Areas of Interest have a higher probability of being impacted.  These assertions were supported 
by the distribution of arsenic and lead in shallow surface soil samples.  In addition, the deeper 
surface soil samples have lower concentrations of arsenic and lead that are near or below 
background values.  This also supports the assertion that lead and arsenic impacts very near the 
surface are likely due to particulate migration or surface water transport, rather than being 
attributable to background conditions.   

The full extent of residential impacts has not been determined as many yards have not yet been 
sampled. Additional parcels near the Chaparral Gulch or downwind of the Iron King Mine or 
Humboldt Smelter AOIs may be impacted by air particulate migration or surface water transport. 
Additional soil sampling of parcels in the vicinity of these areas will assist EPA in fully 
evaluating the impacts to residential and public areas (see Figure ES-7). 

5.2.4.2 Background Areas 

The background areas evaluation included three background areas and native bedrock material 
that were sampled as part of the EPA RI field investigation, and additional background areas that 
were sampled during previous field investigations.  These datasets demonstrate that 
concentrations of arsenic and lead vary by soil type and proximity to the Site.  Background Soil 
Type 1 was generally higher in arsenic and lead concentrations than either Background Soil Type 
2 or 3.  Background Soil Type 1 samples were collected northwest of the Iron King Mine Area of 
Interest (see Figure ES-4).  Background Soil Type 2 samples were collected southwest of the 
Iron King Mine Area of Interest.  Background Soil Type 3 samples were collected south of the 
Humboldt Smelter Area of Interest. In addition, bedrock samples were collected at various 
locations throughout the Site. These samples generally contained elevated concentrations of 
arsenic, demonstrating that the native material in this area contains minerals (e.g., arsenopyrite) 
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that have elevated concentrations of arsenic. The background concentration of arsenic is above 
its respective soil screening level.    

Historic background dataset Background H-1 was collected in an area that is in an old surface 
water transport pathway for the Iron King Mine and the Background H-2 dataset was collected 
downwind from the Iron King Mine.  Therefore, these two areas may have some anthropogenic 
or non-native contributions of metals from Iron King Mine migration pathways.  

5.2.5 Ground Water AOI 

The Ground Water Area of Interest includes the shallow alluvium and deep bedrock ground 
water.  The general direction of ground water flow is from west to east.  As such, ground water 
flows from under the Iron King Mine Area of Interest into areas under the residential 
neighborhoods to the east.  In addition ground water under the Humboldt Smelter flows either 
towards the Aqua Fria or towards the Lower Chaparral Gulch. 

At the Iron King Mine, sulfate, TDS, arsenic, and lead are present at concentrations in excess of 
twice their respective standards (i.e., maximum contaminant levels [MCL] or National 
Secondary Drinking Water Standards [NSDWS]).  The presence of soluble metal ions (e.g., 
sulfate) to solution may be from an anthropogenic (i.e. man-made) mineral substrate (e.g., 
tailings) or from a natural geologic feature (e.g., ore or bedrock) that is high in sulfate.  Although 
both mechanisms are likely occurring at various degrees throughout the Site, there is little doubt 
that the sulfate in ground water is at least exacerbated if not wholly attributable to historic 
mining processes (i.e., ground water contact with the mine shaft/adit material or tailings 
material). 

Ground water in the vicinity of Humboldt Smelter (i.e., MW-01-S and the wells to the north) 
have chloride as the dominant anion as opposed to sulfate.  The source of chloride is likely from 
a natural geologic feature (i.e., alkali basalt) that is high in chloride, sodium, and potassium; 
monitoring well MW-01-S was completed in basalts of the Tertiary Hinkley Formation.  
Although the chloride in ground water is likely due to a natural geologic feature, it is possible 
that it could be related to historic smelting operations.  During smelting operations, chlorination 
is commonly used to decompose spent cyanide in precious metals leaching operations; it is also 
used for oxidizing metal sulfides.     

Ground water collected from municipal and private wells throughout Dewey-Humboldt reveal 
the presence of arsenic above the MCL in some residential wells.  Elevated arsenic (i.e. arsenic 
above the MCL) was detected in private and municipal wells upgradient, cross-gradient, and 
many miles away from the Site.  Other chemicals found in private and municipal wells include: 
sulfate, chloride, and TDS.  

Elevated concentrations of arsenic in ground water are localized (i.e., in proximity of ore 
deposits or residual mine material).  This is expected given the low mobility of arsenic under 
neutral pH conditions.  Arsenic concentrations within the Iron King Mine Main Tailings Pile and 
immediately downgradient are less than the MCL.  This indicates that elevated arsenic 
concentrations found in the Town of Dewey-Humboldt and surrounding area are due to natural 
geologic formations (e.g. arsenic bearing minerals in local volcanics) and not due to historic 
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mining or smelting activities.  The variability and magnitude of arsenic concentrations in the 
vicinity of the Site are similar to those throughout Arizona. 

5.3 CSM SUMMARY 

The CSM for the Iron King Mine – Humboldt Smelter Superfund Site is centered on source 
media (e.g., tailings, ash, etc.) that migrates to other areas mainly via air particulate migration, 
surface water transport, and leaching to ground water (see Figure ES-5).  Arsenic and lead have 
been detected in soils/sediments at concentrations in excess of their respective screening levels.  
At the Iron King Mine and Humboldt Smelter, this is primarily the result of original deposition 
of source materials (i.e., principal or low-level threat wastes) in the form of tailings, ash, etc.  In 
the Waterway Area of Interest, impacts are largely the result of surface water transport.  In the 
Off-site Soil Area of Interest, impacts are mainly attributed to windborne deposition of fine-
grained materials. However, residential parcels in close proximity to the Chaparral Gulch have 
been impacted by surface water transport.  Although arsenic and lead concentrations in some 
areas are elevated, source attribution in these areas is complicated by elevated background 
concentrations of these metals. For areas with arsenic and lead concentrations slightly above 
background concentrations and/or screening levels, it is difficult to determine if the exceedance 
is due to natural background conditions or to historic mining and smelting activities.   

Surface water and ground water have been impacted as a result of standard geochemical 
processes that occur when natural waters come in contact with materials with a high leaching 
potential.  This geochemical reaction, known as Acid Mine Drainage generation, results in a 
localized decrease in the pH of water as well as the release of metals (e.g., arsenic, lead, etc.), 
and anions (e.g., sulfate, chloride, etc.), as well as an increase in the TDS.  As the pH of the 
water becomes more neutral, the metals become less mobile, while the sulfate and TDS 
concentrations remain high. 

Ambient air in the vicinity of the Iron King Mine and Humboldt Smelter Areas of Interest have 
higher concentrations of arsenic and/or lead than the background station or Humboldt In-Town 
station near the Humboldt Elementary School; these elevated concentrations demonstrate that the 
Iron King Mine and Humboldt Smelter Areas of Interest are sources of contamination for 
downwind (e.g., residential) properties.  Although the limit of particulate migration is subject to 
uncertainty, arsenic and lead in residential yard surface soil near the Iron King Mine and 
Humboldt Smelter Areas of Interest are higher than further downwind (e.g., near the Humboldt 
Elementary School).  This is consistent with the information obtained from the Humboldt In-
town air sampling station near the Humboldt Elementary School, which had concentrations of 
arsenic and lead similar to background.  These lines of evidence demonstrate that although 
arsenic and/or lead particulate migration from the Iron King Mine and Humboldt Smelter Areas 
of Interest is occurring, the extent of air particulate migration is a few to several blocks from the 
source areas.  Although National Ambient Air Quality Standards for lead and PM-10 were 
exceeded at the Humboldt Smelter, it should be noted that none of the maximum concentrations 
in the air samples exceeded the Health-Based Guidelines for Acute (i.e., Shorterm) Exposure. 

Ground water has been impacted by arsenic, lead, sulfate, chloride, and TDS.  Because of their 
low mobility, impacts from both arsenic and lead are localized.  However, ground water 
downgradient of the Iron King Mine is impacted from sulfate-dominated TDS as a result of 
contact with tailings or from a natural geologic feature that is high in sulfate.  Although both 
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mechanisms are likely occurring at various degrees throughout the Iron King Mine Area of 
Interest, there is little doubt that the sulfate in ground water is at least exacerbated if not wholly 
attributable to historic mining processes (i.e., contact with mine adit material or tailings 
material).  Also, ground water in the vicinity of the Humboldt Smelter is impacted from chloride-
dominated TDS from a natural geologic feature or as a result of smelting operations at the 
Humboldt Smelter.  There are a few wells within the Iron King Mine and Humboldt Smelter 
Areas of Interest that are impacted by arsenic from their proximity to ore deposits or residual 
mine material.  However, elevated arsenic concentrations found in wells within the Town of 
Dewey-Humboldt and surrounding area are due to contact with natural geologic formations.  The 
variability and magnitude of arsenic concentrations in the vicinity of the Site are similar to those 
throughout Arizona. 

6. HUMAN HEALTH RISK ASSESSMENT 

The following sections present the methodology and summary of results for the HHRA.   

6.1 INTRODUCTION 

The role of the human health risk assessment is to quantify the risks associated with potential 
exposure to hazardous substances at a site in the absence of any remedial action or control, 
including institutional controls.  Institutional controls are legal or administrative tools used to 
maintain protection of human health and the environment at sites (e.g. property use restrictions). 
Therefore, a Human Health Risk Assessment was performed to estimate the probability and 
magnitude of potential adverse human health effects from exposure to contaminants associated 
with the Site assuming no remedial action was taken.  It provides the basis for taking action and 
identifies the exposure areas, exposure pathways, and contaminants that may be considered for 
remedial action.   

The Human Health Risk Assessment contains the following information:  the objectives, the 
methodology for data grouping and identification of Chemicals of Potential Concern, the 
exposure assessment, the toxicity assessment, the site-specific risk assessment results, and the 
uncertainty analysis. 

6.2 OBJECTIVES 

This Human Health Risk Assessment was conducted to estimate potential human health risks 
associated with possible exposure to site-related chemicals under current and potential future 
land use.  It was conducted in the absence of remedial, engineering, or institutional controls and 
without regard to future remedial action.  The specific objectives of this Human Health Risk 
Assessment are to: 

• Estimate potential human health risks associated with current and potential future 
land use conditions 

• Identify the environmental media, Chemicals of Potential Concern, and pathways that 
pose the most risk. 
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To accomplish these objectives, the following framework was used to estimate potential risk to 
human health: 

• Selection of Chemicals of Potential Concern – Groups analytical data by exposure 
area and medium for the selection of Chemicals of Potential Concern. 

• Exposure Assessment – Estimates the magnitude of actual and/or potential human 
exposures, the frequency and duration of these exposures, and the pathways (e.g., 
ingestion of contaminated soil) by which humans are potentially exposed. 

• Toxicity Assessment – Determines the types of adverse health effects associated with 
chemical exposures, and the relationship between the magnitude of exposure (dose) 
and severity of adverse effects (response). 

• Risk Characterization and Uncertainty Analysis – Summarizes and combines 
outputs of the exposure and toxicity assessments to provide a quantitative assessment 
of human health risks. 

The Human Health Risk Assessment was performed on human health exposure scenarios that 
estimated the reasonable maximum exposure (RME) to Chemicals of Potential Concern.  The 
reasonable maximum exposure is defined as the highest contaminant exposure that is reasonably 
expected to occur at a Site.  The reasonable maximum exposure is estimated for individual 
exposure pathways and then summed across multiple pathways as appropriate.  The intent of the 
reasonable maximum exposure is to develop a conservative (i.e., safe) estimate of exposure that 
is still within the range of possible exposures.   

6.3 COPC IDENTIFICATION 

Chemicals of Potential Concern are chemicals that are carried through the quantitative exposure 
and risk estimate portions of the Human Health Risk Assessment.  All chemicals that were 
detected in soil, sediment, surface water, ground water, and ambient air data are Chemicals of 
Potential Concern.  The only restriction used in the selection of Chemicals of Potential Concern 
was the removal of four inorganics (i.e., calcium, magnesium, sodium, and potassium) that are 
considered essential nutrients by EPA.  

6.4 EXPOSURE ASSESSMENT 

An exposure assessment identifies potential human receptors that could be exposed to site-
related chemicals as well as the routes, magnitude, frequency, and duration of the potential 
exposures.  The exposure receptors that are evaluated in this Human Health Risk Assessment 
include: 

• Commercial/Industrial Workers 
• Construction Worker 
• Adult/Child Recreation/Trespasser 
• Adult/Child Resident. 
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Although some of the exposure scenarios are not current (e.g., residential exposure to the 
Humboldt Smelter Ash Pile), no distinction was made between current and future exposure 
scenarios because the exposure parameters are identical.  Therefore, exposure scenarios in this 
Human Health Risk Assessment are considered protective of current/future exposure. 
 
According to EPA guidance, a complete exposure pathway consists of four elements: 
 

• A source and mechanism of chemical release 
• A retention or transport medium/media  
• A point of potential human contact with the medium (i.e., exposure point) 
• An exposure route at the exposure point (e.g., ingestion, inhalation, dermal contact, etc.). 
 

If any of these elements is missing, except when the source itself is the exposure point, then the 
exposure pathway is considered incomplete.  For example, if receptor does not have contact with 
the source of contamination or transport medium (e.g. surface water), then the exposure pathway 
is considered incomplete and is not quantitatively evaluated for risk. 
 
6.5 TOXICITY ASSESSMENT 

The purpose of a toxicity assessment is to evaluate whether Chemicals of Potential Concern are 
likely to cause adverse health effects in exposed individuals and provide an estimate of the 
increased likelihood or severity of the adverse effect.  The toxicity assessment was accomplished 
via a hazard identification and dose-response assessment. 

6.6 RISK CHARACTERIZATION 

The final step in the Human Health Risk Assessment is the characterization of the potential risks 
associated with exposure to chemicals detected at a site.  The Human Health Risk Assessment 
evaluated the Site for potential cancer risks and noncancer hazards from soil, sediment, surface 
water, ground water, and ambient air.   

Most of exposure areas within the Iron King Mine, Humboldt Smelter, and Waterway Areas of 
Interest have cancer risks greater than 1E-04 (1 in 10,000) or noncancer hazards greater than 1 
for all four categories of receptors (i.e., commercial/industrial worker, construction worker, 
adult/child recreational/trespasser, and adult/child resident).  Information from the EPA’s reuse 
assessment was incorporated into the Human Health Risk Assessment to present the cancer risk 
and noncancer hazards for the most likely exposure scenario for each area.  The areas where 
soil/sediment have a cancer risk greater than 1E-04 (1 in 10,000), a noncancer hazard greater 
than 10, or a lead PRG 99th percentile exceedance are the areas that warrant an evaluation of 
remedial alternatives (see Figure ES-6).  It should be noted that Background Soil Type 1 has a 
cancer risk of 1E-04 (1 in 10,000) and a noncancer hazard of 5, which demonstrates the 
importance of background to the overall discussion of risk estimates.  Because Background Soil 
Type 1 (i.e., BgD) is interpreted as being the dominant soil type at the Iron King Mine, 
Humboldt Smelter, and Off-site Soil Areas of Interest, additional samples will be collected from 
this soil type to ensure this soil type has been fully characterized.  In addition, the surface water 
associated with these exposure areas has cumulative risks greater than 1E-04 (1 in 10,000) due to 
elevated concentrations of arsenic.  Because surface water concentrations are highly dependent 
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on the underlying substrate, the remedial alternatives for impacted surface water should consider 
both soil/sediment and associated surface water.  

The Human Health Risk Assessment evaluated data from 65 parcels in the Off-site Soil Area of 
Interest for adult/child residential exposure to soil.  The 65 parcels included 17 residential 
parcels that were sampled in 2005 as part of the EPA Removal Assessment, 45 residential 
parcels that were sampled in 2008 and 2009, and the Humboldt Elementary School playground 
(3 parcels). Of the 65 parcels:  

• 23 have a cancer risk greater than 1E-04 (1 in 10,000) or noncancer hazards greater than 
10 

• 36 have an exceedance of the lead PRG 99th percentile.   

After analysis and review of the results, EPA determined that many residential yards have levels 
of arsenic and lead that could increase the potential for health effects over the long-term.  These 
areas warrant an evaluation of remedial alternatives (see Figure ES-7).  It should be noted that 
the Humboldt Elementary School playground in the Town of Dewey-Humboldt does not warrant 
further evaluation based on a toxicological review of the data. Furthermore, the levels of 
Chemicals of Potential Concern in the Humboldt Elementary School playground are similar to 
background concentrations of these chemicals. It should also be noted that many of the 
residential parcels have cancer risks or noncancer hazards similar to Background Soil Type 1, 
which has a cancer risk of 1E-04 (1 in 10,000) and a noncancer hazard of 5.  Therefore, the 
evaluation of remedial alternatives for off-site areas should consider the contribution of 
background risks to the discussion of overall risk estimates. 

Most of the ground water locations have cumulative risks greater than 1E-04 (1 in 10,000) due to 
elevated concentrations of naturally-occurring arsenic in ground water.  The remaining locations 
have risks between 1E-04 (1 in 10,000) to 1E-06 (1 in 1,000,000).  In addition, many of the 
locations have arsenic exceedances of the EPA Maximum Contaminant Level. EPA’s Maximum 
Contaminant Levels are enforceable drinking water standards that apply to public water systems 
(i.e. systems that serve 15 locations or 25 people more than 6 months out of the year).  

Wells within the Iron King Mine and Humboldt Smelter Areas of Interest are impacted by 
arsenic from their proximity to ore deposits or residual mine material. These locations warrant an 
evaluation of remedial alternatives.  However, elevated arsenic concentrations found in private 
and municipal wells within the Town of Dewey-Humboldt and surrounding area are a result of 
contact with natural geologic formations and are not indicative of impacts from historic mining 
and smelting operations.  The variability and magnitude of arsenic concentrations in the vicinity 
of the Site are similar to those throughout Arizona.   

Ground water downgradient of the Iron King Mine is impacted from sulfate-dominated TDS as a 
result of contact with tailings or from a natural geologic feature that is high in sulfate; these 
elevated concentrations of sulfate may cause harmful effects (e.g. dehydration). Wells impacted 
by sulfate-dominated TDS warrant an evaluation of remedial alternatives.  The ground water in 
the vicinity of the Humboldt Smelter is impacted from chloride-dominated TDS from a natural 
geologic feature or as a result of smelting operations at the Humboldt Smelter; these elevated 
concentrations of chloride are unlikely to cause harmful effects but should be further evaluated to 
identify the source of chloride. 
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7. SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT AND BASELINE RISK 
ASSESSMENT PROBLEM FORMULATION 

This Ecological Risk Assessment (ERA) presents the results of the Screening Level Ecological 
Risk Assessment and Baseline Risk Assessment Problem Formulation.  The Ecological Risk 
Assessment includes definition of assessment and measurement endpoints; exposure and toxicity 
assessment; data evaluation; and screening level risk characterization.   

7.1 CONCEPTUAL SITE MODEL AND PROBLEM FORMULATION 

The Ecological Risk Assessment began with a screening level evaluation which identified that 
the majority of chemicals detected would require further evaluation in the Ecological Risk 
Assessment.  A conceptual model was developed for the site based on review of site conditions 
and existing data.  This model identified that the Site provides terrestrial and aquatic habitats. 
The conceptual model identifies arsenic, lead, and other metals associated with mining as the 
primary Chemicals of Potential Concern, although organic chemicals associated with specific 
areas may also be Chemicals of Potential Concern.   

Based on the conceptual model, assessment endpoints were selected to represent a broad range of 
ecological receptors within the Site’s ecological community.  The assessment endpoints included 
the survival, growth, and reproduction of terrestrial plants, soil invertebrates, aquatic and benthic 
organisms, herbivorous mammals and birds, insectivorous mammals and birds, predatory 
mammals and birds, piscivorous birds, and reptiles.  Based on expected patterns of site use by 
wildlife and differences between potential sources of chemicals, the site was divided into five 
exposure groupings: West Exposure Grouping; East Exposure Grouping; Agua Fria River 
Exposure Grouping; In-Town West Exposure Grouping; and In-Town East Exposure Grouping. 

7.2 MEASUREMENT ENDPOINTS AND DATA EVALUATION 

Measurement endpoints were selected to provide a quantifiable means of characterizing risks.  
The measurement endpoints for plants, soil invertebrates, and aquatic and benthic organisms 
included comparison of maximum and mean exposure point concentrations to benchmarks.  The 
benchmarks selected are highly precautionary and thus provide a conservative assessment of site 
risks.  Additional endpoints were evaluated for plants utilizing the data available from past 
habitat surveys to determine whether the plant species list for the site is similar to that off-site, 
and to identify any signs of vegetative stress.   

For higher trophic level wildlife, measurement endpoints were based on the results of food web 
models that predict the dose of chemicals ingested by wildlife.  These doses were compared to 
benchmarks and off-site background doses.  The first measurement endpoint evaluated was a 
screening level comparison of maximum case scenario doses to no-effects benchmarks.  
Additional measurement endpoints included comparison of mean case scenario doses to no-
effects benchmarks, low effects benchmarks, and background doses.  Because of a lack of data 
available for assessment of reptile and amphibian exposures, measurement endpoints use 
qualitative means (surrogate receptors) to assess risks to reptiles and amphibians. 

To test these measurement endpoints, both site-specific and literature-based information was 
used to develop exposure and toxicity methods and assumptions for use in estimating risks.  
These tools were used in the data evaluation to test each measurement endpoint as a line of 
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evidence.  Lines of evidence were combined in a qualitative weight of evidence discussion to 
determine the potential for risks.  

The screening level ecological risk assessment and baseline problem formulation concluded that 
the Chemicals of Potential Concern identified for the exposure groupings require additional 
consideration either through risk management or further assessment.   

The East Grouping encompasses the Humboldt Smelter Area of Interest, the Chaparral Gulch to 
the east of Highway 69, and the Agua Fria River.  The West Grouping encompasses the Iron 
King Mine Area of Interest.  The assessment found that highly elevated concentrations of metals 
pose risks to all receptor groups (i.e., terrestrial plants, terrestrial invertebrates, aquatic and 
benthic organisms, mammals, birds, and reptiles and amphibians).  Therefore, cleanup levels 
should be developed for the evaluation of remedial alternatives for the East and West Groupings. 

Benchmark exceedances indicate the potential for risks within the Agua Fria Exposure Grouping; 
however, benchmarks are based on precautionary data from the scientific literature, and habitat 
in the Agua Fria River appears relatively healthy.  Nevertheless, cleanup levels should be 
developed for the evaluation of remedial alternatives for risks to aquatic and benthic organisms, 
birds, and reptiles and amphibians.  Although the potential for risk could increase should 
chemicals continue to migrate from upstream uncontrolled sources, the potential for risk should 
decrease if upstream sources are controlled and elevated metal concentrations in sediment 
dissipate to near background concentrations over time.  Risk management decisions within the 
Agua Fria itself should weigh the potential for ecological risk with the intrusiveness of remedial 
alternatives that may lead to a reduction of the habitat quality. 

The In-Town East Exposure Grouping comprises commercial or residential parcels north, east, 
and west of the Humboldt Smelter.  The In-Town West Exposure Grouping comprises four 
commercial or residential parcels north of the Iron King Mine area and north of Chaparral Gulch.  
The assessment found that concentrations of metals were somewhat elevated and may pose risks 
to several receptor groups (i.e., terrestrial plants, terrestrial invertebrates, mammals, and reptiles).  
However, the assessment also identified that the areas evaluated provide poor habitat due to 
development and that concentrations of several metals are similar to background values.   Further 
efforts should focus on developing cleanup levels and evaluating habitat quality for use in the 
evaluation of remedial alternatives for the In-Town East and In-Town West Groupings. 

8. DATA GAPS, RECOMMENDATIONS, AND ADDITIONAL CONSIDERATIONS 

8.1 DATA GAPS AND RECOMMENDATIONS 

Data gaps and recommendations for further characterization were identified based on the results 
of the RI.  These recommendations will facilitate a better understanding of the Site and can be 
conducted during subsequent phases of the RI and during the Feasibility Study.  

• The western dam within the Iron King Mine Main Tailings Pile has already exhibited 
failure and its stability should be considered in the evaluation of remedial alternatives.  
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Therefore, an engineering evaluation of the Iron King Mine Main Tailings Pile should be 
conducted to evaluate the long-term stability of the dam.  
 

• Large portions of the Humboldt Smelter Slag Pile have cleaved off into the Agua Fria 
River.  In addition, cracks and fractures are apparent on the upper surface.  Therefore, an 
engineering evaluation of the Humboldt Smelter Slag Pile should be conducted to 
evaluate the long-term stability of this material.  
 

• EPA has sampled approximately 65 parcels in the Town of Dewey-Humboldt during the 
RI.  Parcels with elevated arsenic and lead concentrations were located in close proximity 
to the Iron King Mine and Humboldt Smelter AOIs, or the Middle Chaparral Gulch.  
Based on existing data, yards further away from the Iron King Mine and Humboldt 
Smelter Areas of Interest are much less likely to be impacted from particulate migration 
or surface water transport.  Conversely, yards closer to the Iron King Mine or Humboldt 
Smelter Areas of Interest have a higher probability of being impacted.  The full extent of 
residential impacts has not been determined as many parcels have not yet been sampled.  
Additional parcels near the Chaparral Gulch or downwind of the Iron King Mine or 
Humboldt Smelter AOIs may be impacted by air particulate migration or surface water 
transport.  Therefore, additional soil sampling of parcels in the vicinity of these areas will 
assist EPA in fully evaluating the impacts to residential and public areas.  Results from 
the comprehensive sampling will be used to plan a residential yard cleanup effort.  EPA 
will sample additional residential yards in the area outlined in Figure ES-7.  If you live 
within this area and EPA has not sampled your yard, please contact EPA.  EPA will 
conduct residential yard sampling at no cost to the resident. 
 

• The range of arsenic and lead concentrations in soil demonstrates that there is a great 
variability in concentrations in the native material of this area.  Because background 
contributions are important to the overall discussion of risk estimates and risk 
management for the Site, additional background soil characterization is necessary to 
evaluate the impacts from the Site.  The Background Soil Type 1 (i.e., BgD) is 
interpreted as being the dominant soil type at the Iron King Mine, Humboldt Smelter, and 
Off-site Soil Areas of Interest.  Therefore, additional samples should be collected from 
this soil type (see Figure ES-4).    
 

• Ground water downgradient of the Iron King Mine is impacted from sulfate-dominated 
TDS as a result of contact with tailings or from a natural geologic feature that is high in 
sulfate (see Figure ES-5).  The ground water in the vicinity of the Humboldt Smelter is 
impacted from chloride-dominated TDS from a natural geologic feature or as a result of 
smelting operations at the Humboldt Smelter.  The areas of impacted ground water are 
not well-defined.  Therefore, a well inventory should be conducted to identify wells with 
the area of potential impact.  Ground water samples should be collected from these wells 
and analyzed for general chemistry parameters.  This information will assist in 
determining the extent of the sulfate and chloride impacts.  Additional information about 
the alluvial and bedrock aquifer characteristics should be gathered from well 
development records.  
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• The maximum lead concentration in soil of 18,100 milligrams per kilogram (mg/kg) in 
Off-site Soil Area 120 is considered an outlier that is likely associated with lead-based 
paint residue.  However, additional characterization of this parcel may be warranted to 
determine the source of lead. 
 

• The lead concentration in ground water at location GW-999953 was 49.8 micrograms per 
liter (µg/L), which is likely due to lead pipes.  Nevertheless, this location requires further 
consideration.     

8.2 ADDITIONAL CONSIDERATIONS 

Additional considerations were identified for local residents, community members, landowners, 
or potentially responsible parties (PRPs).  

• Many private wells in the vicinity of the Site have arsenic concentrations above the EPA 
Maximum Contaminant Level of 10 µg/L.  Although these wells are not considered 
impacted by the Site, drinking water with arsenic concentrations above the drinking water 
standard may present a health risk to consumers.  Therefore, residents drinking from 
private wells should have their wells tested and take precautionary measures (e.g., 
filtering water), as appropriate.  Additional information on drinking water from 
household wells can be found in Appendix I and at the following website:  
 

http://www.epa.gov/privatewells/pdfs/household_wells.pdf 
 

• Air monitoring was conducted to characterize the nature and extent of contamination and 
to evaluate human health and ecological risk.  Air monitoring demonstrated that 
particulates containing Chemicals of Potential Concern from the Iron King Mine and 
Humboldt Smelter Areas of Interest migrate to the residential areas during high wind 
events.  Therefore, it would be prudent for landowners or PRPs to conduct dust 
suppression activities (e.g., wetting tailings or ash) prior to high wind events to control 
particulate migration from source areas.    
  

• A Cultural Resource and Historic Building Survey conducted in November 2008 in 
compliance with Section 106 of the National Historic Preservation Act.  This evaluation 
concluded that the Iron King Mine and the Humboldt Smelter are eligible for inclusion in 
the National Register of Historic Places under Criterion D.  Criterion D is for resources 
that have yielded information important in prehistory or history.  Both properties yielded 
important information regarding the history of the Big Bug Mining District.  Community 
members may consider forming a workgroup to evaluate options for the long-term 
management or use for buildings/structures that may have historic value (e.g., smelter), 
but will not be subject to preservation activities by the EPA.   
 

• Sampling results indicate the presence of elevated levels of arsenic and lead at the Iron 
King Mine, Humboldt Smelter, and Chaparral Gulch that could present health risks if a 
person is exposed to these metals over a long period of time.  Arsenic can enter the body 
through breathing and/or ingesting contaminated soil.  Therefore, EPA recommends that 
residents limit or avoid contact with soils and any water in these areas and obey EPA 

http://www.epa.gov/privatewells/pdfs/household_wells.pdf�


  EA Project No. 14342.34 
  Revision:  01 
  Executive Summary, Page xxi of xviii 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine–Humboldt Smelter Superfund Site  Remedial Investigation Report  
 

caution signs.  Chaparral Gulch is easily accessible to the public as no fences or gates 
prohibit access.  However, EPA advises residents, especially young children, to stay out 
of this area. 

9. COMMUNITY OUTREACH MATERIALS 

The EPA recognizes that the public has a right to be involved in the federal government’s 
decision-making process.  EPA’s experience has been that when the public is involved in EPA’s 
work, the cleanup process results in a better outcome and a more robust remedy.  This section 
explains how EPA has worked with the Dewey-Humboldt community to enhance the 
completeness and effectiveness of the investigation.  

The RI contains a variety of documents and outreach materials geared towards community 
members who would like more information about specific Site issues (see Appendix I).  It 
includes information about drinking water from household wells, water treatment options, basic 
information about arsenic, gardening in arsenic-contaminated soils, and ways to protect your 
health.  It also contains a variety of documents and outreach materials meant for the general 
public as follows: 

• Drinking water from household wells 
• Arsenic in drinking water 
• Water treatment options 
• Public health statements on arsenic, lead, and sulfate 
• Safe gardening practices 
• Local, state, and federal environmental resources and contact information. 
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1. INTRODUCTION 

This report presents the results of the remedial investigation (RI) activities conducted at the Iron 
King Mine – Humboldt Smelter Superfund Site in Dewey-Humboldt, Arizona.  The U.S. 
Environmental Protection Agency (EPA) authorized EA Engineering, Science, and Technology, 
Inc. (EA) to conduct RI activities under Remedial Action Contract (RAC) Number EP-W-06-004 
and Task Order 0034-RICO-09MX.  The framework and requirements are documented in the 
EPA Statement of Work (SOW) Revision 01 (EPA 2009a) and the EA Work Plan and Cost 
Estimate (Revision 03) (EA 2009a).  The investigation was conducted in accordance with 
“Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA” 
(Comprehensive Environmental Response, Compensation, and Liability Act) (EPA 1989a). 

1.1 PURPOSE 

The purpose of the RI Report is to:  (1) summarize Site information and data; (2) identify 
potential source areas; (3) define the nature and extent of contamination; (4) evaluate 
contaminant migration pathways; and (5) present a summary of human health and ecological 
risks.  These elements also form the conceptual site model (CSM), which was discussed 
throughout the report.  This RI report will be used as a foundation for the remedial alternative 
evaluation in the Feasibility Study (FS) and will support remedy selection in the Record of 
Decision (ROD).   

1.2 SITE BACKGROUND 

Background information was compiled from information gathered during the Site investigation.  
Sources of information include, but are not limited to: 

• EPA RAC II Statement of Work for RI/FS (EPA 2009a) 
 

• A Cultural Resource and Historic Building Survey for a Remedial Investigation/ 
Feasibility Study at the Iron King Mine-Humboldt Smelter Superfund Site 
(Archaeological Consulting Services [ACS], LTD. 2008), which is presented in 
Appendix A-1 
 

• Aerial Photographic Analysis of Iron King Mine/Humboldt Smelter Superfund Site (EPA 
2008a), which is presented in Appendix A-1 
 

• Biological Evaluation of the Iron King Mine – Humboldt Smelter Superfund Site 
(Envirosystems Management, Inc. 2009), which is presented in Appendix A-1. 

1.2.1 Site Location and Description 

The Site is located in Dewey-Humboldt, Yavapai County, Arizona (Figure 1-1).  The Site is a 
combination of sources and releases from two separate facilities:  the Iron King Mine property 
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and the Humboldt Smelter property.  A portion of the Town of Dewey-Humboldt is situated 
between the mine and the smelter.  Three waterways (Chaparral Gulch, Galena Gulch, and Agua 
Fria River) also transect the Site (Figure 1-2). 

During the course of the investigation, EPA identified five Areas of Interest (AOI): 
 

• Iron King Mine – Includes the Iron King Mine Proper Area, Iron King Mine Operations 
Area, Former Fertilizer Plant Area, Salvage Yard, and ancillary associated properties 

• Humboldt Smelter – Includes ancillary associated properties 

• Waterways – Includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls 

• Off-site Soil – Includes residential, background, and ancillary properties 

• Ground Water – Includes shallow alluvium and deep bedrock ground water. 

These five AOIs were combined into a single Operational Unit for the purpose of conducting the 
RI/FS because:  (1) migration of particulates from the Iron King Mine and Humboldt Smelter 
may have overlapping air-depositional areas; (2) mine tailings from the Iron King Mine have 
migrated onto the Humboldt Smelter property via the Chaparral Gulch; (3) the Agua Fria River 
and its contributing waterways (e.g., Chaparral Gulch and Galena Gulch) have impacts from both 
the Iron King Mine and Humboldt Smelter; and (4) ground water has been impacted from both 
the Iron King Mine and Humboldt Smelter. 

Although the RI Report utilizes “off-site” in descriptions of areas, the Site is being evaluated 
holistically. The phrase “off-site” indicates areas that are located outside of the Iron King Mine 
or Humboldt Smelter Areas of Interest, but are still considered to be part of the Site. The Site 
includes all areas where contamination has migrated.   

1.2.1.1 Iron King Mine 

The Iron King Mine AOI, located west of Highway 69, occupies approximately 153 acres (see 
Figure 1-2).  The Iron King Mine property is bordered by Chaparral Gulch, to the north, Galena 
Gulch to the south, Highway 69 to the east, and undeveloped land to the west.  The Iron King 
Mine was a periodically active gold, silver, copper, lead, and zinc mine from 1906 until 1969.    

The Iron King Mine AOI includes the following four subordinate properties (see Figure 1-3):  

• The Iron King Mine Proper Area - Consists of a large tailings pile and a plant area.  In 
addition, there are 5 retention ponds or impoundments:  Main Retention Pond, Pond 40-
01A, Pond 40-02A, Pond 100-003F, and Pond 200-5S. 

 
• The Iron King Mine Operations Area – Historically contained at least 11 buildings, 

including the assay laboratory office, main office, change rooms, and the mechanical 
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room.  This property also contains multiple mine shafts, and a glory hole; the latter of 
which has more recently been used as a landfill. 

 
• The Former Fertilizer Plant Area – Includes several abandoned buildings, concrete 

pads, sumps, tanks, and an ore bin. 
 

• Salvage Yard Area - Includes a few industrial buildings.   
 

1.2.1.2 Humboldt Smelter 

The Humboldt Smelter AOI, located at the east end of Main Street, occupies approximately 189 
acres (see Figure 1-2).  The smelter is situated less than 1-mile east of the Iron King Mine.  The 
Humboldt Smelter is bordered by the Town of Dewey-Humboldt to the west and north, the Agua 
Fria River to the east, and the Chaparral Gulch to the south. 

The Humboldt Smelter contains several abandoned buildings, a smelter stack, a tailings pile, a 
smelter ash pile, and a slag pile.  Ponds, pits, and lagoons may have been used in historical 
smelting operations (see Figure 1-4).   

1.2.1.3 Waterways 

The Waterways AOI includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls (see Figure 1-2).  The Chaparral and Galena Gulches 
are ephemeral streams that only flow during infrequent episodic high rain events.   

Chaparral Gulch, a natural drainage channel, flows from northwest to southeast along the border 
of the Iron King Mine property.  The gulch crosses under Highway 69, passes through a 
residential area, and then enters the northeast boundary of the Humboldt Smelter property, 
flowing through the southwest corner.  A tailings dam located on the smelter property within the 
Chaparral Gulch has retained tailings from both the Iron King Mine and Humboldt Smelter 
properties.  The Chaparral Gulch flows into the Agua Fria River approximately ¼ mile 
downstream of the Chaparral Gulch dam.  The Agua Fria River also flows from the north to the 
south along the eastern boundary of the Humboldt Smelter property.  The Galena Gulch flows 
from west to east along the southern boundary of Iron King Mine before it crosses under 
Highway 69; eventually, the Chaparral Gulch meets with the Agua Fria River south of the Site.   

1.2.1.4 Off-site Soil 

The Off-site Soil AOI includes residential, background, and ancillary properties in the vicinity of 
the Iron King Mine and Humboldt Smelter (see Figure 1-2).  Residential properties and the Town 
of Dewey-Humboldt are located immediately adjacent to and between the mine and smelter.  
Background areas were mainly located to the south and west of the Iron King Mine and 
Humboldt Smelter.  Additional areas that may be associated with former mining operations were 
located to the south of Iron King Mine.   
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1.2.1.5 Ground Water 

Ground water is found in the shallow alluvial and deeper bedrock aquifers in the vicinity of the 
Site.  Both shallow alluvial and deeper bedrock wells are being used for domestic use of ground 
water in the vicinity of the Iron King Mine and Humboldt Smelter.  Given the topography, 
complex nature of the formations at the Site, and paucity of well construction information, there 
is a moderate degree of uncertainty regarding the identification of wells as either shallow alluvial 
or deep bedrock wells.   

1.2.2 Operational History 

Information regarding the operational history of the Iron King Mine and Humboldt Smelter was 
gathered from numerous sources.  Due to the long and complex history of these facilities, there 
are multiple accounts of historical events, so some discrepancies are inevitable.  A summary of 
the operational history for the Iron King Mine and Humboldt Smelter is provided below.  A more 
detailed history is provided in the Cultural Resource and Historic Building Survey (ACS 2008), 
which is attached in Appendix A-1.   

1.2.2.1 Iron King Mine 

The Iron King Mine was significantly involved in the development of the Big Bug Mining 
District, beginning with the discovery of an ore outcropping in 1880.  The American Gold and 
Copper Consolidated Mining Company started the first large scale production at Iron King in 
1906.  The company concentrated oxide ores taken near the surface and used cyanide treatment 
to recover small amounts of gold and silver.  At this time, there was a miner’s camp of about 
300, including 140 employees of the mine.  There was considerable activity at the Iron King 
Mine until about 1910, when production slowed.  In 1915, production ceased altogether and the 
mine closed.  For the next ten years, little to no activity occurred at the mine. 

By 1922, a New York based partnership of Bell, Doht, and Runyan owned the mine, which was 
leased to the Southwest Metals Company, who was the operator of the nearby Humboldt 
Smelter.  Southwest Metals used the Iron King Mine as a source of low grade sulphide ore for 
flux in the smelter’s blast furnace, but the high pyrite content of the ore provided unsatisfactory 
results.   

As new manufacturing technology was developed in the 1930s, demand grew for lead and zinc 
and important industrial metals.  In 1937, several investors purchased the mine and formed the 
Iron King Mining Company.  By 1939, the Iron King Mine employed 65 men and was the largest 
producer of lead and zinc in Arizona.  A cyanide plant was added to treat zinc tailings for 
additional recovery of gold.  In 1941, the mine produced 1.5 million pounds of zinc and 400 
thousand pounds of lead, with small amounts of gold and silver as secondary products.  After 
numerous plant expansions, the Iron King Mine was producing 200,000 tons of ore by 1950.  In 
1950, the mine yielded 20 thousand ounces of gold, 800 thousand ounces of silver, 10 million 
pounds of lead, and 20 million pounds of zinc.  In 1942, the company expected to increase 
production, but had financial difficulties.  Therefore, on 1 July 1942, Shattuck-Denn Mining 
Corporation purchased the property and continued operation. 
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By the late 1950s, most mining activity in the surrounding area had ended.  However, the Iron 
King Mine continued to operate at full production levels, employing 225 workers.  By the end of 
the decade, the Iron King Mine produced most of the zinc and lead in Arizona and was the 
state’s largest silver producer and third largest gold producer.  

Since the late 1950s, underground development at the Iron King Mine was done with traditional 
vein mining techniques of square set and horizontal cut-and-fill stopping.  Additionally, block 
caving in the lower levels at the north end of the mine set off a chain of events causing all levels 
to collapse, creating a huge glory hole. 

By 1962 the ore grade began decreasing when the mine reached 2,400 feet below the 
surface (bgs).  At the same time, mining costs were rising while prices for metals were declining, 
and operations at Iron King were no longer profitable.  Shattuck-Denn Mining Corporation’s 
revenue and profits fell sharply.  In late 1967 the company announced that it would close the Iron 
King Branch.  The underground mine works had reached a final depth of 3,250 feet below the 
surface and a horizontal length of 1,600 feet, with 40 miles of shafts, drifts, crosscuts, raises, and 
winzes. 

In March 1968 the Utah-based partnership of McFarland and Hullinger entered into a 5-year 
lease agreement with Shattuck-Denn Mining Corporation that would allow them to reopen the 
Iron King Mine.  However, the venture was not profitable, and McFarland and Hullinger closed 
down their short-lived business at the end of the year.  However, Shattuck-Denn Mining 
Corporation did not halt all work at the site.  It had operated a small fertilizer plant that produced 
a high-quality iron-based soil supplement extracted from the mill tailings.   This product (Iron 
King Superferrite) was marketed by Occidental Chemical Company in Western states where 
alkaline soils required sulfur-based supplements.  In 1974, Ironite Products Company of 
Scottsdale bought Shattuck-Denn’s superferrite fertilizer plant. 

A German company, Metex Ltd., acquired rights to the some of the tailings at Iron King in 1979 
and began evaluating their suitability for reprocessing.  Satisfied with the results of their 
research, the company bought the Ironite fertilizer operations.  Metex developed a process of 
leaching the tailings, which had high iron and zinc content, with ammonium thiosulfate.  This 
recovered residual gold and silver from the tailings and resulted in a high quality fertilizer and 
soil supplement.  A $7 million expansion of the plant in 1988 allowed the company to produce 
up to 200,000 tons of Ironite per year.  The soil supplement plant is now operated by North 
American Industries (NAI), which produces Hydromax fertilizers and soil supplements. 

1.2.2.2 Humboldt Smelter 

The first ore processing activity on the Humboldt Smelter property began in the 1870s with a 
water-powered stamp mill and smelter furnace on the Agua Fria River.  The Agua Fria Ore Mill 
operated from about 1876 to 1884, smelting silver from the Silver Belt Mine and from the 
Chaparral Gulch Shaft.  Cuts and features associated with the mining activity still exist, but no 
structural remains of the Agua Fria Ore Mill are evident, ostensibly due to frequent flooding on 
the Agua Fria River in the early 20th century. 
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The Val Verde Copper Company, Ltd. was formed in the spring of 1899 to construct a large 
smelter to serve the numerous mines in the area.  In July 1899, the Colorado Fuel & Iron 
Company began construction of the mills and furnaces.  By August much of the smelter complex 
was completed and a 1.5-mile rail spur, known as the Smelter Spur, connected the site to the 
Prescott and Eastern Railroad.  The company, now known as the Val Verde Smelting Company, 
also built a town north of the smelter to house the workers.  The smelter began operation in 1901 
and performed custom milling and smelting (primarily copper) for many small mines.  The 
complex also included a concentrating plant operated by the Standard Smelting and Refining 
Company, where a battery of crushers reduced the ore to a fine grit before it was fired in a blast 
furnace to produce metallic copper.  Fires destroyed the smelter and surrounding buildings in 
1904.  

In 1905, the Arizona Smelting Company (ASC) was formed to build a new smelter near the site 
of the destroyed Val Verde Smelter.  Two large furnaces for processing copper and lead were 
completed in 1906.  The ASC smelter was apparently the first to successfully use crude oil as the 
primary fuel for reverberatory type furnaces.  The Arizona Exploration Company sought an 
interest in ASC and the company was reorganized as the Consolidated Arizona Smelting 
Company (CASC).  Production was sporadic through the first year of operations.  The Panic of 
1907 brought a sudden decline in copper prices so the smelter closed down in October 1907. 

The smelter plant was rehabilitated and resumed operations in 1910.  The reopening brought an 
immediate boom of the Town of Dewey-Humboldt.  The smelter was again shut down in 1911 
for expansion and improvements.  The mechanical operations of the plant were originally 
powered by steam, but new electrical motors were installed as the smelter was connected to 
electrical transmission lines.  In addition to the crushers and classifiers used to reduce the ore, the 
complex had a reverberatory furnace, blast furnace, roasting plant, and a flotation mill capable of 
handling 400 tons per day (TPD).  To maintain the steadily increasing operations at the plant, 
CASC provided housing for the general manager, superintendents, and engineers on a hilltop 
south of the smelter works known as Nob Hill.  As prevailing winds blew to the north, they 
seldom had to contend with the sulfuric fumes from the smokestacks.  

The advent of the First World War I brought great demand for copper.  As the price rose, the 
smelter quickly upgraded equipment to increase production to 1,000 TPD.  In its peak production 
years in 1916 and 1917, CASC produced 30–35 tons of blister copper (98% pure metallic 
copper) per day, which with steady operation would produce 2 million pounds of copper bullion 
per month.  By 1918, the smelter was performing work for at least 69 mines. 

When the war ended in 1918, demand for copper immediately dropped and production was no 
longer profitable.  CASC closed the smelter in 1920 and sought bankruptcy protection.  In 1922, 
the Southwest Metals Company leased the Humboldt Smelter from CASC.  Production resumed 
for about two years, but the two company mines were nearly depleted by 1924 and the smelter 
was shut down.  The smelter was operated sporadically to serve about 50 other mines in the 
region until 1927, when much of the equipment was removed and installed in the Phelps Dodge 
smelter at Clarkdale.  The frame homes on Nob Hill moved to Prescott and other nearby 
communities and the Town of Dewey-Humboldt became largely deserted.  The smelter was 
refitted in 1929 and was put into operation a few times in the 1930s, but it closed again in 1937.   
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The property was used for metal processing and other industrial activities in later decades; 
however, new equipment had to be brought in for each operation.  C.H. Dunning, a Phoenix 
mining engineer and citrus farmer, acquired a lease on the property in 1942.  Throughout the 
Second World War, he reworked the tailings on the property using flotation cells to extract the 
remaining copper.  The copper concentrates were shipped to the Phelps Dodge smelter at 
Clarkdale, where some gold and silver were also recovered. 

By the time that World War II ended, all of the buildings that had been associated with the 
CASC smelter had been demolished to reduce the taxable value of the property.  Only two tall 
brick smokestacks remained: one of the original 1899 Val Verde Smelter and the large 1917 
stack of the CASC Smelter.  In 1955 the older Val Verde stack was condemned as structurally 
unsafe and was demolished. 

Several other small-scale industrial businesses occupied the property over the next 20 years.  
A.L. Poarch set up a plant to treat tailings from the nearby Iron King Mine in 1958 under the 
name Southwestern Industrial Iron and Chemical Company.  Machinery was delivered, but never 
installed.  In June 1958, Poarch declared bankruptcy and the machinery was sold at auction.  
H.K. Thomas purchased Poarch’s interest in the property in 1961, which included steel 
buildings, ore, and 50 tons of zinc dross.  Thomas planned to process the dross into metallic zinc.  
By 1962, Thomas’ Chem-Metal Company was using hydrochloric acid to leach zinc concentrate 
from the dross.  It also started processing aluminum dross and scrap shipped from Texas.  Chem-
Metal, renamed Thomas Enterprises in 1965, maintained these operations until about 1970.   

In later years, the Galbraith Lumber Company of Phoenix purchased the 190-acre smelter 
property and produced wooden pallets until about 1974.  In 1990, the property was placed into 
the Bagby Family Trust.  In 2003, Greenfields Enterprises, LLC (Greenfields) purchased the 
property.  No businesses are currently operating on the property. 

1.2.3 Current Operations 

An account of the current operations for the five AOIs is provided below.  The parcel property 
boundaries that form these AOIs are presented on Figure 1-2.  Additional information regarding 
the current operations and use will be provided in a Reuse Assessment, which is being prepared 
for the Site by E2, Inc. 

1.2.3.1 Off-site Soil AOI 

The Off-site Soil AOI encompasses the land surrounding the Iron King Mine, Humboldt Smelter, 
and Waterway AOIs.  Although the current land use in the vicinity of the Site is predominantly 
residential, there are some commercial/industrial properties.  A few of the neighboring properties 
are also utilized for recreational purposes, often by trespassers. 

1.2.3.2 Ground Water AOI 

The Ground Water AOI includes both shallow alluvial and deep bedrock ground water.  Ground 
water at the Iron King Mine and Humboldt Smelter AOIs is not currently being utilized.  
However, ground water in the Town of Dewey-Humboldt is being utilized for a variety of 
purposes (e.g., municipal or residential).  Although ground water originates from the shallow 
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alluvial and deep bedrock ground water, most of the wells do not have reliable construction 
details.  Generally the deeper bedrock ground water wells are being utilized for municipal, 
domestic, and or industrial use.  The shallower alluvial aquifer has lower yield and is utilized 
less. 

1.2.3.3 Waterways AOI 

The Waterway AOI includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and adjoining 
drainage channels and outfalls.  Although these waterways are being evaluated separately from 
the remaining AOIs, the Waterway AOI is not wholly owned by a single entity, but is an 
amalgamation of dozens of separate/adjoining properties.  Nevertheless, laws and regulations 
regarding the utilization of navigable waterways still apply to the Waterway AOI.  

1.2.3.4 Humboldt Smelter AOI 

The Humboldt Smelter AOI encompasses several properties.  The majority of the Humboldt 
Smelter AOI is owned by Greenfields Enterprises, LLC, who purchased the property in 2003.  
No businesses are currently operating on the property. 

1.2.3.5 The Iron King Mine AOI 

The Iron King Mine AOI encompasses several properties, including the Iron King Mine Proper 
Area, Iron King Mine Operations Area, Former Fertilizer Plant Area, Salvage Yard, and 
ancillary associated properties.  A description of the areas within the Iron King Mine AOI is 
provided below. 

The present owner of this facility is North American Industries (NAI), which produces 
Hydromax fertilizers and soil supplements.  Previous ownership included Ironite Products 
Company, who marketed Ironite fertilizer from tailings between 1989 and 2006.  Fertilizer was 
processed by mixing tailings with sulfuric acid, urea, and water; the tailings were later dried, 
sized, and packaged for sale.  Wastewater was sent to a settling tank and then pumped to 
wastewater tanks, where it was allowed to evaporate; the sludge was fed back into the process.  

The Iron King Mine Proper  Area 

After the mine closed, the Iron King Laboratory conducted analyses of core samples on the 
property through the mid-1990s.  In 2000, the present owner, Kuhles Capital, LLC (Kuhles), 
acquired the property and operated the Iron King Waste Reduction Facility.  The Solid Waste 
Permit Application stated that this facility would sort wastes, send recyclable materials off-site 
for further processing, and ship unacceptable materials off-site.  From June 2002 through 
September 2005, Kuhles operated a construction debris landfill, which utilized the glory hole for 
disposal.  Wood and drywall were ground to produce a soil stabilizer. Kuhles also operated a 
recycling business.  Currently, there are a few operating industrial business on the property. 

Iron King Mine Operations Area 
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The Shattuck-Denn Mining Company began operating the original fertilizer plant in 1963.  
Ironite acquired the property in 1974 and operated it until 1988.  Ironite sold the property to a 
private owner in 1998.  Aqua Tec, LLC, operated a permitted septage treatment facility on the 
property from 2003 until 2005.  Waste solids from the septage treatment facility were shipped 
off-site to the Wolf Creek solid waste landfill.  Clarified liquids were piped off-site for non-
potable uses.  There are no businesses currently operating on the facility.  

Former  Fer tilizer  Plant Area 

The Salvage Yard is currently operated by Iron King Auto.  As recent as 2002, a portion of this 
area was briefly operated by Pace Preparatory School.  

The Salvage Yard 

1.2.4 Previous Investigations 

Site characterization activities at the Site date back to the late 1990s.  Previous investigations by 
the Arizona Department of Environmental Quality (ADEQ) and EPA are as follows: 

• Phase 1 Environmental Site Assessment (ESA) for the Ironite Products Facility (AGRA 
Earth and Environmental [AGRA] 1998) 

• Phase 1 ESA for the Iron King Smelter/Mill Site (Hoque & Associates 2002) 

• Preliminary Assessment/Site Inspection (PA/SI) of the Iron King Mine (ADEQ 2002a) 

• Phase 2 Sampling Report for the Iron King Smelter/Mill Site (Hoque & Associates 2003) 

• PA/SI of the Humboldt Smelter (ADEQ 2004) 

• Soil Removal Assessment (Ecology and Environment 2005) 

• Expanded Site Inspection (ESI) of the Iron King Mine/ Humboldt Smelter (ADEQ 2006). 

Key findings and elements of each of these investigations are summarized below. 

1.2.4.1 Phase 1 Environmental Site Assessment (1998) 

AGRA prepared a Phase 1 ESA for the Ironite Products Facility in 1998 (AGRA 1998).  The 
report was prepared based on a review of available records, visual observations of the area, and 
personal interviews.  No samples were collected.  The following recognized environmental 
conditions (RECs) were identified:   

• Samples of storm water runoff or water in catchment basins have not been collected and 
analyzed for inorganic parameters to determine the potential for exceedances of water 
quality standards.  There is no mention made regarding a National Pollutant Discharge 
Elimination System (NPDES) permit for the Ironite Products Facility. 
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• A potential Resource Conservation and Recovery Act (RCRA) violation was identified 
by the numerous improperly labeled drums and other small containers of waste materials, 
some uncovered or severely rusted, that were not within a designated containment area. 

• The laboratory sink and floor drain lead to a septic system.  Therefore, there is a potential 
for any chemicals disposed of at these locations to eventually be released to subsurface 
soils. 

• Three unused wells on the property are a potential threat to ground water if the wells are 
not properly abandoned. 

1.2.4.2 Phase 1 Environmental Site Assessment (2002) 

Hoque & Associates prepared a Phase 1 ESA for the Iron King Smelter/Mill Site in 2002 (Hoque 
& Associates 2002).  The report was prepared based on readily available information and field 
observations.  The following RECs were identified:   

• Large areas of exposed surfaces of apparent mine tailings, smelter ash, and smelter slag 

• Many small and large piles of apparent smelter ash 

• Piles of apparent assay laboratory materials strewn sporadically 

• White powdery solid material contained in rusty barrels 

• Protruding pipes (capped and uncapped) from the ground near the abandoned metal 
building, indicative of underground storage tanks (UST) 

• Oil stained soils beneath the cargo truck box used to store used oil 

• Diesel fuel stained soil beneath a 1,000 gallon frame mounted above-ground storage tank 
(AST). 

1.2.4.3 Preliminary Assessment/Site Inspection Report (2002) 

The ADEQ prepared a PA/SI of the Iron King Mine and Tailings site in 2002 at the request of 
the EPA to gather information on soil, ground water, sediment, and surface water (ADEQ 
2002a).  Sampling was conducted in April and May 2002 with the objective of determining 
whether hazardous substances had been released to surface and subsurface soils, sediments, 
surface water, and ground water.   

Surface and subsurface soils samples were collected from 21 locations including the large tailing 
pile, ponds, Ironite plant area, former assay laboratory, former mill site, former fertilizer plant, 
stained soil area at the former Iron King Mine, the water rock pile on the Nolan property, the 
nearby school yard, and background areas.  Ten sediment samples were collected from upstream 
and downstream of the Site from the Agua Fria River, Chaparral Gulch, and an unnamed stream 
west of the Site.  Surface water samples were collected from the Agua Fria River above, below, 
and at its confluence with Chaparral Gulch.  Ground water samples were collected from three 
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wells located upgradient and downgradient of the Site.  The well locations included a 
background well, the old Ironite production well, and the Humboldt schools well.  A fourth well 
(Kuhles Well) was found to be dry. 

Based on the samples collected ADEQ identified the following hazard substance sources: 

• Large tailings pile 
• Ponds and sediments adjacent to large tailings pile 
• Waste rock pile #1 
• Assay laboratory waste dump 
• Stained soil in waste rock pile #1 
• Sediments in unnamed stream adjacent to waste rock pile #1 
• Gray berm (berm that separates the Ironite and Kuhles properties)  
• Glory hole 
• School yard 
• Sediments in Chaparral Gulch. 

 
At each of these sources, heavy metals including antimony, arsenic, cadmium, lead and/or 
mercury exceed EPA and/or ADEQ benchmarks.  ADEQ also documented a release of arsenic to 
the Ironite production well above EPA benchmarks.  ADEQ was unable document a release of 
contaminants from the Site to surface water, but did note that arsenic, lead, mercury, and 
cadmium were released to sediments in Chaparral Gulch.   

1.2.4.4 Phase 2 Sampling Report (2003) 

Hoque & Associates prepared a Phase 2 Sampling Report for the Iron King Smelter/Mill Site in 
2003 (Hoque & Associates 2003) to address the following RECs:  

• Large areas of exposed surfaces of apparent mine tailings, smelter ash, and smelter slag 
• Many small and large piles of apparent smelter ash 
• Piles of apparent assay laboratory materials strewn sporadically 
• White powdery solid material contained in rusty barrels. 

 
In November 2002, surface sampling was conducted.  Samples were collected from the apparent 
mine tailings, smelter ash, smelter slag, assay laboratory wastes, and the white powdery material, 
as well as background samples of native soil.  All samples were analyzed for cyanide and/or 
RCRA metals (arsenic, barium, cadmium, chromium, lead, selenium, silver, and mercury).  In 
addition one sample of black material in the tailings deposit was analyzed for hydrocarbons. 

Only one sample contained cyanide at or above the laboratory method detection limit (MDL); the 
reported concentration (1.2 milligrams per kilogram [mg/kg]) was well below the ADEQ non-
residential soil remediation level (SRL) of 14,000 mg/kg.  No hydrocarbons were detected in the 
black tailings material sample.  All of the samples contained one or more of the RCRA metals 
exceeding the average background levels and/or ADEQ non-residential SRLs.  The sampling 
results indicate a number of metals were present at concentrations above background levels.  
Also, arsenic and lead exceeded ADEQ non-residential SRLs.   
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1.2.4.5 Preliminary Assessment/Site Inspection Report (2004) 

The ADEQ performed a PA/SI of the Humboldt Smelter in 2004 at the request of the EPA 
(ADEQ 2004) to determine in there had been a release of hazardous material to the unsaturated 
zone from the Site.  The January 2004 sampling effort included collection of subsurface soil 
samples and surface water samples.   

Subsurface soil samples were collected from the ore pile number one, evaporation pond at the 
assay lab discharge pipe, large ash pile, gray ash, large tailings pile, retention basin, school yard, 
two private residences, and background locations.  In addition, sediment samples were collected 
from Chaparral Gulch and Agua Fria River.  The samples were analyzed for semi-volatile 
organic compounds (SVOCs), total metals and cyanide.  The sample results indicate the presence 
of arsenic, barium, cadmium, chromium, copper, lead, mercury, and zinc above the background 
concentrations.  No SVOCs were detected in the samples.  Samples from the tailing and ore 
piles, and from Chaparral Gulch also exhibited elevated arsenic concentrations.  Samples from 
the school yard indicate the screening level criteria have been met for observed contamination of 
lead and zinc. 

Surface water samples were collected from two locations along the Agua Fria and one location in 
Chaparral Gulch and analyzed for SVOCs, total metals and cyanide, dissolved metals, and 
anions.  No SVOCs were detected in the samples.  Sulfate was present in noteworthy 
concentrations, but does not have numeric standard.  The surface water sample collected in 
Chaparral Gulch downstream of the dam contained dissolved arsenic at 53.7 micrograms per 
liter (µg/L), above the surface water standard of 50 µg/L and met the criteria for an observed 
release. 

1.2.4.6 Soil Removal Assessment (2005) 

In August 2005, EPA Superfund Technical Assessment and Response Team conducted a 
removal assessment of surface soils at residential properties along Chaparral Gulch at the request 
of ADEQ (Ecology & Environment 2005).  The assessment objective was to determine the level 
of arsenic and lead contained in the soils of 16 privately owned residential properties and 1 horse 
pasture along Chaparral Gulch resulting from erosion and tailings upset events from the Iron 
King Mine. 

Samples were collected in August 2005 from 153 surface locations and 17 subsurface locations 
along the Chaparral Gulch investigation area.  This included nine surface samples and one 
subsurface sample from each of the properties.  The samples were analyzed for lead and arsenic.  
In addition, surface and subsurface background samples were collected from two separate 
locations, and eight bias samples were collected.  Additional surface residential samples were 
collected near the smelter.  The bias smelter samples and one of the background sample locations 
were analyzed for total metals as well. 

Samples results were compared to previously-established background arsenic and lead 
concentrations of 30.72 mg/kg and 20.05 mg/kg, respectively as well as the 2002 EPA Region 9 
residential preliminary remediation goal (PRG) for arsenic (22 mg/kg) and lead (400 mg/kg).  
Based on these results, eight of the properties had an average arsenic concentration significantly 
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greater than background (and thus above the lower PRG).  One sample had a lead concentration 
above the action level, but the average lead concentration for the property was well below the 
residential PRG, suggesting that the high lead value was likely due to property specific activities 
and not from the Iron King Mine.  Compared to background lead concentrations, there were no 
significant differences noted at any of the residential property sample locations.  The bias smelter 
samples contained lead and arsenic concentrations similar to the residential properties along 
Chaparral Gulch. 

Subsurface soil results indicated one property with elevated arsenic and lead concentrations.  
This property is located directly adjacent to Chaparral Gulch.  All other subsurface sampling 
locations had arsenic and lead concentrations that were not significantly different from 
background, indicative of surface contamination being confined to the top 1.5 feet.  

A potentially responsible party (PRP)-lead removal action by Ironite was conducted in 2006 to 
remove contaminated soil from four residential properties.  Staff from EPA’s Office of 
Emergency Response supervised the sampling and removal of the contaminated soil conducted 
by the PRP’s contractor, Brown and Caldwell.   

1.2.4.7 Expanded Site Inspection (2006) 

The ADEQ prepared an ESI (ADEQ 2006) of the Iron King Mine and Humboldt Smelter at the 
request of the EPA to gather ground water data and conduct ancillary investigatory activities at 
the Site.   

The January and February 2006 sampling effort included collection of ground water samples to 
evaluate the presence of cyanide and metals.  Samples were collected from 12 drinking water 
wells that included the main and backup wells of the Humboldt Water System and 10 private 
domestic wells.  The ground water samples were analyzed for total metals and cyanide.   

Arsenic concentrations were found to be above EPA National Primary Drinking Water 
Regulation Maximum Contaminant Levels (MCLs) in five samples including a background 
sample, and lead concentrations were above EPA MCLs in one sample.  Therefore, a second 
sampling effort was conducted in May 2006 to further evaluate the presence of metals and 
cyanide in ground water.  Samples were collected from four wells (three domestic wells and one 
irrigation well), and two background wells (both domestic wells).  The water samples were again 
analyzed for total metals and cyanide.  Arsenic concentrations were found to be above the MCL 
in all samples.  Detectable concentrations of copper, lead, mercury, and selenium were present in 
some of the wells, but were below benchmarks.  Observed release criteria were met for arsenic, 
boron, cobalt, copper, cyanide, lead, manganese, mercury, molybdenum, nickel, selenium, 
sodium, and/or vanadium in two non-potable wells and five drinking water wells. 

The following hazard substance sources associated with the Site were identified by ADEQ: 

• Large tailings pile on the Ironite property 
• Small tailings pile adjacent to the Ironite property 
• Waste rock pile at the Iron King Mine and Former Fertilizer Plant and 
• Mining waste in the Humboldt Smelter area. 
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1.2.5 Regulatory Framework  

The following subsections detail the main regulatory actions that have been undertaken at the 
Site.  To the degree possible, these actions are separated by regulatory agency, although in some 
instances both the ADEQ and EPA were involved. 

1.2.5.1 Arizona Department of Environmental Quality 

ADEQ’s involvement at the Site dates back to at least 1989, with the following key activities that 
were described in the ESI Report (ADEQ 2006).  Electronic copies of the ADEQ’s enforcement 
documents are provided in Appendix A-2. 

• Iron King Mine Proper Area – Ironite (Currently NAI):   

— The Ironite property previously held an Air Quality Permit with the ADEQ Air Quality 
Division.  During the site inspections conducted in 1992, 1994, 1997, and 1999, the 
Ironite property was in compliance with the permit.  A Notice Of Violation (NOV) was 
issued for the property in 1995, but the problem was satisfactorily addressed. 

— Numerous complaints regarding blowing dust on windy days were received by the ADEQ 
in 1997 while construction was ongoing.  During the 1997 ADEQ site inspection of the 
Ironite facility, State personnel observed that the entrance road was paved, which they 
suspected would reduce the amount of blowing dust.  At that site inspection, Ironite also 
indicated that their personnel would spray water on the unpaved areas to reduce dust 
emissions on windy days. 

— As a result of the PA/SI performed by ADEQ (ADEQ 2002a), Ironite received 
notification from EPA requesting additional site characterization.  The Ironite Property 
was proposed for inclusion in the ADEQ's Voluntary Remediation Program (VRP), 
which was accepted on 15 September 2003  Ironite proposed to collect samples to: 
determine the impact of storm water runoff and dust from the Ironite property to adjacent 
properties; determine whether controls are necessary to protect ground water; to ensure 
planned and existing dust and storm water controls are adequate to protect adjacent 
properties; and, to obtain a finding of no further action from ADEQ.  In 2008, Brown and 
Caldwell performed site characterization activities under the Revised Ironite 
Environmental Project Work Plan (Brown and Caldwell 2007). 

— ADEQ's Water Quality Division (WQD) conducted inspections at the Ironite property in 
1989, 1995, 2003, and 2005.  On 31 March 2003, an NOV was issued for releases from 
the Ironite property into an unnamed wash, tributary of Chaparral Gulch.  Subsequently, 
the Ironite facility made modifications to achieve compliance and received a Multi-Sector 
General Permit for storm water discharges associated with industrial activity.  Ironite 
constructed berms to retain storm water discharges and fulfilled the ADEQ obligations 
regarding storm water discharge. 

— Air quality permit violations were noted at the Ironite property during an inspection on 16 
March 2006.  An NOV was issued by ADEQ dated 25 April 2006.  The NOV is currently 
open.   
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— On 12 February 2007, an NOV was issued by ADEQ because Revised Permit 
Number 31686 for air pollutants was issued on 11 November 2005, but the facility did 
not submit the applicable speciated metal test results by 15 May 2006.  The NOV is 
currently open. 

• Iron King Mine Operations Area – Kuhles Capital, LLC:   

— During a 1998 ADEQ site inspection, State personnel observed two piles of drums that 
may have contained cyanide situated north of the glory hole.  These drums were not 
noted during the ADEQ site inspection performed in 2001, although State personnel 
noted that the waste rock pile where the drums had been stored was stained.  The present 
owner, Kuhles, indicated to State personnel that all scrap metal had either been recycled 
or stockpiled on the property. 

— During a 1998 ADEQ site inspection, State personnel observed stains around the Iron 
King Mine laboratory, the east side of the mechanical room, next to the new change 
room, and close by mineshaft number 6.  In addition, a gray berm was observed along the 
boundary of the Iron King Mine Operations Area and Large Tailings Pile.  State 
personnel also noted a wash flowing from north to south on the west side of the Iron King 
Mine Operations Area. 

— During a 1998 ADEQ site inspection at the Iron King Mine property, State personnel 
observed small containers that appeared to contain laboratory chemical waste on the 
ground near the Iron King Mine assay laboratory.  A follow-up letter was sent to the 
property owner and EPA was provided notice of the discovery by ADEQ.  The 2002 
Phase I Environmental Site Assessment (ESA) prepared for the Ironite Products Facility 
specified that laboratory wastes were stockpiled, graded, and spread out over an area 250 
feet wide by 100 feet long; during a 2001 ADEQ site inspection this stockpile was not 
observed. 

— An aquifer protection permit (APP) application for a proposed construction debris landfill 
was submitted by Kuhles to the ADEQ Solid Waste Section in May 2001.  The 
application proposed to open a waste processing facility to send recyclable materials to 
recyclers and place construction debris into the glory hole.  Other types of wastes would 
not be accepted.  The APP (Permit No. 50409700A) was approved by ADEQ in January 
2002, but was appealed in May 2002 by the Dewey-Humboldt Community Organization.  
ADEQ completed inspections of the landfill in August 2002, October 2003, and August 
2004, and determined it was in compliance.  A modification was approved by the ADEQ 
in July 2003 to allow expansion of the landfill by approximately 10 percent.  A proposed 
amendment to open a new 22-acre landfill east of the existing landfill was submitted by 
Kuhles in October 2004.  

— On 10 November 2003, a NOV was issued for releases from the Iron King Waste 
Reduction and Recycling Facility into an unnamed wash, tributary of Galena Gulch. 

— On 11 July 2005, ADEQ conducted an inspection of the landfill.  During the inspection, 
the SWICU observed that inadequate cover was being applied to the landfill, no landfill 
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gas monitoring records were present at the time of the inspection, no contingency plan 
was available onsite, and the facility failed to minimize windblown litter.  The facility 
violated their operation plan by failing to have inspection records, maintenance records, 
permits, licenses, and other records in the onsite office as required by the plan.  The 
facility also failed to notify ADEQ of a violation of their APP.  

— On 4 August 2005, ADEQ issued an NOV to the Kuhles Capital, LLC for failing to 
properly operate the landfill.  

— On 8 August 2005, ADEQ conducted a follow-up inspection to determine compliance 
with the August 4, 2005 NOV.  At the time of the inspection, the landfill was still 
accepting waste.  

— On 16 August 2005, ADEQ conducted a second follow-up inspection and determined that 
the landfill was still accepting waste.  

— On 8 September 2005, ADEQ conducted a third follow-up inspection to determine 
compliance with the NOV requirements.  At the time of the inspection, unacceptable 
waste items observed in the landfill included plastic containers and bottles, clothing, 
mattresses, waste tires, and other household items.  After reviewing the information 
collected from the inspection, ADEQ determined that the deadlines for most of the 
compliance issues had passed and the facility was being uncooperative.  Therefore, it was 
recommended to issue a compliance order to the facility. 

— On 6 September 2005, ADEQ issued a compliance order to Kuhles Capital, LLC. 

— On 16 September 2005, ADEQ conducted interviews with several past and current 
employees who worked at the landfill.  They stated that municipal waste, waste tires, 
wood chips, red bags of medical waste, and batteries were buried in the landfill.  

— On 21 September 2005, ADEQ conducted an inspection of the landfill and hand-
delivered a copy of the compliance order.  During the inspection, ADEQ observed a great 
deal of municipal solid waste and waste tires.  A strong odor of rotting municipal waste 
was noted.  Some of the municipal wastes observed were golf clubs, food and beverage 
containers, pillows, clothing, furniture, and other household items. 

— On 20 December 2005, an Administrative Law Judge Hearing upholds ADEQ’s 
compliance order. 

— On 23 January 2006, the Town of Dewey- Humboldt sends a letter to Kuhles notifying 
them that the Planning and Zoning Permit was revoked.  

— On 7 March 2006, ADEQ met with Kuhles Capital, LLC to inspect materials excavated at 
the landfill.  The material excavated included partially decomposed lumber and particle 
board, metal strapping, aluminum soft drink containers, plastic shrink wrap and bags, 
glass and plastic bottles and containers, plastic and steel pipe, construction wrapping and 
ribbon material, various forms and shapes of metal goods, green waste, glass mirror 
pieces, corrugated board, magazines, shoes, carpeting, furniture cushions and webbing, 
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corrugated plastic drain pipe, a dishwasher, monofilament line, an automotive oil filter, 
and other inert material. 

— On 6 June 2006, ADEQ sent the inspection report to Kuhles Capital, LLC that included 
the findings and required Kuhles Capital, LLC to submit a cleanup action plan to ADEQ 
within 30 calendar days of receipt of the letter. 

— On 25 July 2006, ADEQ conducted an inspection of the landfill.  On 11 October 2006, 
ADEQ issued an NOV for failing to properly operate a landfill.  The 11 October 2006 
NOV cited many of the same issues noted in the 11 July 2005 NOV.  

— On 28 February 2008, ADEQ issued Abatement order A-19-08 to Kuhles Capital, LLC.  
The order was issued to address matters related to a demolition of structures containing 
asbestos and lack of compliance with the Federal Asbestos National Emissions Standard 
for Hazardous Air Pollutants (NESHAP).  

— On 3 April 2009, ADEQ filed a lawsuit against Kuhles Capital, LLC for alleged 
violations related to improper demolition of structures containing asbestos and the 
disposal of construction debris/asbestos into the landfill.  

— On 11 November 2009, a Maricopa County Superior Court orders Kuhles Capital, LLC 
to comply with ADEQ's Abatement Order A-19-08 and to provide the necessary closure 
and post-closure plans for the Landfill.  The Court also fined Kuhles Capital, LLC 
$71,000 for the violations.  

— On February 11, 2010, ADEQ made a final decision to issue a revised APP to Kuhles 
Capital, LLC for the Landfill.  The revised APP allows for construction of a final cover, 
completion of other closure activities and requires post-closure monitoring of the landfill 
in accordance with specified conditions. 

— On February 27, 2010, Kuhles Capital, LLC submitted a NESHAP Notification for 
Renovation and Demolition Activities to ADEQ.  The Notification indicates that asbestos 
removal work will be conducted by an asbestos abatement contractor.  The work will be 
overseen by an ADEQ Asbestos Inspector.  

• Iron King Mine Former Fertilizer Plant Area – Aqua Tec Septage Treatment:   

— According to ADEQ records, the former owner of the Iron King Mine Former Fertilizer 
Plan (i.e., Ironite) provided a Notification of USTs to ADEQ.  However, USTs were 
subsequently removed. 

— An APP for the Aqua Tec Septage Treatment facility was signed by the ADEQ on 
16 October 2003.  A complaint regarding the facility was received by the ADEQ on 
22 August 2005.  ADEQ subsequently conducted a site inspection of the facility on 
23 August 2005.  State personnel noted that a combination of sludge, raw sewage, and 
storm water were overflowing the tanks and entering the wash running along the west 
side of the facility.  On 23 September 2005, a NOV was issued to Aqua Tec who 
subsequently ceased operation of the facility, drained the tanks, and constructed a berm 
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as corrective actions.  After the corrective actions were completed by Aqua Tec, the NOV 
was closed. 

• Humboldt Smelter – Greenfields:   

— On 2 December 2003, the ADEQ conducted an inspection of the Humboldt Smelter.  On 
30 August 2004, the ADEQ issued two NOVs for unpermitted releases of tailings to 
Chaparral Gulch and violation of Surface Water Quality Standards (SWQS). 

— On 3 May 2007, the ADEQ conducted an inspection of the Humboldt Smelter.  On 
22 May 2007, the ADEQ issued a NOV for failure to prevent excessive amounts of 
particulate matter from becoming airborne from tailings piles. 

1.2.5.2 U. S. Environmental Protection Agency 

The EPA’s involvement included the following key activities that were described in the ESI 
Report (ADEQ 2006) and other historical documents as cited below.  

The Ironite facility submitted a notice of intent for a general storm water permit under the 
NPDES in 1992.   

Iron King Mine Proper  Area – Ironite (Currently NAI)   

In a 1995 inspection of the Ironite facility, EPA personnel noted that runoff from the north side 
of the tailings piles would flow into retention pond 40-01A (see Figure 1-3); overflow from this 
retention pond and flow from the west side of the Ironite facility would then flow into retention 
pond 40-02A; and discharge from retention pond 40-02A would then flow though a metal culvert 
to a drainage channel that enters Chaparral Gulch.  Potential discharge from pond 40-02A into 
the Chaparral Gulch was not permitted.  In addition, both ponds were found to be filled with 
tailings.   

During the 1995 inspection, the EPA also noticed that retention pond 200-5S was collecting 
runoff from the tailings pile to the west.  Drainage from this pond could then discharge into a 
culvert beneath the plant entrance road and into another culvert along Highway 69.  Although 
retention pond 200-5S was dry, liquid (suspected to be natural ground water flow or discharge 
from the tailings) was flowing from the culvert beneath the plant entrance road.  The EPA 
observed this water flowing beneath   Highway 69, via a culvert, and into Chaparral Gulch.  As a 
result of this discovery, Ironite notified the EPA that they would close the culverts to prevent 
these unauthorized discharges.  Ironite personnel also indicated that they would prepare an 
application for an individual NPDES permit for discharge of storm water in emergency 
situations, which would include the storm water runoff from the tailings areas as well as the 
Ironite plant site.   

The EPA issued NPDES storm water permit No. AZROOA425 in 1995, which expired in 1997.  
Under this NPDES permit, the facility was authorized to discharge storm water only from the 
Ironite plant site.  Runoff from tailings piles, which was considered non-storm water, was not 
authorized under the NPDES permit.   
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During inspections of the Ironite property in 1998 and 2002, the ADEQ personnel noted that the 
culverts had not yet been closed but that pond 40-02A was no longer filled with tailing materials.  
In addition, approximately 2 feet of material had been removed from the northern portion of 
pond 200-5S to allow larger volumes of water to accumulate before discharge through the 
culverts was allowed to occur.  Ironite stated that the culvert was closed in 2005. 

In August 2005, the EPA finalized the Removal Assessment Report (Ecology and Environment 
2005) for residential properties in the vicinity of the Iron King Mine, along the corridor of 
Chaparral Gulch.  The report recommended Removal Action for four residential properties, 
which were impacted with elevated levels of arsenic in surface soil.  In a letter dated 3 April 
2006, the ADEQ submitted a Request for Federal Action to the EPA.  Subsequently, the EPA 
ordered Ironite to remove the contaminated soil from the four properties under an Administrative 
Order on Consent (AOC).  Ironite began the removal action under EPA’s oversight in July 2006.  

In 2001, EPA tasked the ADEQ to gather data from the soil, ground water, sediment, and surface 
water as part of a PA/SI and ESI.  The information gathered in the PA/SI is evaluated using 
EPA's Hazardous Ranking System (HRS).  The HRS is the primary method of determining a 
site's eligibility for placement on the EPA's National Priorities List (NPL), which is also known 
as the Superfund List.  

National Pr ior ities Listing 

After the PA/SI was conducted, EPA determined that the Site was eligible for the Superfund 
List.  From 2003 - 2007, ADEQ worked with current property owners to independently address 
contamination on their properties.  Despite these efforts, property owners did not make sufficient 
cleanup progress and EPA felt that the Site should be fully characterized, including residential 
areas and other properties which may have been historically impacted by mining and/or smelting 
operations.  EPA felt that Superfund listing was the only viable option for addressing the Site in 
a comprehensive manner.  

In June 2007, EPA requested Arizona Governor Napolitano’s concurrence to place the Site on 
the NPL.  In September 2007, Arizona Governor Napolitano consented.  On 19 March 2008, the 
EPA formerly proposed the Site the NPL and received public comments on this action.  On 
3 September 2008, the Site was formally placed on the NPL.  

1.3 REPORT ORGANIZATION 

This RI Report is organized to provide a foundation for the remedial alternative evaluation in the 
FS and support remedy selection in the ROD.  Section 2 provides a summary of the RI activities 
conducted by EPA.  The physical characteristics (e.g., geology, hydrogeology, etc.) of the Site 
are presented in Section 3.  In Section 4, an evaluation of the analytical data from historical and 
EPA RI activities is provided.  In Section 5, potential source areas are identified, the nature and 
extent of contamination is defined, and contaminant migration pathways are evaluated.  The 
Human Health Risk Assessment (HHRA) is provided in Section 6.  Section 7 contains the 
Screening Level Ecological Risk Assessment (SLERA) and Baseline Risk Assessment Problem 
Formulation (BRAPF).  The conclusions and recommendations are presented in Section 8.  
Section 9 contains Community Involvement Information.  References are contained in Section 
10.  
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2. EPA REMEDIAL INVESTIGATION ACTIVITIES 

This section presents a summary of the data collection activities conducted for the EPA RI 
investigation.  Activities can be grouped into three stages (i.e., project planning, data acquisition, 
and data evaluation), which work interchangeably to ensure that project objectives are satisfied. 

2.1 PROJECT PLANNING 

The following independent site-specific plans were prepared to present the overall approach for 
implementing the RI field program: 
 

• Health and Safety Plan (HSP) (EA 2008a) specifies employee training, protective 
equipment, personal air monitoring procedures, medical surveillance requirements, 
standard operating procedures, and contingency planning procedures; and 
 

• Site Management Plan (SMP) (EA 2008b) addresses site access, security, contingency 
procedures, management responsibilities, data management, and waste disposal. 
 

• Sampling and Analysis Plan (SAP) (EA 2008c) details the field sampling schedule, 
sample collection procedures, and analytical methods required to collect sufficient data to 
perform a RI/FS for the Site. 

 
The SAP (EA 2008c) was prepared in accordance with specifications provided in the EPA SOW 
dated 3 March 2008 (EPA 2009a) and the EPA-approved EA Work Plan (Revision 01) dated 22 
May 2008 (EA 2008d).  The SAP was combination Quality Assurance Project Plan (QAPP) and 
Field Sampling Plan (FSP).  Combining the QAPP and FSP into the SAP allowed a streamlining 
of the planning process, while ensuring that data collected was of sufficient quality for its 
intended use.  
 
The SAP describes procedures to assure that the project specific data quality objectives (DQOs) 
are met, and that the quality of data (represented by precision, accuracy, completeness, 
comparability, representativeness, and sensitivity) is known and documented.  The SAP presents 
the project description, project organization and responsibilities, and quality assurance (QA) 
objectives associated with the sampling and analytical services to be provided in support of the 
RI/FS. 
 
In accordance with the EPA-approved RI/FS Work Plan (Revision 01) (EA 2008d), EA 
incorporated the following technical documents into the SAP: 

• Conceptual Understanding of the Site (CUS) Technical Memorandum 
• Interim Measures Technical Memorandum 
• Uniform Federal Policy for Quality Assurance Project Plans Worksheets 
• Air Quality Monitoring Plan. 
 

The SAP was prepared in accordance with EA’s Quality Management Plan (EA 2005a) and met 
requirements set forth in EPA Requirements for Quality Assurance Project Plans for 
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Environmental Data Operation (QA/R-5) (EPA 2001a) and Guidance for Quality Assurance 
Project Plans (QA/G-5) (EPA 2002a).  
 
2.2 DATA AQUISITION 

Data acquisition was conducted during two field investigation phases.  Initial site 
characterization activities were conducted from August through October 2008.  After the data 
were evaluated, EPA formed a preliminary Conceptual Site Model.  Subsequently, EPA 
determined that data gaps existed which required additional characterization (data collection).  
This additional characterization was conducted as part of the data gaps sampling from December 
2008 through September 2009.  Although data acquisition was conducted during two phases, this 
distinction was not carried forth in the presentation to provide a holistic representation of the 
investigation. 
 
The following key activities were conducted by EPA during the investigation: 

• Media characterization of soil, sediment, surface water, ground water, and ambient air 
• Installation of ground water monitoring wells 
• Volumetric estimates of source areas 
• Storm water evaluation of drainage pathways 
• Cultural Resource and Historic Building Survey (ACS 2008) 
• Aerial Photographic Analysis (EPA 2008a) 
• Biological Evaluation (Envirosystems Management, Inc. 2009) 
• Riparian Evaluation and Jurisdictional Determination (Westland Resources, Inc. 2009) 
• Reuse Assessment (E2, Inc. 2009) 

A summary of the investigations is provided in the following sections.   

2.2.1 Media Characterization 

Soil, sediment, surface water, ground water, and ambient air were sampled and analyzed to 
characterize the chemical and physical characteristics of the media.  A summary of the 
characterization activities that were conducted during the two phases of the EPA RI field 
investigation is presented in the following sections.  Section 4 provides a summary of historic 
and EPA RI field investigation media samples that met data quality assessment (DQA) goals and 
are suitable for this RI Report; DQA was evaluated in the Data Evaluation Summary Report and 
Addendum (EA 2009b, c).    

2.2.1.1 Data Groupings 

During the course of the investigation, EPA identified five AOIs (see Figure 1-2): 

• Iron King Mine – Includes the Iron King Mine Proper Area, Iron King Mine Operations 
Area, Former Fertilizer Plant Area, Salvage Yard, and ancillary associated properties 

• Humboldt Smelter – Includes ancillary associated properties 
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• Waterways – Includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls 

• Off-site Soil – Includes residential, background, and ancillary properties 

• Ground Water – Shallow alluvium and deep bedrock ground water. 

Subsequently, these areas were further subdivided into individual exposure areas based on the 
historical use, presence of contaminants, potential reuse, regulatory differences, etc.  The data 
groupings are based on HHRA exposure areas; ecological exposure areas were presented in the 
SLERA.  

• Iron King Mine – Operations Area, Operations Area - Miscellaneous, Glory Hole, Mine 
Plant, Main Tailings Pile, Small Tailings Pile, Former Fertilizer Plant, and Salvage Yard 
(see Figure 2-1) 

• Humboldt Smelter – Tailings Pile, Ash Pile, Slag, Operations Area, and Off-site 
Migration (see Figure 2-2)  

• Iron King Mine and Humboldt Smelter Impoundments-Ponds – Surface water 
retention basins and associated outfalls/washes (see Figures 2-1 and 2-2) 

• Waterways - Galena Gulch, Agua Fria River, and Chaparral Gulch, which was further 
subdivided into the Upper, Middle, Lower, and Lower Dam – Confluence (see 
Figure 2-3) 

• Off-site Soil – Residential and Background Areas 

— Residential Areas – Off-site Soil Area 02 through 20 and Off-site Soil Area 101 
through 148 (See Figure 2-4) 

— Background Areas – Background Soil Type 1 through 3 and Off-site Soil 
Background H1 and H2 (see Figure 2-5) 

• Ground Water – Each ground water sampling location was evaluated separately. 

A summary of the data collected during the EPA RI field investigation is presented in Table 2-1.  
Data are also provided in electronic form in Appendix A-3.  The following sections present a 
summary of the data collected as part of the EPA RI investigation.  Sample locations are 
presented on figures in Section 5. 

2.2.1.2 Soil/Sediment Sampling 

During the RI field investigation, EPA collected soil and sediment samples from 0 to 0.5-feet 
bgs, surface soil samples from 0 to 2-feet bgs, subsurface soil samples from 2 to 10-feet bgs, and 
deep soil samples greater than 10-feet bgs.  Soil/sediment samples were analyzed for Target 
Analyte List (TAL) metals, synthetic precipitation leaching procedure (SPLP) metals, hexavalent 
chromium, volatile organic compounds (VOCs), SVOCs, pesticides/polychlorinated biphenyls 
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(PCB), pH, perchlorate, asbestos, dioxins/furans, acid base accounting (ABA), and 
nitrates/nitrite/sulfate analyses as presented in Tables 2-2 through 2-4. 

Subsurface and deep soil samples were collected using a track-mounted Geoprobe™ rig.  As the 
borings were advanced, the field geologist logged soil materials through the use of the Unified 
Soil Classification System (USCS).  The lithologic logging was useful in aiding in the 
determination of the near surface lithology (e.g., tailing or native material).  Copies of the boring 
logs accompany the field data sheets and digital photographs in electronic form in Appendix A-
4.  

A virtual random-start systematic sampling approach using Visual Sampling Plan (VSP) (Pacific 
Northwest National Laboratory 2007) was used to establish the random sample locations for the 
Iron King Mine and Humboldt Smelter.  Random sample locations were identified with the 
acronym “IKV” or “HSV”.  All other samples were biased or judgmental samples. 

Iron King Mine and Humboldt Smelter  AOI Sampling 

Biased or judgmental samples were selected based on historical site evidence (e.g., photographic 
documentation, previous sampling results, input from site stakeholders, etc.) during the Site 
reconnaissance with EPA concurrence.  The Aerial Photographic Analysis of Iron King 
Mine/Humboldt Smelter Superfund Site Report was also vital for identifying areas that may have 
been impacted by historic activities (EPA 2008a).  A higher percentage of the biased or 
judgmental samples were analyzed for organic compounds in areas where organics were used in 
historical processes or where the nature and extent of impacts was unknown (e.g., Iron King 
Mine Operations Area).  The tailings piles, ash piles, and slag piles were expected to present less 
variability so a lower percentage of the biased or judgmental samples were analyzed for organic 
compounds in those areas.  Similarly, subsurface soil collection was biased towards those 
locations that indicated potential anthropogenic impacts/contamination.  Deeper samples were 
collected in the tailings areas to evaluate subsurface soil impacts greater than 10 feet bgs and to 
estimate volumes of source material.        

Solid matrix samples collected from the Galena Gulch, Upper Chaparral Gulch, Middle 
Chaparral Gulch, Lower Chaparral Gulch, and associated background groups were considered 
both soil and sediment samples because they are dry for most of the year.  However, during 
periodic rain storms, these samples become wet and may be mobilized like sedimentary material.  
Therefore it was appropriate to evaluate them as both soil and sediment material.  The Lower 
Chaparral Gulch Dam-Confluence is wet and is an aquatic environment for most of the year, so 
the solid matrix samples were considered sediment.  Similarly, the solid matrix samples in the 
Agua Fria River were considered sediment only. 

Waterway Sampling 

Biased or judgmental samples were selected based on historical site evidence (e.g., photographic 
documentation, previous sampling results, input from site stakeholders, etc.) during the Site 
reconnaissance with EPA concurrence.  The Aerial Photographic Analysis of Iron King 
Mine/Humboldt Smelter Superfund Site Report was also vital for identifying areas that may have 
been impacted by historic activities (EPA 2008a).  Sediment samples were generally collected 
approximately every 400 to 500 linear feet along the Chaparral Gulch, Galena Gulch, and Agua 
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Fria River.  Sample locations were chosen to provide a good spatial distribution in pools, 
reaches, and inside of major bends.  In addition, sediment samples were collected from 
associated outfall/washes and background soil/sediment samples were collected from the 
Chaparral Gulch, Galena Gulch, and Agua Fria River. 

Residential, commercial, and public properties located in the Off-site Soil AOI were sampled to 
evaluate air or other deposition of metals from suspected source areas.  Parcels were selected 
based on the predominant wind direction, which is predominantly from the south-southwest, and 
proximity to the source areas.  Nine surface soil samples from the 0 to 2-inch depth interval and 
a single surface soil sample from the 10 to 12-inch depth interval were collected from 48 parcels 
(Off-site Soil Areas 101 through 148).  The shallow samples provide information about the 
spatial distribution of contaminants at the surface and the sample collected at depth provides 
information about the vertical distribution of contaminants.  The deeper depth interval was 
selected at random from beneath one of the nine surface sample locations.  The nine surface 
sample locations were evenly distributed across the yard, except for targeted placement near play 
structures or discolored or texturally different soil.   

Off-site Soil Sampling 

Background refers to substances or locations that are not influenced by the releases from a Site 
and are usually described as naturally occurring or anthropogenic (EPA 2002b). 

Background Surface Soil Sampling 

• Naturally Occurring – Substances present in the environment in forms that have not been 
influenced by human activity 
 

• Anthropogenic – Natural and human-made substances present in the environment as a 
result of human activities but are not specifically related to the CERCLA Site in question. 

Some chemicals may be present in background as a result of both natural and man-made 
conditions (such as naturally occurring arsenic, arsenic from pesticide applications, or smelting 
operations).   

Background samples are collected to evaluate the naturally occurring and anthropogenic 
contributions to the Site.  Generally, the type of background substance (natural or anthropogenic) 
does not influence the statistical or technical method used to characterize background 
concentrations. For comparison purposes soil samples should have the same basic characteristics 
as the site sample (i.e., similar soil depths and soil types).  The background areas evaluation 
included three surface soil types (i.e., Background Soil Type 1 through 3) that were sampled 
during the EPA RI field investigation.  Ten surface soil samples (0 – 2 feet bgs) were collected 
from each of three different soil types. All samples were analyzed for TAL metals and the 
Background Soil Type 3 samples were also analyzed for dioxins/furans because of their 
proximity to the Humboldt Smelter AOI. 

In addition, bedrock samples were collected to evaluate the native material at the Site.  The 
Background Soil Type 1 through 3 locations were selected by a background workgroup that 
consisted of representatives from the EPA, ADEQ, Bureau of Land Management, University of 
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Arizona, and EA.  Locations were selected based on the dominant geologic formations and soil 
types of the area.  Other considerations included proximity to the Site, distance from other 
anthropogenic disturbances, as well as accessibility (minor influence).  

The Background Soil Type 1 through 3 areas were from the Balon gravelly sandy clay loam 
(BgD), the Moano gravelly loam (MgD), and the Moano very rocky loam (MkF), which 
encompass approximately 70 percent of the surface area in the immediate vicinity of the Site.  
More importantly, the BgD map unit is interpreted as being the dominant soil type at the Iron 
King Mine, Humboldt Smelter, and Off-site Soil AOIs.  Additional information regarding 
regional soils is provided in the background and speciation evaluation report (see Appendix B) 
and NRCS soil resource report that is in electronic form in Appendix A-7. 

In the background and speciation report (see Appendix B), background threshold values (BTV) 
were calculated for the Background Soil Type 1 through 3 datasets.  The BTVs were calculated 
as the 95% Upper Prediction Limit (UPL) for a single independent observation.  For a given 
metal, the BTV represents a threshold value that indicates the sample dataset is not consistent 
with background.  In other words, exceedance of the BTV indicates that the soil was considered 
significantly greater than background soil.  In addition, a 95 percent upper confidence limit on 
the arithmetic mean (95% UCL) was calculated for the HHRA to evaluate the risk associated 
with exposure to background concentrations (see Section 6).  This information will be used to 
evaluate remedial decisions as appropriate.   
 
It should be noted that two groups of background soil samples were collected during previous 
investigations (i.e., Background H1 and H2).  However, the Background H1 samples were 
collected in a former Iron King Mine storm water migration pathway (see Aerial Photographic 
Analysis of Iron King Mine/Humboldt Smelter Superfund Site [EPA 2008a] in Appendix A-1), 
so these samples should be evaluated with some uncertainty.  Similarly, the Background H2 
samples were collected downwind of the Iron King Mine.  It is likely that the elevated 
concentrations of metals in these two areas have some anthropogenic contributions of metals 
from Iron King Mine migration pathways. 

The Iron King Mine Small Tailings Pile, Iron King Mine Main Tailings Pile, Lower Chaparral 
Gulch, Humboldt Smelter Ash Pile, and Off-Site Soil were also sampled to evaluate the 
distribution of metals by particle size.  This information will be used to evaluate remedial 
decisions in the FS.  Particle size evaluation samples were designated by “S” in the sample name 
according to the sieve size used to process the samples (e.g., IKJ-583-S-10 is for a size #10 
sieve).  For this example, the sample was collected from the material passing through the #10 
sieve.  The following sieves were utilized in this evaluation: 

Soil Par ticle Size Evaluation 

• 0.375-inch sieve – 9.5 millimeter (mm) mesh size  
• Size #10 sieve – 2.0 mm mesh size  
• Size #40 sieve – 425 micron (µ) mesh size  
• Size #80 sieve – 180 µ mesh size 
• Size #200 sieve – 75 µ mesh size  
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Four rock samples were collected from outcroppings or unaltered rocks to evaluate the metals 
concentrations.  This information was used to evaluate metal concentrations found in tailings 
material, which are a result of processing native material in mining operations. 

Rock Sampling 

Soil, slag, and rock samples were analyzed for both TAL Metals and SPLP metals to evaluate the 
leachability of the material.  Leaching is the process by which soluble constituents are dissolved 
and filtered through the soil by water. This information was used to evaluate the potential for 
material to leach metals to ground water or surface water.   

Synthetic Precipitation Leaching Procedure Sampling 

A select group of soil samples from the Iron King Mine Small Tailings Pile, Iron King Mine 
Main Tailings Pile, Lower Chaparral Gulch, and Humboldt Smelter Ash Pile were also analyzed 
for ABA to evaluate acid mine drainage. Acid Base Accounting is the balance between the acid-
production and acid-consumption properties of mine waste material.  Minerals in mine waste 
react with water and oxygen to produce sulfuric acid, which is detrimental to water quality. 
Additionally, sulfuric acid can leach metals from materials and introduce them into the 
environment.   

Acid Base Accounting (ABA) Sampling 

Building materials from the Humboldt Smelter Assay Laboratory and soil samples from the 
Humboldt Smelter and Iron King Mine AOIs were sampled to characterize the material for 
suspect asbestos-containing materials. 

Asbestos Sampling 

2.2.1.3 Surface Water Sampling 

Surface water samples were collected approximately every 400 to 500 linear feet along the 
Chaparral Gulch, Galena Gulch, and Agua Fria River when conditions permitted.  Sample 
locations were selected to provide a good spatial distribution in pools, reaches, and inside of 
major bends.  Surface water samples were also collected from upstream locations of the Agua 
Fria River to evaluate whether concentrations of site-related metals and other inorganic 
compounds are consistent with background.  The RI field investigation was conducted during the 
monsoon season, which occurred during August.  However, surface water availability was 
limited or nonexistent at many locations because the residence time for surface water is so short 
due to infiltration or rapid surface water transport.  Therefore, many of the sediment sampling 
locations did not have corresponding surface water samples.  Additional surface water samples 
were collected from various impoundment/ponds of the Site.   

Filtered and unfiltered surface water samples were collected to evaluate the total inorganics and 
metals and dissolved metals concentrations in water.  Some surface water sampling locations 
have total, but not dissolved metals analyses because surface water samples were collected 
during the mobilization phase of the project (during a heavy rainstorm) before the pumps and 
filters used to collect dissolved samples arrived.  If sampling would not have occurred at this 
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time, many of these locations would not have been sampled because surface water is so transient 
in the Chaparral and Galena Gulches.  Surface water samples were analyzed for TAL metals, 
perchlorate, anions/cations/total dissolved solids (TDS), and nitrates/nitrite/sulfate analyses as 
presented in Tables 2-5 and 2-6.  Copies of the field data sheets and digital photographs are 
provided in electronic form in Appendix A-4.  

2.2.1.4 Ground Water Sampling 

Ground water samples were collected from private and municipal taps to evaluate whether 
elevated inorganics in shallow (alluvial) and deep (bedrock) ground water are regional or may be 
attributable to the Site (e.g., Iron King Mine or Humboldt Smelter).  In addition, the five alluvial 
ground water wells and single deep bedrock ground water well installed by EPA were also 
sampled to evaluate impacts to ground water.  Four semi-annual ground water sampling events 
were planned as part of the EPA RI field investigation (i.e., Fall 2008, Spring 2009, Fall 2009, 
and Spring 2010).  The Fall 2008 and Spring 2009 ground water sampling data were included in 
this RI Report; the remaining two semi-annual ground water sampling events will be collected to 
form a baseline dataset for future investigatory or remediation activities.   

Filtered and unfiltered ground water samples were collected to evaluate the total inorganics and 
metals and dissolved metals concentrations in water.  Ground water samples were analyzed for 
TAL metals, VOCs, SVOCs, explosives, perchlorate, anions/cations/TDS, and 
nitrates/nitrite/sulfate analyses as presented in Tables 2-7 and 2-8. 

Over the course of the EPA RI field investigation, 67 wells were identified and sampled for 
water quality.  In order to aid in the overall understanding of the regional hydrogeology, an 
attempt was made to acquire well construction information.  This included discussions with 
current property owners and an evaluation of well records maintained by the Arizona 
Department of Water Resources.  In performing this evaluation, it was apparent that the well 
records were neither easily accessible nor complete, because: 

• Wells were not registered with the State 
 

• Wells were registered to previous owners, but could not be definitively linked to a 
particular well because well records are only located within the nearest section 
 

• Well construction information from the property owner conflicted with the State 
database. 

In addition, due to the variations in regional topography, wells could not be definitively 
identified to a particular aquifer or water bearing unit; this effort was complicated by the regional 
geology, which contains numerous faults (see Section 3).  EPA determined that ground water 
impacts from the mine and smelter are isolated to areas in the immediate vicinity of the Site. 
Wells located further away from the Site were not considered impacted and were used to 
evaluate background ground water conditions rather than to evaluate contaminant migration (see 
Section 5).  Copies of the field data sheets and digital photographs are provided in electronic 
form in Appendix A-4. 
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2.2.1.5 Ambient Air Sampling 

Ambient air samples were collected to determine the sources and potential migration of airborne 
contamination and to characterize the nature and extent of particulates from source areas during 
high wind events.  A meteorological station was utilized to determine the average wind velocity 
and prevailing wind direction for the Site.  An ambient air sample analyses summary is presented 
in Table 2-9. 

In August 2008, EPA collected approximately 90 ambient air samples (up to 6 stations/day x 5 
days x 3 weeks) using BGI PQ100 samplers.  EPA determined that 6 locations were appropriate 
due to the short duration of the ambient air evaluation period.  Air samplers were placed as 
follows:  two samplers at the Iron King Mine; one at the Humboldt Smelter; two in the Town of 
Dewey-Humboldt; and one at a background location (see Figure 2-6).  Ambient air samples were 
analyzed for total suspended particulates (TSP), particulate matter less than 10 microns (PM-10), 
and inorganics in ambient air.  Total suspended particulates data measures the total amount of 
matter in the air (all dust particles).  Particulate matter less than 10 microns data measures the 
amount of small particulates in the air that can enter the lungs. 

August 2008 Ambient Air  Sampling 

From December 2008 through September 2009, EPA collected 24-hour ambient air samples on a 
six-day rotating basis using BGI PQ100 samplers.  This EPA and ADEQ approved protocol 
included a temporal variation to account for different airborne effects during alternating days of 
the week.  Ambient air samples were collected from the Iron King Mine, the Humboldt Smelter, 
the Humboldt Elementary School, and a background location and analyzed for TSP, PM-10, and 
inorganics in ambient air. 

December  2008 through September  2009 Ambient Air  Sampling 

In addition to the BGI PQ100 samplers, three continuous particulate monitors (Thermo Electron 
TEOM Series 1400a) were utilized at the Iron King Mine, Humboldt Smelter, and Humboldt 
Elementary School.  This instrument included an Automatic Cartridge Collection Unit (ACCU) 
intelligent sampling system that was triggered by a particulate concentration to characterize 
particulate migration during high-wind events.  Locations for these air samplers can be seen on 
Figure 2-6.  

Two channels were used in the ACCU unit, the first channel was triggered to collect samples, 
when the ambient air particulate concentration was between 25 and 150 micrograms per cubic 
meter (µg/m3).  The lower limit was chosen because it was the lowest concentration that could be 
reliable measured.  The upper limit was chosen because it is the National Ambient Air Quality 
Standards (NAAQS) for PM-10.  Samples from the first channel were collected approximately 
once a week when the PQ100 samplers were serviced.  The second channel was triggered to 
collect a sample when the NAAQS of 150 µg/m3 for PM-10 was exceeded.  Because this 
NAAQS was rarely exceeded for more than a few minutes at a time, a single sample from this 
channel was collected at the conclusion of the air sampling program. 
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2.2.2 Installation of Ground Water Wells 

During the RI, EPA installed six monitor wells, including five shallow (alluvial) and one deep 
(bedrock) monitoring well.  EPA installed the following monitoring wells at the Iron King Mine 
AOI: 

• Two shallow wells at the toe of the large tailings pile (MW-04-S [total depth of 59-feet 
bgs and screened interval of 42 to 57-feet bgs] and MW-05-S [total depth of 59-feet bgs 
and screened interval of 42 to 57-feet bgs] on Figure 2-7) to assess water quality, the 
potential for acid mine drainage (AMD), and whether the tailings pile is dewatering 
 

• One shallow well south-east of the tailings pile to assess water quality and the potential 
for AMD (MW-03-S [total depth of 40-feet bgs and screened interval of 23 to 38-feet 
bgs] on Figure 2-7) 

 
• One deep well (MW-06-D [total depth of 350-feet bgs and screened interval of 315 to 

345-feet bgs] on Figure 2-7) was installed adjacent to the Glory Hole.  This well was 
constructed to assess the nature and extent of impacts to the bedrock aquifer from mining 
activity and from the potential waste material deposited in the Glory Hole. 

EPA installed two shallow (alluvial) wells at the Humboldt Smelter AOI to assess water quality 
and the leaching to ground water pathway:   

• One shallow well along the bank between the Humboldt Smelter and the Agua Fria River 
(MW-01-S [total depth of 123-feet bgs and screened interval of 106 to 121-feet bgs] on 
Figure 2-7) 
 

• One shallow well near the tailings pile and close to Chaparral Gulch (MW-02-S [total 
depth of 54-feet bgs and screened interval of 37 to 52-feet bgs] on Figure 2-7).   

The monitoring wells were installed using air-rotary casing-hammer drilling methodology, which 
involves driving a steel casing into the boring at the same time that the rotary bit advances the 
boring.  Use of this methodology minimized the potential for borings in the loose alluvium to 
cave in, resulting in better well construction.  To reduce investigation derived waste (IDW), the 
cuttings remained where they were collected. 

During well installation, drilling activities were overseen by a Professional Geologist registered 
in the State of Arizona.  As the soil borings were advanced, field geologists collected soil 
cuttings and described the soil types in accordance with the USCS.  Based on the lithology, depth 
to water, and understanding of regional geology, wells were constructed as presented along with 
the associated lithology in Appendix C.  Table 2-10 provides a summary of the well construction 
details for the six wells installed during the RI. 

2.2.3 Volume Estimates of Source Areas 

Surface, subsurface, and deep soil borings were installed to estimate potential source volumes.  
This is particularly important for the Iron King Mine and Humboldt Smelter AOIs, where 
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tailings, ash, etc. are ubiquitous.  Chemical data were combined with field boring logs to 
estimate the depth of tailings material for the Iron King Mine Main Tailings Pile and Lower 
Chaparral Gulch (i.e., behind the dam) (see Figure 2-7).   

An evaluation of the Lower Chaparral Gulch to the confluence of the Agua Fria was also 
conducted to evaluate whether some of the areas that contained tailings, were viable enough to 
support vegetative cover (see the Riparian Evaluation and Jurisdictional Determination in 
Appendix A-1).  The RipES Survey is discussed further in Section 2.2.8.  Source volume 
estimates are presented in Section 5. 

2.2.4 Storm Water Evaluation of Drainage Areas 

A storm water evaluation of the drainage pathways (e.g., impoundments, outfalls, etc.) was 
conducted to estimate the volumes of storm water that the Iron King Mine and Humboldt 
Smelter AOIs can manage and evaluate the potential for migration of surface water during storm 
events.  Generally soil is not considered mobile because ground cover or vegetation often 
precludes migration.  However, large portions of the Iron King Mine and Humboldt Smelter 
AOIs are denuded and are subject to particulate and/or storm water migration. Also, much of the 
tailings and ash material is fine-grained and may be transported some distance from the source, 
particularly during heavy rain events.  A Storm Water Pollution Prevention Plan, which is 
provided electronically in Appendix A-5, was completed in March 2009 for NAI (Brown and 
Caldwell 2009).  This document formed the basis for the storm water evaluation of the Iron King 
Mine Proper Area.  There is no similar document for the remaining portions of the Iron King 
Mine AOI or any part of the Humboldt Smelter AOI.  The storm water evaluation is incorporated 
into Section 3.  

2.2.5 Cultural Resource and Historic Building Survey 

A cultural resource inventory and historic building survey was conducted prior to potential land-
disturbing activities in compliance with Section 106 of the National Historic Preservation Act 
(NHPA).  This effort consisted of archival research, a Class III intensive cultural resource 
survey, and a historic building survey.   

The archival research was performed at several repositories, including the Sharlot Hall Museum 
and the Yavapai County Recorder’s Office in Prescott, and the Arizona Department of Mines 
and Mineral Resources in Phoenix.  Primary and secondary sources (e.g., newspaper articles, 
mining records, Sanborn fire insurance maps, historical photographs, title plats, etc.) 
documenting the history of the Iron King Mine and Humboldt Smelter were the main resources 
examined at these repositories.   

During the field assessment, historical features were documented and the building survey was 
completed.  Also, digital photographic documentation was collected and historical features were 
surveyed using a global positioning system (GPS). 

This information was then incorporated into the Cultural Resource and Historic Building Survey 
(ACS 2008), which is provided electronically in Appendix A-1.  The report documents the 
results of the analyses, provides an overall history of the area, and discusses the more prominent 
features.  The report also addresses National Register eligibility criteria, research domains, and 
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management recommendations for those features that warrant National Register of Historic 
Places consideration.  A summary of the cultural resource inventory, historic building survey, 
and recommendations are presented in Section 3.   

2.2.6 Aerial Photographic Analysis 

The EPA conducted an Aerial Photographic Analysis of the Iron King Mine and Humboldt 
Smelter (EPA 2008a), which is provided electronically in Appendix A-1, to document the nature, 
extent, and location of contaminants and other observable conditions of environmental 
significance.  The analysis was performed using 14 dates of historical black-and-white, color, 
and color infrared aerial photographs that cover the period from 1940 through 2003.  For the 
historical aerial photographic analysis, all 14 dates of photography were analyzed, and 8 dates 
were selected for reproduction and included in the report.  The report contains two volumes.  The 
first volume includes the text descriptions and photographic analyses, and the second volume 
contains the aerial photographs and interpretive overlays.   The aerial photographic analysis 
formed the basis for the surface features evaluation presented in Section 3.1. 

2.2.7 Biological Evaluation  

A Biological Evaluation (Envirosystems Management, Inc. 2009) was conducted to document 
both terrestrial and aquatic habitat types present within and immediately surrounding the Iron 
King Mine, Humboldt Smelter, and Waterways AOIs; this document is provided electronically in 
Appendix A-1.  For terrestrial habitats and riparian corridors, a biologist recorded the dominant 
plant communities and species, and the presence of any wildlife species.  For aquatic habitats, 
the general hydrology and morphology was recorded in addition to the identification of species 
present.   

Based on habitat types and features present, the project area was evaluated for the potential 
presence of listed or special status species and associated habitat features.  The general spatial 
distribution of habitats was provided on base maps.   

Federal, state, and local regulations concerning the biological environment of the project area 
were identified.  In addition, recommendations regarding compliance with these regulations were 
provided.  The Biological Evaluation (Envirosystems Management, Inc. 2009) formed the basis 
for the ecology and natural resources evaluation presented in Section 3.9. 

2.2.8  Wetland Delineation and Riparian Evaluation System Survey  

A wetland delineation and Riparian Evaluation (RipES) Survey was conducted on the Lower 
Chaparral Gulch to the confluence with the Agua Fria River in the Riparian Evaluation and 
Jurisdictional Determination (Westland Resources, Inc. 2009); this document is provided 
electronically in Appendix A-1.  Jurisdictional wetlands are considered “special aquatic sites” 
under the Clean Water Act (CWA) and specific methods are used in their identification and 
delineation.  A formal jurisdictional wetlands determination was not required because a permit 
application is not being made.  Nevertheless, the presence and quality of wetland conditions was 
documented to inform decisions regarding reclamation methods.  The wetlands evaluation was 
based on the triple-parameter approach defined by the U. S. Army Corps of Engineers 
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(Environmental Laboratory 1987) along with supplementary information on delineation of 
wetlands in the arid western states (Environmental Laboratory 2006).   

Riparian conditions were evaluated generally following the methods described in the Clark Fork 
River RipES (EPA 2004a).  This procedure was developed to assess riparian systems that were 
impacted by past mining and ore processing actions.  This evaluation was conducted to assist 
EPA in making decisions regarding cleanup and reclamation strategies.  Using this tool, riparian 
areas, or polygons, were identified and categorized based on landscape stability, contamination 
severity, and plant community attributes.  The Riparian Evaluation and Jurisdictional 
Determination (Westland Resources, Inc. 2009) formed the basis for the ecology and natural 
resources evaluation presented in Section 3. 

2.2.9 Reuse Assessment 

A reuse assessment involves collecting and evaluating information to develop assumptions and 
potential scenarios about reasonably anticipated future land use(s) at Superfund sites.  
Identifying and understanding reasonably anticipated future land use(s) at a site is an important 
consideration affecting remedy decisions for each portion of the site.  A Reuse Assessment is 
based on information gathered from landowners and other community stakeholders and is a 
flexible framework that can be updated as new information becomes available. 

Reuse of Superfund sites can provide many benefits.  The reuse assessment can facilitate site 
stewardship, support the long-term effectiveness of the remedy, and be used as a tool to promote 
redevelopment of the site after cleanup.  Appropriate reuse of a site can reduce the possibility 
that other, potentially non-protective land uses might occur.  Reuse can also benefit communities 
by positively affecting values for land on and around a site.  

The reuse assessment for the Iron King Mine – Humboldt Smelter Superfund Site will identify a 
range of compatible, sustainable, realistic, and economically viable reuse opportunities for long-
term use of the Site.  

Some of the questions EPA is considering in the reuse assessment include:  

• What are the environmental conditions at the Site?  
• What are the landowners' plans for future use of the Site?  
• What site factors favor or limit future use?  
• Which key individuals and groups will determine reuse and what are their views?  
• Are there renewable energy opportunities for the Site?  

 
The Reuse Assessment for the Site is currently being drafted.  Both the Iron King Mine and 
Humboldt Smelter AOIs are being evaluated for various future reuses that include:  commercial, 
industrial, manufacturing, mining heritage, open space, recreational, residential, and a 
combination of these uses.  Preliminary data gathered during the reuse assessment informed the 
land use/reuse information presented in section 3.10.2. 
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2.2.10 University of Arizona Superfund Basic Research Program 

Throughout the remedial investigation, EPA and ADEQ have worked in collaboration with the 
University of Arizona's Superfund Basic Research Program staff on a variety of research 
projects.  These projects include:  
 

• Physical and chemical characterization of dust resulting from the Site, including an 
evaluation of particulate emissions, number distribution, mass distribution, and chemical 
speciation by size fraction of particulates. 

• Implementation of a phytostabilization field trial.  Phytostabilization is a process that 
uses native plants and soil amendments to revegetate impacted soils (such as tailings) and 
reduce the mobility of heavy metals and dust.  The University of Arizona completed the 
first greenhouse study phase of the project and is now working on a field trial where 
plants will be cultivated on the tailings pile itself as well as a longer term greenhouse 
trial.  

• Analysis of the physical chemistry, metal and mineral content of mine tailings.  
• Implementation of a community garden project to determine the metal and nutrient 

content of vegetables grown in local gardens.  
 
These projects are currently ongoing and EPA will continue to work with the University of 
Arizona throughout the upcoming Feasibility Study. 
 
2.2.11 Sustainable Practices 

Large scale investigations are intrusive endeavors that utilize substantial resources in a short 
span of time.  There is a delicate balance between collecting a statistically significant number of 
samples to adequately characterize an area and the goal of reducing the environmental footprint 
of the investigation.  EPA was cognizant of this balance and sought out sustainable practices to 
reduce the environmental footprint as follows: 
 

• Minimizing field mobilizations by combining investigation tasks into two main events 
• Compressing the field investigation schedule to minimize travel 
• Utilizing local contractors 
• Purchasing materials locally 
• Using renewable energy (solar power) to sample background ambient air 
• Minimizing IDW by decontaminating equipment in place 
• Low-flow ground water sampling 

 
These measures correspond to several of the core areas suggested by EPA’s Office of Solid 
Waste and Emergency Response (OSWER).  Combining the investigation tasks, compressing the 
field investigation schedule, utilizing local contractors, and purchasing local materials all helped 
to minimize air pollution and greenhouse gas emissions by reducing the amount of travel and 
shipping needed.  The use of solar power for air sampling helped to maximize the use of 
renewable energy, and waste production was minimized by the practice of decontaminating 
sampling equipment in place, which reduces both solid and liquid hazardous waste.   
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2.3 DATA EVALUATION 

This section describes the procedures that were used to review, verify, and validate field and 
laboratory data.  Procedures for verifying that the data are sufficient to meet DQOs and 
measurement quality objectives for the project are also discussed.   

2.3.1 Data Review and Reduction Requirements 

Data reduction and review are essential functions for preparing data that can be used effectively 
to support project decisions and DQOs.  These functions must be performed accurately and in 
accordance with EPA-approved procedures and techniques.  Data reduction includes 
computations and data manipulations that produce the final results that are used during the 
investigation.  Data review includes procedures that field or laboratory personnel conduct to 
ensure that measurement results are correct and acceptable in accordance with the QA objectives.   

The EPA Region 9 Laboratory, contract laboratory program (CLP) laboratory, and/or 
subcontracted non-CLP laboratory completed data reduction for chemical and physical 
laboratory measurements and completed an in-house review of laboratory analytical results.  The 
laboratory QA manager was responsible for ensuring that laboratory data reduction and review 
procedures followed the requirements stated in the SAP (EA 2008c).  The laboratory QA 
manager was also be responsible for assessing data quality and for advising the EA QA Manager 
of possible quality assurance/quality control (QA/QC) problems with laboratory data. 

Field and laboratory measurement data reduction and review procedures and requirements were 
summarized in the Data Evaluation Summary Report (EA 2009b) and Data Evaluation Summary 
Report Addendum (EA 2009c). 

2.3.2 Validation and Verification Methods 

Data that are used to support activities under the EPA Region 6 RAC II program must be valid 
for their intended purposes.  Data were evaluated in accordance with EPA’s National Functional 
Guidelines.  

When analytical services were provided by laboratories subcontracted by EA, EA was 
responsible for data validation.  The QA Manager had the primary responsibility for coordinating 
EA’s data validation activities.  EA conducted full validation on 100% of subcontracted 
laboratory data for investigation samples.  Data validated conducted by EA were detailed in data 
validation reports.  Data that were generated by the EPA Region 9 Laboratory was validated by 
EPA’s Environmental Services Assistance Team, who conducted full validation on at least 10% 
of subcontracted laboratory data for investigation samples.  Data validated by EPA were 
summarized in data validation reports.  Data validation reports were summarized in the Data 
Evaluation Summary Report (EA 2009b) and Data Evaluation Summary Report Addendum (EA 
2009c). 

2.3.3 Reconciliation with Data Quality Objectives 

The main purpose of a QA system is to define a process for collecting data that are of known 
quality, are scientifically valid, are legally defensible, and fully support decisions that will be 
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based on the data.  To achieve this purpose, the SAP (EA 2008c) required that the DQOs be fully 
defined.   

After environmental data were collected, reviewed, and validated, a final evaluation of the data 
was conducted to determine whether the DQOs specified in the SAP (EA 2008c) were met.  This 
evaluation was conducted in the Data Evaluation Summary Report (DESR) (EA 2009b) and Data 
Evaluation Summary Report Addendum (EA 2009c) and is summarized in Section 4. 

3. PHYSICAL CHARACTERISTICS 

Data on the physical characteristics of the Site and surrounding areas were collected to establish 
a basis of understanding for the source, nature and extent, and migration pathway analysis in 
Section 5.  Also, these data were used to identify receptor populations for the HHRA and 
SLERA.  Finally, the physical characteristics will be used to develop and screen remedial action 
alternatives in the FS.  Information on the following physical characteristics is presented below: 

• Surface features 
• Geology 
• Soils 
• Non-native materials 
• Geochemistry 
• Hydrogeology 
• Meteorology 
• Surface Water Hydrology 
• Cultural and Historical Features 
• Demography and Land Use/Reuse 
• Ecology 

All of these elements are integral to the development of the CSM, which is presented in 
Section 5. 

3.1 SURFACE FEATURES 

This section provides a description of the Site’s surface features.  The primary sources of 
information were the Cultural Resource and Historic Building Survey (ACS 2008) and Aerial 
Photographic Analysis (EPA 2008a), which are provided electronically in Appendix A.     

The Aerial Photographic Analysis (EPA 2008a) presents a detailed historical accounting of the 
tailings, mine shafts, ground scars, impoundments, etc. for the Iron King Mine and Humboldt 
Smelter.  This information is comprehensively presented in the report and will not be repeated 
here for brevity.  However, important surface features are presented below as well as in 
subsequent sections. 

In conjunction with the EPA Aerial Photographic Analysis (EPA 2008a), the Iron King Mine and 
Humboldt Smelter AOIs were mapped during the EPA RI field investigation with the primary 
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focus of identifying the surface and geologic features.  Appendix A-6 presents the results of this 
field activity and includes the limits of primary features along with representative photographic 
documentation.  Details regarding the surface features encountered during this investigation are 
reference Appendix A-6 as appropriate below.  Additional details regarding geologic features, 
including a more detailed description of the non-native source materials (e.g., tailings), are 
provided in the appropriate sections below. 

3.1.1 Iron King Mine AOI 

The Iron King Mine AOI includes the Iron King Mine Proper Area, Iron King Operations Area, 
Former Fertilizer Plant Area, Salvage Yard, and ancillary associated properties (see Figure 1-3).  
It covers approximately 153 acres and is located west of the Town of Dewey-Humboldt, Arizona 
and Highway 69.  The AOI is bounded on the east by Highway 69, on the north by the Chaparral 
Gulch, on the south by Galena Gulch, and by undeveloped vacant land on the west.   

3.1.1.1 Iron King Mine Proper Area 

The Iron King Mine Proper Area consists of the Iron King Mine Main Tailings Pile, which forms 
the western half of the area, and the Iron King Mine Mine Plant to the north.  The southern 
border of the area runs along Iron King Road, the eastern border generally follows Highway 69.  
A service road, which has controlled access at two locations, connects the Iron King Mine Mine 
Plant to Highway 69. 

The Iron King Mine Mine Plant contains 10 former mine processing buildings and offices (see 
Figure 1-3).  The buildings range in size from the large NAI product packaging building (161 x 
126-foot) to small sentry-post shed (9 x 9-foot).  Only the NAI office building is being utilized.   

Iron King Mine Mine Plant 

Three storm water retention ponds (i.e., 40-01A, 40-02A, and 100-003F) are used to control 
surface water flow from the Mine Plant and Main Tailings Pile.  Although pond 100-003F held 
water for a portion of the EPA RI field investigation (e.g., during monsoon season), it is 
normally dry.  Additional information regarding these ponds is presented in the surface water 
hydrology section below.  

The Iron King Mine Main Tailings Pile is comprised of two tailings dams that are oriented from 
the south-southwest to the north-northeast (see Figure 1-3).  These tailings dams were 
constructed in a series of natural ravines that were oriented generally east to west as evidenced in 
the 1940 historical aerial photograph from Figure 3 of the Aerial Photographic Analysis of Iron 
King Mine/Humboldt Smelter Superfund Site (EPA 2008a), which is presented in Appendix A-1. 

Iron King Mine Main Tailings Pile 

Construction details of these tailings dams are unknown.  However, they are likely one of three 
commonly constructed tailings dams (i.e., upstream, centerline, or downstream) because 
photographic evidence suggests they were constructed in lifts (see photographs 1 through 3 in 
Appendix E).  It also appears that the coarse fraction of the tailings was used as the raise material 
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for the embankments as is generally the case with most tailings dams.  Thickened tailings that 
contained finer grained materials were then allowed to settle behind the dams via gravity flow. 

Upstream tailings dams have the most failures due to static/transient load induced liquefaction 
flowslide events.  This is not surprising considering the potential for water behind the dam to 
generate high saturation of the embankment and subsequently create liquefaction induced flows.  
This may have occurred to the western most tailings dam, which has a pronounced failure on its 
face (see photographs 3 and 4 in Appendix E).  This failure reportedly occurred in 1969 during a 
high rain event.  This is consistent with the 1964 and 1970 aerial photographs, which show the 
Iron King Mine tailings dam prior to and after the failure (see Figures 5 and 6 of the Aerial 
Photographic Analysis of Iron King Mine/Humboldt Smelter Superfund Site [EPA 2008a]).   
Because this tailings dam has already exhibited failure, stability of the Iron King Mine Main 
Tailings Pile will be considered in the evaluation of remedial alternatives as necessary. 

Several storm water retention ponds (e.g., Main Retention Ponds, 200-55, etc.) are used to 
control surface water flow on/from the Iron King Mine Main Tailings Pile.  Although these 
ponds do hold water for a portion of the year (e.g., during heavy rains associated with monsoon 
season), they are normally dry.  Additional information regarding these ponds is presented in the 
surface water hydrology section below. 

3.1.1.2 Iron King Mine Operations Area 

The Iron King Mine Operations Area lies west of the Iron King Mine Proper Area and extends 
north to Chaparral Gulch (see Figure 1-3).  The southern half of the area is covered with a 
surface deposit of waste rock, tailings, and overburden.  A large open pit (a.k.a., the Glory Hole) 
extends 60 to 80 feet bgs in the center of the area.  The Aerial Photographic Analysis (EPA 
2008a) presents a detailed presentation of historical tailings, mine shafts, ground scars, and 
impoundments, near this area. 

There are 10 buildings that range in size and are utilized for various heavy industrial uses (e.g., 
processing of manganese ore).  The standing structures were built between 1950 and 1990 and 
include the shaft house for Mine Shaft No. 7, a large concrete cistern, and the several industrial 
buildings.  In addition, numerous concrete foundations and rubble piles mark the location of 
former buildings.   

Iron King Road forms the southern border of the area.  A service road traverses north, from Iron 
King Road, through the buildings, around the Glory Hole, and dead ends near the Iron King 
Mine Mine Plant.  The area is bordered by a fence and is controlled at two locations along Iron 
King Road. 

3.1.1.3 Iron King Mine Small Tailings Pile 

The Small Tailings Pile is located east of the Iron King Mine Operations Area and north of the 
Iron King Mine Proper Area (see Figure 1-3).  Chaparral Gulch borders the area from the 
northwest to the southeast.  This pile is an accumulation of tailings material from surface water 
transport over many decades that began as early as 1940 (see Figure 3 of the Aerial Photographic 
Analysis [EPA 2008a]). 
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3.1.1.4 Iron King Mine Former Fertilizer Plant 

The Former Fertilizer Plant is located south of the Iron King Mine Operations Area and Iron 
King Road (see Figure 1-3).  The surface is mostly covered by the waste rock surface deposit, 
tailings, and overburden.  The Galena Gulch is located to the west and south of the area. 

The Aerial Photographic Analysis (EPA 2008a) presents a detailed presentation of historical 
tailings, mine shafts, ground scars, and impoundments, near this area.  In addition to the 
chemical hazards that might be associated with this material, the mine shafts may pose a physical 
impediment to future use and will be considered in the evaluation of remedial alternatives.  In 
addition, there are several abandoned buildings, pits/lagoons filled with human waste, and 
various implements used in the human waste disposal business.   

3.1.1.5 Iron King Mine Salvage Yard 

The Salvage Yard is located south of Iron King Road, directly south of the Iron King Mine Main 
Tailings Pile (see Figure 1-3).  Hyslip’s Lane is located to the east and Galena Gulch is to the 
south.  The facility contains two large buildings and several hundred cars.   

3.1.2 Humboldt Smelter AOI 

The Humboldt Smelter AOI covers approximately 189 acres and is located east of Highway 69 
and is surrounded on the east and north by the Town of Dewey-Humboldt, Arizona (see Figure 
1-4).  Chaparral Gulch is located to the west and the Agua Fria River is to the South.  Main 
Street provides the entrance from the northwest and terminates at the entrance to Humboldt 
Smelter.   

Surface deposits consist of a Slag Pile in the northeast portion of the property, the Ash Pile 
directly to the west along the northern border, and the Tailings Pile, which stretches north/south 
across the western boundary.  Additional details regarding these non-native materials are 
provided in subsequent sections below.  The Humboldt Smelter Operations Area occupies the 
eastern central portion and contains most of the existing structures.  The Humboldt Smelter 
Impoundment/Pond is located in the north central area of the Site and cuts across the northern 
border of the property.     

Five structures currently stand on the property, the most conspicuous of which is a brick flue 
connected to a smokestack that reaches 235 ft high.  The other structures consist of an assay 
laboratory/office, sawmill, office building, and water tank.  The smokestack is located within the 
Ash Pile, the brick Assay Laboratory/Office is southwest of the smokestack, and the corrugated 
metal Sawmill is further southwest of both.  The Office Building, an L-shaped roofless concrete 
structure, is the northernmost of the buildings and is located near the site entrance.  The steel 
water tank, which sits on a concrete base, is located almost due south of the Assay 
Laboratory/Office.  All of the buildings are abandoned and in disrepair.  In addition to the 
standing structures, numerous foundations, rubble piles and other remnants of buildings and site 
activities remain, largely concentrated in the center and northeast quadrant of the site.  These 
structures may pose an impediment to future use and will be considered in the evaluation of 
remedial alternatives. 



  EA Project No. 14342.34 
  Page 39 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

In addition to the above ground structures, three underground structures are worth discussion.  
There are underground structures near the smelter that are likely the remnants of buildings 
associated with smelting activities.  Video and photographic documentation is provided in 
Appendix E.  Two small (2.5 foot high) shafts near the entrance of the Humboldt Smelter begin 
along the face of a retaining rock wall that was thought to support a historic concentrator; these 
shafts were partially blocked/collapsed so their length or use is unknown, but they likely 
conveyed material to the sampling plant for processing.  Similarly, a larger (4 to 5-foot high) 
shaft began along the same face and was documented to head northward until it terminated at a 
brick wall.  This larger shaft was also likely used to convey material from the concentrator to the 
sampling plant.  These underground structures may pose an impediment to future use and will be 
considered in the evaluation of remedial alternatives. 

A storm water retention pond has not contained water during any of the EPA RI Field 
Investigation.  Ash is deposited in the bottom.  Additional information regarding this pond is 
presented in the surface water hydrology section below.  

The Humboldt Smelter Tailings Pile also has a dam that is oriented from the east to west.  This 
tailings dam was likely constructed in a natural ravine that was oriented generally north to south.  
It has two breaches that are observed in the 1940 historical aerial photograph from Figure 11 of 
the Aerial Photographic Analysis of Iron King Mine/Humboldt Smelter Superfund Site (EPA 
2008a), which is presented in Appendix A-1.  Photograph 5 of Appendix E presents the tailings 
dam and associated breaches. 

Construction details of the Humboldt Smelter tailings dam are unknown.  It is likely that the 
tailings dams are one of the three commonly constructed tailings dams (i.e., upstream, centerline, 
or downstream) (see photograph 6 in Appendix E).  It also appears that the coarse fraction of the 
tailings and native material was used as the raise material for the embankments as is common 
with the construction of tailings dams.  Thickened tailings that contained finer grained materials 
were then allowed to settle behind the dams via gravity flow.  Because this tailings dam has 
already exhibited failure, stability of the Tailings Pile will be considered in the evaluation of 
remedial alternatives. 

3.1.3 Waterways AOI 

The Waterways AOI includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls (see Figures 1-3 and 1-4). 

3.1.3.1 Agua Fria River 

The Agua Fria River is an intermittent stream that flows generally south from northeast of 
Prescott, Arizona through the Agua Fria National Monument and then through Black Canyon 
into Lake Pleasant.  Near the Site, the Agua Fria borders the eastern portion of Humboldt 
Smelter and joins the Chaparral Gulch at the confluence southwest of the Humboldt Smelter.  
Although the Agua Fria River is intermittent along some stretches, it was observed flowing from 
a few miles north of the Site to well past the Site throughout the year.  

The Agua Fria River is typically 1 to 2-feet deep in the vicinity of the Site and has a flow rate 
that varies between 0.5 to 2-feet per second, although this flow rate increases along bends, where 
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water flow is restricted, or during the monsoon season, when more water is flowing through the 
system. 

3.1.3.2 Chaparral Gulch 

The Chaparral Gulch is an intermittent waterway that typically only conveys water during high 
rain events.  During small rain events, surface water infiltrates directly into the underlying soil 
and does not generate runoff.  The Chaparral Gulch was separated into four stretches based on 
proximity (e.g., near Iron King Mine), characteristics (i.e., typically terrestrial or aquatic), and 
potential reuse.  These four areas include:  

• The Upper Chaparral Gulch is a terrestrial environment that borders the Iron King Mine 
to the north. 
 

• The Middle Chaparral Gulch is a terrestrial environment that transects Off-site Soil 
residential areas in the Town of Dewey-Humboldt. 
 

• The Lower Chaparral Gulch borders the Humboldt Smelter to the south.  It is typically a 
terrestrial environment that has some aquatic features during the monsoon season when 
water is present. 
 

• The Lower Chaparral Gulch Dam – Confluence borders the Humboldt Smelter to the 
south.  It is an aquatic environment because the dam emanates water throughout the year, 
even during the dry season.  The Chaparral Gulch joins the Agua Fria River south of the 
Humboldt Smelter. 

A concrete rubble dam defines the border between the Lower Chaparral Gulch and the Lower 
Chaparral Gulch Dam – Confluence.  It is approximately 105-feet wide at the top, 25-feet tall, 
and 8 to 12-feet thick at the top (see Photograph 7 of Appendix E).  Other dimensions are 
unknown, but given the sluice at the base of the dam, it is likely silted at the base.  The dam is 
keyed into bedrock, and was likely constructed during two phases.  At times, water emanates 
from the seam between the two lifts.  Water also emanates from the sluice, which acts as a 
release valve for water behind the dam and adds to the aquatic environment found in the Lower 
Chaparral Gulch Dam – Confluence.  The dam appears in aerial photographs as early as 1940 
(see Figure 11 of the Aerial Photographic Analysis of Iron King Mine/Humboldt Smelter 
Superfund Site [EPA 2008a]) but activity was ongoing since the turn of the century, so it is likely 
older.  

The Lower Chaparral Gulch has been altered by the sedimentation of tailings and other materials 
behind the dam and periodic flood events that have altered the riparian habitat.  A comparison of 
the 1940 and 1970 historical aerial photographs from Figures 11 and 14 of the Aerial 
Photographic Analysis of Iron King Mine/Humboldt Smelter Superfund Site (EPA 2008a), 
demonstrate that a robust riparian habitat exists behind the dam.  However, in Figures 15 and 16, 
which were taken in 1973 and 1980, the riparian habitat behind the dam is decreasing, but the 
vegetative growth upstream (i.e., to the north) is being enhanced. This is visual evidence that 
sedimentation behind the dam has effectively moved the riparian habitat upstream through an 
increase in water resources available for vegetative growth.  It should be noted that 
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sedimentation may have been enhanced by a large flood event that reportedly occurred in the 
early 1980s.  As time passed, the area behind the dam became nearly denuded and the vegetative 
growth upstream grew much more prominent (see the 1992 and 2003 aerial photographs in 
Figures 17 and 18).   

Sedimentation of the Lower Chaparral Gulch is likely from two surface water transport sources 
(1) the Humboldt Smelter Tailings Pile and (2) upgradient Chaparral Gulch sources (including 
historic contributions from the Iron King Mine).  It should be noted that the breach to the western 
dam of the Iron King Mine occurred between 1964 and 1970 so it was not the catastrophic event 
that filled the Lower Chaparral Gulch with sediments; however, the Aerial Photographic 
Analysis of Iron King Mine/Humboldt Smelter Superfund Site (EPA 2008a) demonstrates that 
the Iron King Mine has contributed sedimentary material to the Lower Chaparral Gulch for 
decades. 

A 25 March 1964 letter from the Shattuck Denn Mining Corporation documents the collapse of 
the ‘front wall of the lower tailings pond’ on 23 March 1964.  Most of the material was deposited 
between the pond and the railroad fill below the pond.  However, approximately 5,000 tons of 
material may have reached the Aqua Fria River.  It is not known if this letter refers to the breach 
to the western dam of the Iron King Mine Main Tailings Pile.   

3.1.3.3 Galena Gulch 

The Galena Gulch is an intermittent waterway that typically only conveys water during high rain 
events.  During small rain events, surface water infiltrates directly into the underlying soil and 
does not generate runoff.  The Galena Gulch is a terrestrial environment that borders the Iron 
King Mine to the south and joins the Agua Fria River well south of the Site. 

The Aerial Photographic Analysis (EPA 2008a) presents a detailed presentation of historical 
tailings, mine shafts, and ground scars, near this area.  In addition to the chemical hazards that 
might be associated with this material, the mine shafts may pose a physical impediment to future 
use and will be considered in the evaluation of remedial alternatives. 

3.2 GEOLOGY 

A geologic map of the Bradshaw Mountain Quadrangle was published by the United State 
Geographic Survey (USGS) in 1905 (Jagger and Panache 1905.).  Lindgren briefly described the 
geology of the Site with his focus being on the ore deposits of the region (1926).  Creasy (1952) 
prepared a more detailed summary of the regional geology as part of his doctorate thesis.  
Additional geologic information is provided in electronic form in Appendix A-7 

A geologic map of the area in the vicinity of the Site was prepared by the USGS (see Appendix 
A-7).  In general, the Site is underlain by the Tertiary Hickey Formation, which is a series of 
undifferentiated volcanic units, sedimentary interbeds, and rhyolitic tuffs (see Figure 3-1).  The 
Hickey Formation overlies a suite of Precambrian metamorphic rocks, primarily andesitic 
breccias and tuffs (Creasy 1952).  The breccias are thought to be on the order of 4,000 feet 
(though almost vertical in the vicinity of the Site), while the tuffs may be closer to 6,000 feet 
thick.  Most of the mineralization at the Iron King Mine is associated with hydrothermal veins in 
the form of a massive sulfide deposit that trends along the primary foliations in the rocks.  
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Minerals mined at the Site have included copper, gold, lead, silver, and zinc.  The rocks are 
highly foliated, with associated joints and fractures likely influencing ground water flow.   

In conjunction with the EPA Aerial Photographic Analysis (EPA 2008a), the Iron King Mine and 
Humboldt Smelter AOIs were mapped during the EPA RI field investigation with the primary 
focus of identifying the surface and geologic features.  Appendix A-6 presents the results of this 
field activity and includes the limits of primary features along with representative photographic 
documentation.  Additional details regarding the geology encountered during this investigation 
are provided below. 

3.2.1 Bedrock 

The site is underlain by the Paleoproterozoic (Precambrian) Yavapai metamorphic complex, 
which includes mafic to intermediate volcanic rocks, volcaniclastic, and sedimentary rocks that 
are intruded by calc-alkalic igneous rocks (Eisele and Isachsen, 2001).  The volcanics and 
sedimentary rocks have been metamorphosed to green schist and amphibolite grade phyllites, 
schists, and gneisses.  Within the vicinity of the site, Precambrian rocks have been intruded by 
Tertiary andesite porphyry, which resulted in the hydrothermal activity that resulted in ore 
genesis.  Precambrian schists and Tertiary volcanic rocks are the primary hosts for the Iron King 
Mine ore deposits.  Tectonic activity resulted in fractures that primarily followed the foliation 
planes of the Precambrian schists in the area and became preferred pathways for flow of 
hydrothermal ore-forming fluids.   

3.2.2 Alluvial Deposits 

The native sediments are mostly composed of gray to rusty brown Tertiary gravels, gravelly 
sands and gravelly silts (identified as Trx in Appendix A-6 figures) using the nomenclature in the 
Roadside Geology of Arizona (Chronic, 1983).  These materials were likely deposited as bolson 
fill during basin and range rifting.  The coarse particles (gravel to boulder sized) are identified as 
metamorphic schist (Precambrian Pinal schist), andesite porphyry (probably related to other 
porphyry systems throughout Arizona that are Tertiary in age), granodiorite (unknown age, but 
probably Precambrian), and vein quartz.  The fine matrix is mostly composed of medium to fine 
quartz plus feldspar sand and silt formed from the erosion of micas.  In some localized areas the 
sediments are cemented by caliche. 

3.2.3 Leached Cap Alluvium 

The term leach cap denotes a weathering zone developed in the primary ore deposit from 
oxidization of iron and sulfide minerals like pyrite when exposed to oxygen near the surface of 
the earth and above the water table.  The leached cap alluvium at the Site consists of cobble and 
boulder fragments that are subangular and coated with iron oxides (hematite and goethite).   
Most likely the clasts in the sediments exposed at the Iron King Mine AOI were derived 
proximally from erosion of the leached cap above the main sulfide orebody that was mined for 
various metals.  The angularity of the fragments indicates that they were not transported great 
distances.  No original sulfides are visible in these fragments, indicating that oxidation was 
complete.  However, acidic salts such as jarosite may exist in the iron oxide coatings.  These 
acidic salts are significant in their capacity to alter the pH of infiltrating surface and/or ground 
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water.  As neutral water (pH of approximately 7) comes in contact with these acidic salts, the pH 
of the infiltrating water is lowered.  As this occurs, the ability of this low pH water to mobilize 
minerals greatly increases. 

3.3 SOILS 

A site-specific soils resources report was prepared for the Site by the Natural Resources 
Conservation Service (NRCS) of the United States Department of Agriculture (USDA) (USDA 
2008).  The Site and surrounding area was broken into a total of 11 map units, based on grain 
size and slope angle.  Of these 11 units, three units the Balon gravelly sandy clay loam (BgD), 
the Moano gravelly loam (MgD), and the Moano very rocky loam (MkF), encompass 
approximately 70 percent of the surface area in the immediate vicinity of the Site (see 
Figure 2-5).  More importantly, the BgD map unit is interpreted as being the dominant soil type 
at both the Iron King Mine, Humboldt Smelter, and Off-site Soil AOIs.  The other predominant 
soil type for the Humboldt Smelter is the Springerville-Cabezon complex (SnD), which is the 
most prominent upwind (south) of the Site.   

The dominant native substrate throughout the project area consists of Precambrian granite, 
gneiss, and schist (Chronic 1983).  Therefore, soils primarily consist of well-drained, shallow 
soils and rock outcrop on semiarid, mid-elevation hills and mountains.  These soils formed in 
residuum weathered from granite, gneiss, rhyolite, andesite, tuffs, limestone, sandstone, and 
basalt (Hendricks 1985).  

The dominant soils at the Iron King Mine and Humboldt Smelter AOIs is the Balon gravelly 
sandy loam which is very deep, well-drained soils that formed in mixed fan alluvium dominantly 
from schist, granite, basalt and related rocks.  Slopes are generally 2 to 25 percent.  Balon soils 
are classified as fine-loamy, mixed, superactive, mesic Ustic Haplargids. 

The other dominant soil mapping unit at the Humboldt Smelter AOI is the Springerville-Cabezon 
complex.  Springerville soils consist of deep, well-drained soils that formed in alluvium from 
tuff, volcanic breccia and basalt.  These soils are found on plateaus and mesas and have slopes of 
0 to 10 percent.  Springerville soils are classified as fine, smectitic, mesic Aridic Haplusterts.  
Cabezon soils are shallow, moderately slowly to slowly permeable soils that formed in eolian 
material over residuum derived from basalt.  Cabezon soils are found on lava plateaus.  Cabezon 
soils are classified clayey, smectitic, mesic Aridic Lithic Argiustolls. 

Additional information regarding regional soils is provided in the background and speciation 
evaluation report (see Appendix B) and NRCS soil resource report that is in electronic form in 
Appendix A-7. 

3.4 NON-NATIVE MATERIALS 

Non-native materials (e.g., tailings, ash, etc.), which were deposited as a result of mining or 
smelting operations, dominate the Iron King Mine and Humboldt Smelter AOIs.  In conjunction 
with the EPA Aerial Photographic Analysis (EPA 2008a), the Iron King Mine and Humboldt 
Smelter AOIs were mapped during the EPA RI field investigation with the primary focus of 
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identifying the surface and geologic features.  Appendix A-6 presents the visually identifiable 
non-native materials along with representative photographic documentation. 

3.4.1 Tailings 
Tailing materials at the Iron King Mine AOI may be described as reddish brown gravelly sands 
and silty sands.  Particles of the ore are identifiable in this material.  Bedding structures were not 
observed because exposures are limited to the face of the tailings dams and top surface.  The Iron 
King Mine tailings were likely derived from a primary concentration process (screening and 
gravity separation).   

Tailing materials at the Humboldt Smelter AOI may be described as yellow and yellowish brown 
silty sands, sandy silts, and gray clay.  The deposits are bedded and appear to fine upward with 
silty sands on the bottom, sandy silts intermediate and gray clay on top of complete sequences.  
The gray clay is encrusted with bluish green copper salts, indicating that metals may be leaching 
from these materials.  The Humboldt Smelter tailings were probably derived from secondary 
concentration (e.g., flotation).  Chemicals in the flotation agents may have produced the yellow 
color of the tailings found at the Humboldt Smelter AOI.    

3.4.2 Ferricrete 
Ferricrete is an iron oxide (e.g., hematite, goethite, amorphous ferric hydroxide, etc.) cemented 
material that is formed as water percolates through iron-bearing rock and sediments under acidic 
conditions.  The iron is transported downward through the soil/sediment column and precipitates 
once more neutral pHs are encountered.  Ferricrete formation is an indicator of the presence of 
existing or former acid-forming sulfides in the surface soils and sediments.  Ferricrete may also 
act as a repository of metals other than iron (e.g., arsenic) that tend to adsorb to iron oxide 
surfaces.  Ferricite was noted in a cut bank along Chaparral Gulch just to the west of the yellow 
tailings that were noted at the Humboldt Smelter.  These deposits were several feet thick, and 
were red to dark reddish brown in color.  A picture of the ferricite in addition to a map showing 
the orientation of the photograph is provided in Appendix E of this RI report. 

3.4.3 Winnowed Sands 
Fine to medium well-sorted yellowish white sands that have been separated by runoff from 
tailings are located in Lower Chaparral Gulch below the Tailings Pile at the Humboldt Smelter 
AOI.  These sands are mostly comprised of quartz and mica, but fine particles of pyrite were also 
identifiable using a hand lens.  The presence of pyrite in these materials indicates that the tailings 
may be generating acidic drainage.  

3.4.4 Ash 
Ash deposits were generated as a result of the operation of the smelter at the Humboldt Smelter 
AOI.  The ash is fairly homogeneous in texture and consists primarily of gray, very fine (less 
than 1-millimeter-diameter) powdery deposits.  It represents the residual material from burning 
coal and other fine particulates from the kiln.  It is primarily composed of glassy particles 
composed of silicon and aluminum oxides, but metals are also incorporated.   

3.4.5 Slag 
Slag deposits consist of black, brownish-black, and bluish-green glassy (amorphous) material at 
the Humboldt Smelter AOI that have been deposited east of the former smelting facility and over 
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the banks of the Agua Fria.  Some of the material was dumped in a solid form on the ground 
from the retort or kiln.  This resulted in funnel-shaped 3-foot-diameter fragments that have 
variably degraded to gravel, cobbles, and boulders during cooling and cracking.  The tops of the 
vitrified material are often porous due to the entrapment of gases that floated to the tops of the 
retorts.  In some fragments, large crystals of feldspar are also included in the slag and may have 
formed during the smelting process as the material cooled below the crystallization temperature.  
The bottom material is massive and highly cracked by cooling.  Greater masses of slag are intact 
and have spread out over the ground surface as flows.  Other surfaces are highly cracked and the 
material is very sharp and angular.  

3.4.6 Sinter 
Scattered piles and debris of whitish gray coarse (gravel, cobble, and boulder sized material) 
agglomerated material are located within the Humboldt Smelter AOI.  This material likely 
represents sinter that was produced as feedstock to the smelter.  Sintering is the process of 
adding heat, lime, and other binding agents to the fine concentrated ore feedstock to produce a 
texture that can be readily assimilated by the smelting retorts.  Because it is agglomerated and 
mixed with alkaline material, the sinter is probably more inert than the tailings. 

3.5 GEOCHEMISTRY 

Because mining process wastes (mine tailings) are the predominant sources of contaminants at 
the Site, a general discussion of the major geochemical controls and considerations, which 
govern release and retainment of contaminants, are presented.  The mining process for economic 
ore deposits like those at the Iron King Mine begin with the formation of rare occurrences of 
exotic minerals or unusually high concentrations of common minerals.  These are brought about 
by geologic processes driven by both chemical and physical forces within the earth’s crust.  Most 
of the desirable elements in mineral deposits of economic significance are concentrated by a 
factor of at least an order of magnitude and more usually several orders of magnitude relative to 
typical crustal abundances.  At elevated concentrations these elements may be considered 
contaminants depending upon their form.  Factors such as the mineralogy and geologic setting 
may render the elements relatively inert or highly mobile and bioavailable (Smith and Huyck 
1999).  The most important geochemical processes with respect to contaminant mobility and 
availability are: 

• Oxidation 
• Reduction 
• Dissolution 
• Precipitation 
• Complexation 
• Ion Exchange and Sorption 
• Dilution 

 
Both the geochemical and physical stability of ore deposits dictates their potential impact on the 
environment and human health.  This section describes the general geochemical conditions and 
processes that mobilize or sequester potentially hazardous substances that are produced and used 
in conventional mining and mineral processing operations.  Two distinct geochemical settings 
occur at the Iron King Mine and Humboldt Smelter AOIs: 
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• Surface waters and unsaturated soils, sediments, and tailings 
• Ground water and saturated soils, sediments, and tailings 

These two settings are significant in that they have distinct physicochemical conditions that lead 
to geochemical reactions that either mobilize or attenuate metals and other constituents.  The 
surface water setting occurs at the air (gas), water (liquid), rock/mineral (solid) interface and 
matter can partition to all three phases.  The ground water setting generally precludes the 
atmosphere and other gas phases.  Because oxygen is the most reactive gas constituent in the 
atmosphere the surface water setting is often aerobic (oxidizing) while the ground water setting 
is generally anaerobic (reducing).  These oxidizing or reducing conditions affect the mobility of 
metals (e.g., arsenic) in the water.   

The relatively small but increasing amounts of carbon dioxide (CO2) gas in the atmosphere is 
also important because of its control of alkalinity (bicarbonate) in precipitation, soils, and 
shallow ground water.  The large reservoir of carbon dioxide gas in the earth’s atmosphere is 
responsible for maintaining the pH of most natural precipitation, surface water, and shallow 
ground water in the slightly acidic (pH ~ 5.6 in rain and snow) to slightly alkaline (pH~8.4 in 
ocean water) range (Howard 1998).  The bicarbonate formed by dissolved CO2 also limits the 
solubility and availability of lead because lead carbonate (cerrusite) is sparingly soluble in 
natural waters. 

3.5.1 Sulfur Geochemistry 

A basic understanding of sulfur chemistry is necessary because its oxidation state sulfur is 
directly or indirectly responsible for mobilizing and precipitating metals in ore deposits and in 
the resulting spoils from mineral processing.  Sulfur as sulfate itself is also a secondary aesthetic 
contaminant at relatively high concentrations in drinking water.  Sulfur is a nonmetallic element 
that usually accompanies volcanic and geothermal energy usually in the form of sulfide (S-2) 
which is sulfur’s lowest oxidation state.  Owing to its atomic structure, sulfur can exists in six 
oxidation states, although only the lowest (S-2) and highest (S+6) oxidation states are common.  
However, important intermediate species occur at the interfaces of air and water saturated media 
(e.g. phreatic zone).  In addition, intermediate sulfur species are also produced by anthropogenic 
activity and released to the atmosphere, water, and soil.  For example, sulfur dioxide gas (S+4) 
and other sulfur aerosols are commonly emitted during smelting of ore and are oxidized in the 
atmosphere where they react with moisture to form acid rain.  Acid rain is a dilute form of 
sulfuric acid (often combined with nitric acid from NOx emissions) and reacts with calcium 
carbonate and other forms of calcium in the soil to form bicarbonate and sulfate minerals such as 
gypsum: 

Reaction 3-1:  CaCO3 (calcite) + H+ + SO4
-2 + 2H2O = CaSO4H2O (gypsum) + HCO3

- 

However, even if the acidity is mitigated by this reaction, the formation of gypsum in soils, 
sediments, and tailings can lead to elevated sulfate levels because at saturation the concentration 
of sulfate is between 1,500 and 2,000 milligrams per liter (mg/L) depending on temperature and 
the concentrations of other constituents.   
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The most common source of reduced sulfur (sulfide S-2) is pyrite (FeS2) which precipitates with 
other ore minerals including galena and arsenopyrite, the primary sources of lead and arsenic.  
Lead maintains relatively stable bonds with sulfide to form the mineral galena (PbS) which is 
generally less reactive than pyrite.  Lead is generally not very mobile (Smith and Huyck 1999) 
because of its tendency to precipitate as mineral sulfides, sulfates, carbonates and phosphates 
that have low solubility except under extreme chemical and physical conditions.  In addition, it 
has a strong tendency to adsorb onto mineral surfaces. 

3.5.2 Generation of Acid Mine Drainage 

Low pH leachate that is generated when sulfide minerals come in contact with oxygenated 
surface and/or ground water with a neutral pH is known as AMD.  Sulfur oxidation products that 
form during AMD generation are commonly expressed in the following geochemical reaction: 

Reaction 3-2:  4FeS2 (pyrite) + 8H2O + 15O2 = 2Fe2O3 (hematite) + 8SO4
-2 + 16H+ 

The acidic conditions (low pH) as described by the release of hydrogen ions increase metal 
mobility.  The occurrence and rate of formation of AMD is dictated not only by the presence of 
oxygen (i.e., air), but also by the physical characteristics of the sulfide bearing materials, water 
content and flow regime, competing neutralization reactions, alternative reaction products, and 
microbiological facilitation.  For example, even if the neutralizing capacity of the tailings 
exceeds the acid generation capacity, sulfate and other constituents can still be released under 
neutral pH conditions and stored in the form of gypsum (see Reaction 3-1 above) and other salts.  
These constituents are subsequently re-released to the environment by dissolution when coming 
in contact with water that has a neutral pH.  This reaction is key to understanding ground water 
impacts at mine sites.  Typical mine impacts are reflected by the presence of sulfate plumes that 
are a byproduct of AMD generation. 

3.5.3 Assessment of AMD and Contaminant Leaching Potentials 

The widespread occurrence of AMD at mine sites necessitated a multitude of materials 
characterization and testing procedures to assess the potential of mine materials and wastes to 
form AMD (EPA 1994a).  The most widely used test is ABA, which is a static testing procedure.  
Several laboratory methods have been developed to conduct ABA but the underlying basis of the 
procedure is to determine: 

• Acid Generation Potential (AGP).  The first aspect is to determine the sulfur content of 
the sample.  From this analysis the acid generating potential can be assessed using the 
stoichiomeistry of alternative pyrite oxidation reactions like the one provided in Reaction 
3-2.  The sophistication of ABA analyses has increased since the inception of this testing 
procedure and now it is common to determine the separate forms of sulfur present in the 
mine sample.  If sulfur forms are determined, it is most common to determine AGP from 
the pyritic (reduced) sulfur fraction.   
 

• Acid Neutralizing Potential (ANP).  The second key aspect of ABA is to determine the 
neutralizing potential of the sample, usually with a quantitative acid titration procedure.  
In parallel with the improvements in AGP determinations, the measurement of 
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neutralizing potential of the sample has also evolved to account for available and 
unavailable alkalinity. 

From AGP and ANP determinations the Acid Base Potential (ABP) is determined by subtraction: 

Equation 3-1:  ABP = ANP – AGP (a.k.a, Net Neutralizing Potential [NNP]) 

The units of AGP, ANP, and ABP are usually expressed in tons of calcium carbonate (CaCO3) 
per kiloton of sample/ore (t/kt).  Negative ABP values indicate a net acid generation capacity and 
positive values indicate a net neutralizing capacity.  Values close to zero indicate a balance of 
acid generation to acid neutralization.  Several criteria have been developed to interpret ABA 
data and to impart safety factors to account for unrealized acid generating or acid neutralization 
potential owing to kinetic and other factors.  Morin and Hutt (1997) provide a critical evaluation 
of these criteria.  The following guide was used to evaluate AMD (Ferguson and Morin 1991):  

• ABP < -20 t/kton – Highly likely to generate AMD 
• ABP > -20 t/kton but < 20 t/kton – Intermittent with respect to AMD 
• ABP > 20 t/kton – Not likely to generate AMD. 

ABA testing is often augmented by leach testing of materials to determine contaminant leaching 
potential under conditions conducive to AMD generation.  The SPLP testing procedure is less 
commonly used than kinetic testing on tailings, but is a useful procedure as a comparative basis 
for SPLP tests conducted on soil samples from the Site.  The SPLP is an agitated batch (static) 
leaching/desorption test and can only provide an indication of the solubility of water soluble 
components in the sample in a dilute aqueous solution.  Samples are usually leached with a 
synthetic precipitation solution with an initial pH of 5.  The solution is unbuffered and the pH at 
the end of the test may deviate from this value if the sample produces excess acidity or alkalinity.  
Because of the short duration (16 to 20 hours) and high fluid to solid ratio (20:1) air oxidation 
reactions are precluded so AMD formation cannot be predicted from this procedure.  However, 
solid residue products and sorbed constituents from AMD production may be dissolved in SPLP 
leachates and reported in the analysis.  

3.6 HYDROGEOLOGY 

Ground water in the vicinity of the Site occurs within a shallow unconfined alluvial system as 
well as in a deeper fractured bedrock system.  In general, ground water within the alluvium is 
encountered at depths between 30 and 50 feet bgs under unconfined conditions with flow that 
generally follows topography.  As such, ground water flows east from the Iron King Mine 
towards the Chaparral Gulch.   

Ground water also flows under confined conditions within the fracture system of the 
metamorphic bedrock underlying at the Site.  Therefore, bedrock ground water levels vary with 
geologic unit, well depth, and local hydrogeologic conditions.   

Interaction between the shallow alluvial and deeper bedrock is unknown at this time, though it is 
thought that deep bedrock ground water (e.g., from Old Mine Shaft No. 7) at a higher elevation 
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has the potential to impact the alluvial aquifer due to the change in elevation between the two 
units. 

Portions of the Town of Dewey-Humboldt and the Site are within the boundary of the Prescott 
Ground Water Active Management Area (AMA).  The Prescott AMA is under the direction of 
the Arizona Department of Water Resources (ADWR) and was instituted to reduce localized 
ground water overuse.  The goal was to ensure that volume withdrawn from the aquifers was less 
than or equal to the recharge volume.  

The AMA contains two subbasins or watershed areas. The Little Chino includes Granite Creek, 
which originates near Prescott and flows northward into Chino Valley.  The Upper Agua Fria 
originates near Prescott Valley and flows southeast toward Humboldt.  Each subbasin contains 
ground water ranging from just below the soil surface to a depth greater than 500-feet.  

The Prescott AMA monitors agricultural, municipal, and industrial water users within its 
boundaries.  In 1995, agriculture accounted for 35% of ground water use.  Municipalities 
accounted for 61% of the total and industrial users consumed the remaining 4%.  However, these 
totals did not include private wells that pump less than 35 gallons per minute for domestic use.     

3.7 METEOROLOGY 

The Site is located in a mountainous region of Arizona and has an average high temperature of 
approximately 50-degrees Fahrenheit in the winter and 90-degrees Fahrenheit in the summer.  
The wind direction tends to come from the south-southwest at an average speed of 6 miles per 
hour and is slightly calmer during the summer months; additional information is provided in 
Section 5 in conjunction with the presentation of wind data. Precipitation tends to fall during the 
monsoon season (i.e., July and August) and again during the winter (e.g., December), with an 
average annual rainfall of less than 20 inches. 

 
3.8 SURFACE WATER HYDROLOGY 

Surface-water features may include erosion patterns and surface-water bodies such as ditches, 
streams, ponds, and rivers. The transport of contaminants in surface-water bodies is largely 
controlled by flow, which in streams is a function of the gradient, geometry, and coefficient of 
friction. 

The Aerial Photographic Analysis (EPA 2008a) presents a detailed historical accounting of 
surface water flow and impoundments for the Iron King Mine and Humboldt Smelter.  This 
information is comprehensively presented in the report and will not be repeated here for brevity.  
However, important surface water migration features are presented in below (see Figure 3-2). 

3.8.1 Iron King Mine AOI 

Surface elevations of the Iron King Mine AOI range from approximately 4,822 feet above sea 
level in the western part of the section of the mine to approximately 4,520 feet above sea level 
along Chaparral Gulch in the northeast.  Surface water from the Iron King Mine AOI flows to 
either the Chaparral Gulch to the north or Galena Gulch to the south (see Figure 3-2).   
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3.8.1.1 Iron King Mine Proper Area 

The Iron King Mine Proper Area consists of the Iron King Mine Main Tailings Pile and the Iron 
King Mine Mine Plant.  Surface water from the Iron King Mine Main Tailings Pile flows into a 
series of storm water retention ponds (e.g., Main Retention Ponds, 200-55, etc.).  Surface water 
from the Iron King Mine Mine Plant flows to three storm water retention ponds (i.e., 40-01A, 40-
02A, and 100-003F); these ponds also serve to handle overflow from the Iron King Mine Main 
Tailings Pile as necessary (see Figure 3-2).  Although these ponds do hold water for a portion of 
the year (e.g., during heavy rains associated with monsoon season), they are normally dry. 

The NAI Storm Water Pollution Prevention Plan (SWPPP) provides an analysis of the surface 
water runoff from Iron King Mine Proper Area (see Appendix A-5).  According to the plan, all 
runoff from a 100-year storm event would be contained by a system of nine retention ponds.  A 
figure depicting the location and designations of each of the retention ponds and table with the 
storage capacity is presented in the SWPPP.  

The Aerial Photographic Analysis (EPA 2008a) provides evidence that surface water from this 
area has historically not always been contained.  In addition, the ADEQ WQD issued a NOV to 
the operator of the facility on 31 March 2003 for releases into an unnamed wash, tributary of 
Chaparral Gulch.  Subsequently, the facility made modifications to achieve compliance and 
fulfilled the ADEQ obligations regarding storm water discharge. 

It should be noted that during the EPA RI field investigation, there were a few storm events with 
rainfall totals approaching 1-inch over a short duration (i.e., 1-hour or less).  During these events, 
storm water from the Iron King Mine Main Tailings Pile or Iron King Mine Mine Plant appeared 
to be contained within the retention ponds.   

3.8.1.2 Iron King Mine Operations Area 

The Iron King Mine Operations Area is framed by Chaparral Gulch to the north and Galena 
Gulch to the south.  With the exception of the Glory Hole and immediately surrounding area, all 
runoff from the site flows into these two waterways (see Figure 3-2).  Although there are storm 
water controls (e.g., hay bales) south of the industrial buildings, west of the Glory Hole, and west 
of the Small Tailings Pile, these controls did not contain storm water runoff during the EPA RI 
field investigation.  During the investigation, there were a few storm events with rainfall totals 
approaching 1-inch over a short duration (i.e., 1-hour or less).  Hay bales failed to control storm 
water south of the industrial buildings during these events, when storm water was observed 
flowing into Galena Gulch.  Similarly, the hay bales to the west of the Small Tailings Pile failed 
to control storm water transport in this area.  The hay bales seemed to be effective during small 
storm events, but hay bales were washed away during the larger storm events.  In addition, the 
ADEQ WQD issued a NOV to the operator of the facility on 10 November 2003, for releases 
from the Iron King Waste Reduction and Recycling Facility into an unnamed wash, tributary of 
Galena Gulch.  The Aerial Photographic Analysis (EPA 2008a) provides evidence that surface 
water from this area has historically not been contained. 
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3.8.1.3 Iron King Mine Small Tailings Pile 

The Chaparral Gulch borders the Small Tailings Pile from the northwest to the southeast.  
Surface water readily flows in, around, and through this area into the Chaparral Gulch (see 
Figure 3-2).  Also, during the monsoon season, a surface water pond has appeared on the Small 
Tailings Pile.  There are no storm water controls mitigating surface water migration from this 
area.  The Aerial Photographic Analysis (EPA 2008a) provides evidence that surface water from 
this area has historically not been contained.  

3.8.1.4 Iron King Mine Former Fertilizer Plant 

The Galena Gulch borders the Former Fertilizer Plant to the west and south.  The ADEQ 
conducted a site inspection of the facility and issued a NOV for sludge, raw sewage, and storm 
water discharge into Galena Gulch.  Subsequently, the facility ceased operation, drained the 
tanks, and constructed a berm as corrective actions.  After the corrective actions were completed 
by Aqua Tec, the NOV was closed.  Nevertheless, there are no storm water controls mitigating 
surface water migration from this area, so surface water readily flows in, around, and through 
this area into the Galena Gulch (see Figure 3-2).  The Aerial Photographic Analysis (EPA 2008a) 
provides evidence that surface water from this area has historically not been contained.  

3.8.1.5 Iron King Mine Salvage Yard 

The Galena Gulch borders the Salvage Yard to the south.  Surface water from the Salvage Yard 
readily flows south into an unnamed tributary, which then flows into Galena Gulch to the south 
(see Figure 3-2).  Also, surface water was observed flowing north, then east along Iron King 
Mine Road, before eventually flowing into Chaparral Gulch.  There are no storm water controls 
mitigating surface water migration from this area.  The Aerial Photographic Analysis (EPA 
2008a) provides evidence that surface water from this area has historically not been contained. 

3.8.2 Humboldt Smelter AOI 

The surface elevations of the Humboldt Smelter section of the site range from approximately 
4,600 feet above sea level in the central section of the smelter to approximately 4,400 feet above 
sea level in the southern part of the smelter, where the Lower Chaparral Gulch joins the Agua 
Fria River.   

Storm water from the northeast areas of the Humboldt Smelter (i.e., Ash and Slag Piles) flows 
into the Agua Fria River (see Figure 3-2).  Although the storm water retention pond has not 
contained water during any of the EPA RI Field Investigation, ash is deposited in the bottom and 
the pond may receive storm water from the northwest portion of the property.  Storm water from 
the southwest areas of the Humboldt Smelter (i.e., Tailings Pile) flows into the Lower Chaparral 
Gulch.  On 30 August 2004, the ADEQ issued two NOVs for unpermitted releases of tailings to 
Chaparral Gulch, which is a violation of SWQS.  There are no storm water controls mitigating 
surface water migration from this area.   

The Aerial Photographic Analysis (EPA 2008a) provides evidence that surface water from this 
area has historically not been contained.  It also demonstrates that storm water used to flow 
northward, toward Prescott Street, before continuing eastward into the Agua Fria River.  This 



  EA Project No. 14342.34 
  Page 52 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

surface water migration pathway has been mitigated by recent residential development of this 
area.    

3.8.3 Waterways AOI 

The Waterways AOI includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls. 

3.8.3.1 Agua Fria River 

The Agua Fria borders the eastern portion of Humboldt Smelter and joins the Chaparral Gulch at 
the confluence southwest of the Humboldt Smelter.  Although the Agua Fria River is intermittent 
along some stretches, it was observed flowing from a few miles north of the Site to well past the 
Site throughout the year.  It receives storm water from the northern reaches of the Agua Fria 
River, where farming, livestock, and point sources enter.  Near the Site, storm water enters the 
Agua Fria from the residential areas to the east and the Humboldt Smelter to the west (see Figure 
3-2).  During high rain events, the Agua Fria River receives considerable flow from the 
Chaparral Gulch; however, for most of the year, the overall contribution from the Chaparral 
Gulch is limited.  Approximately 2 miles past the confluence with Chaparral Gulch, the Agua 
Fria River receives surface water from the Galena Gulch during high rain events.  

3.8.3.2 Chaparral Gulch 

Most of the Chaparral Gulch is an intermittent waterway that typically only conveys water 
during high rain events.  During small rain events, surface water infiltrates directly into the 
underlying soil and does not generate runoff.   

The Upper Chaparral Gulch is an intermittent waterway that receives runoff from its upper 
reaches and from the largely undeveloped area to the north.  Along its border with the Iron King 
Mine AOI, the Upper Chaparral Gulch receives storm water from the Iron King Mine Operations 
Area, Small Tailings Pile, and downslope of the Iron King Mine Proper Area (see Figure 3-2).  It 
also receives surface water from along the northern portion of Iron King Road as wells as a small 
contribution from the Iron King Mine Salvage Yard.  Storm water from west of Highway 69 also 
flows into Upper Chaparral Gulch as does the residential area to the north.   

The Upper  Chaparral Gulch 

The Middle Chaparral Gulch is an intermittent waterway that receives storm water from a large 
watershed that is bordered by Highway 69 to the west, Main Street to the north and east, and 
3rd Street to the South (see Figure 3-2).  This area contains many residential and 
commercial/industrial properties, as well as some livestock areas.  The Middle Chaparral Gulch 
also receives all of the surface water flow from the Upper Chaparral Gulch via an underground 
culvert beneath Highway 69.   

The Middle Chaparral Gulch 
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The Lower Chaparral Gulch is an intermittent waterway that receives most of its surface water 
transport from the larger upstream watersheds.  A smaller surface water contribution originates 
from the Small Tailings Pile area to the north and from undeveloped land to the south (see Figure 
3-2).  Near the Tailings Pile and Dam, there is a ground water to surface water transport 
component that contributes water to the Lower Chaparral Gulch; this contribution has been 
observed several times throughout the year and is likely due to the narrowing of the canyon, 
which allows ground water to emanate as surface water.  This is supported by the fact that the 
ground water level in MW-02-S is approximately 20-feet higher than the top of the dam; the 
depth to water in MW-02-S is approximately 40-feet bgs and the difference in elevation is 
approximately 60-feet.  

The Lower  Chaparral Gulch 

The Lower Chaparral Gulch Dam – Confluence receives almost all of its surface water transport 
from the larger upstream watersheds.  A very small surface water contribution may come from 
areas to the north and south; however, due to the steepness of the canyon, this contribution is 
relatively very small (see Figure 3-2).  There may be a ground water to surface water transport 
migration pathway within this reach, but due to the aquatic environment, it has not been 
observed.  This is supported by the fact that the ground water level in MW-02-S is approximately 
20-feet higher than the top of the dam; the depth to water in MW-02-S is approximately 40-feet 
bgs and the difference in elevation is approximately 60-feet.   

The Lower  Chaparral Gulch Dam - Confluence 

Surface water is normally flowing in this area throughout the year due to the presence of the 
dam, which, although the dam is full of sediments, acts as a reservoir for surface water to slowly 
emanate from the sluice at its base.   

3.8.3.3 Galena Gulch 

Most of the Galena Gulch is an intermittent waterway that typically only conveys water during 
high rain events.  During small rain events, surface water infiltrates directly into the underlying 
soil and does not generate runoff.  The Galena Gulch receives runoff from its upper reaches and 
from the largely undeveloped area to the east (see Figure 3-2).  Along its border with the Iron 
King Mine AOI, the Galena Gulch receives storm water from the Iron King Mine Operations 
Area, Iron King Mine Former Fertilizer Plant, Iron King Mine Salvage Yard, and most of the 
remaining area to the south of Iron King Mine Road.  Storm water from east and west of 
Highway 69 flows into Galena Gulch, and approximately one mile downstream from where it 
passes under Highway 69, the Galena Gulch flows into the Agua Fria River.      

3.9 CULTURAL AND HISTORICAL FEATURES 

This section provides a brief description of the Site’s cultural and historical features.  The 
primary source of information was the Cultural Resource and Historic Building Survey (ACS 
2008), which is provided electronically in Appendix A-1.   
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3.9.1 Cultural Features 

Cultural information was adopted from “Mining was the backbone of Val Verde (now 
Humboldt)” (Leavitt 2003).  Dewey-Humboldt's recorded history begins with the petroglyphs or 
rock carvings that were left by the Indians who lived in the area.  Pit houses, shafts, and other 
evidence that were found in the land surrounding present-day Humboldt in the 1860s indicate 
that American Indian communities mined and farmed in the region from 900 A.D. to 1300 A.D.  
After this period, the Indian community called the Yavapai Tribe migrated east from Colorado 
and settled in present-day Arizona, where they were later relocated to the Yavapai-Prescott 
Reservation in 1935. 

Many rich veins of ore were discovered in the mountain ranges of Arizona during the late 1800s.  
Humboldt’s economy was booming in 1917; the mines produced more than two million pounds 
of copper and lead each month.  Yet by the time World War I ended in 1918, the population of 
Humboldt was beginning a decline.  Between 1922 and 1927, the smelter only operated 
intermittently.  Because the town's survival depended almost entirely on the mining business, it 
suffered dramatically after the Humboldt smelter closed in 1937.  

When another vein of ore was discovered in Humboldt and the Iron King Mine began operation 
there in 1934, the town was rejuvenated.  Nevertheless, Humboldt experienced a depressed 
economy and shrinking population during the 1940s and 1950s.  Though the Iron King Mine 
closed in the late 1960s, it did not affect most the population of Humboldt because by this time 
few miners actually lived in the town.  

Humboldt remains active after the closing of its mines, partly a result of its location on the well-
traveled highway between Prescott and Phoenix. Since the 1970s, the town has exhibited slow 
but steady growth.  Today, Humboldt is primarily a quiet residential town that houses mainly 
families and retirees.  

3.9.1.1 Historical Features 

A Cultural Resource and Historic Building Survey (ACS 2008) was completed in November 
2008 in compliance with Section 106 of the NHPA. This effort consisted of archival research, a 
Class III intensive cultural resource survey, and a historic building survey. The survey also 
addresses National Register eligibility criteria, research domains, and management 
recommendations for those features that warrant National Register of Historic Places 
consideration. 

3.9.1.2 Iron King Mine 

Noteworthy historical features at the Iron King Mine include the ruins of an historic homestead 
in the northeast corner of the Iron King Mine Operations Area, modern-historic standing 
architecture and recently demolished historic buildings in the southern portion of the Iron King 
Mine Operations Area and Former Fertilizer Plant, an historic artifact scatter, and an unmarked 
gravesite in the Iron King Mine Proper Area, not far from the NAI buildings. 
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3.9.1.3 Humboldt Smelter 

Noteworthy historical features at Humboldt Smelter include a prehistoric artifact scatter; 
numerous ruins and foundations from various smelter activities in the northeast quadrant of the 
site; the remnants of the Nob Hill residential area, where smelter managers had upscale 
residences in the 1920s and early 1930s; an historic smelter complex; and an historic dam.  

3.9.1.4 National Register of Historic Places Eligibility 

Throughout the years, both the Iron King Mine and Humboldt Smelter properties have 
undergone many changes that have contributed to the overall decline in the historic conditions of 
the properties.  These activities include significant demolition, relocation of buildings, and earth 
moving.  A large majority of the historical structures on both Iron King Mine and Humboldt 
Smelter have either been destroyed or are in poor condition.  All these activities have contributed 
to a loss of integrity in setting, feeling, or association.  The historic integrity of the properties has 
been so compromised over time that the properties no longer communicate their historic 
character.   

The Cultural Resource and Historic Building Survey (ACS 2008) concluded that both the Iron 
King Mine and the Humboldt Smelter are ineligible for listing on the National Register of 
Historic Places under Criterion A (events), B (people), and C (architecture).  However, both the 
Iron King Mine and the Humboldt Smelter are eligible for inclusion in the National Register of 
Historic Places under Criterion D.  Criterion D is for resources that have yielded, or may be 
likely to yield, information important in prehistory or history.  Both properties yield important 
information regarding the history of the Big Bug Mining District.  In December 2008, the 
Arizona State Historian Preservation Office (SHPO) reviewed the report and concurred with the 
eligibility recommendations of the two sites, under Criterion D.  In February 2009, EPA also 
concurred with the eligibility recommendations.   

After further consultation with the SHPO, EPA recommends additional cultural resource work in 
the area of the unmarked historic gravesite within the Iron King Mine.  EPA will disinter and 
relocate the remains according to state laws pertaining to unmarked and unregistered cemeteries 
and graves prior to any disturbance from remedial activities in the area.  EPA will follow the 
recommendations in the report pertaining to this gravesite and will coordinate with the SHPO 
throughout the planning and execution process.  Once the burial removal is completed, EPA’s 
project will have no adverse effect on the characteristics of the sites that qualify them for 
inclusion in the National Register of Historic Places.  EPA concluded that significant additional 
archaeological testing would not add to the information potential of the sites and would 
potentially expose archeological workers to unnecessary risks from physical and chemical 
hazards.  The SHPO concurred with EPA’s conclusion on 19 February 2009.  

3.10 DEMOGRAPHY AND LAND USE/REUSE 

This section provides a description of the demographics and land use/reuse in the vicinity of the 
Site.   
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3.10.1 Demographics 

The Site is located in Dewey-Humboldt, Arizona, which was incorporated in 2004.  The area was 
unincorporated at the time of the 2000 Census, but was listed as a Census-Designated Place.  
According to the 2000 Census (US Census Bureau 2000), the total population of 
Dewey-Humboldt was 6,295 (see Table 3-1).   

The 2000 Census reported that approximately 31 percent of the population was over the age of 
65, which is above the Arizona state average of 13 percent (US Census Bureau 2000).  
Approximately 18 percent of the population was under the age of 19.  Among the population 
over age 25, 84 percent were high school graduates and 14 percent had a Bachelor’s degree or 
higher.  There were 3,358 housing units in the city and the average household size was 2.25.  
Approximately 26 percent of the population was on disability status.   

Minorities account for a small percentage of the total population (US Census Bureau 2000).  
Among the minority population, a total of 14 people identified themselves as Black or African-
American; 37 as American Indian and Alaska Native; 21 as Asian; 328 as Hispanic or Latino; 
and 57 as two or more races.  Five percent of the population indicated that they speak a language 
other than English at home. 

According to the 2000 Census data, the median family income in Dewey-Humboldt was $41,232 
in 1999, which was below the U.S. median family income of $50,046 (US Census Bureau 2000).  
Based on the reported 1999 income data, the Census Bureau estimates 100 families in 
Dewey-Humboldt were living below the poverty level.  According to the Arizona Department of 
Commerce (2007), the unemployment rate was 2.7 percent in 2000 and 2.6 percent in 2007.    

3.10.2 Land Use/Reuse 

Superfund remedy selection determines the extent to which hazardous constituents remain at the 
Site, and therefore affect subsequent available land and ground water uses.  Future land use 
assumptions allow the cleanup alternatives evaluation to be focused on developing practicable 
and cost effective remedial alternatives.  Land uses that will be available following completion 
of site cleanup are determined during the remedy selection process.  During this process, the goal 
of realizing reasonably anticipated future land uses is considered along with other factors. Any 
combination of unrestricted uses, restricted uses, or use for long- term waste management may 
result. 

3.10.2.1 Stakeholder Considerations 

In July 2009, EPA conducted a site visit and discussed potential future land use opportunities 
with stakeholders, including current property owners, elected officials, ADEQ, town staff, and 
interested community members at the Town Council Meeting.  Information gathered from these 
discussions and data collected from additional research informed the reasonably anticipated 
future uses of the Site listed below.  
 
Town of Dewey-Humboldt 2009 General Plan – The General Plan is a comprehensive guide to 
the future of Dewey-Humboldt and serves as a framework for revising the community’s planning 
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directions.  The town’s vision for the future focuses on preserving its low-density lifestyle and 
rural character.  Per the General Plan, future development may include limited commercial 
expansion as needed to fit the needs of the community, but industrial uses would likely not be 
consistent with the future vision.  The Town’s Future Land Use Plan designates the Iron King 
Mine – Humboldt Smelter Superfund Site as a special study area.  While the underlying zoning 
remains industrial, the Town’s goal is that the future land use of these areas will be consistent 
with General Plan and Vision.  The Town may reevaluate the special study area designation as 
more information about the Site becomes available or after the EPA completes a reuse 
assessment and RI/FS for the Site.  
 
Property Owners – While the Site is made up of a variety of property owners, there is some 
commonality among their interests. In general, these landowners are interested in returning or 
maintaining the land in a productive use.  A range of opportunities have been identified that 
could provide employment and economic development opportunities, recreation and industrial 
heritage resources, as well as renewable energy generation opportunities.  The different future 
land use types mentioned included continued industrial and manufacturing uses, mixed uses 
(residential and commercial), mining and smelting museum or library, open space, public 
recreational trails, and energy generated from solar or wind faculties.  It was recognized that a 
single land use will not be suitable for the entire Site, but a mixture of land uses will be 
employed for the many parcels.  
 
Community – While there is a range of views about the future uses of the Site, a common theme 
expressed by community members and elected officials is that any future use should be safe (for 
humans and the environment) and comply with environmental regulations.  
 
Other Stakeholders – The Site is surrounded by a variety of land uses, including Bureau of 
Land Management and Arizona State Land Department lands that are currently providing open 
space views for the Town.  However, these lands do not currently allow for public access.  
Bureau of Land Management lands may be designated for recreational purposes following a 
master planning and application process.  Arizona State Trust Lands are held assets for Trust 
beneficiaries and could be sold or leased in the future for development with proceeds going to 
designated recipients, such as public schools.  
 
Other Initiatives – There are other planning initiatives either in development or under 
consideration by the town that could have future use implications for the Site.  This includes an 
Open Space Committee that is part of the Arizona Preserve Initiative and a Historic Preservation 
Overlay for the downtown core, which could include the Humboldt Smelter.  
 
3.10.2.2 Reasonably Anticipated Future Uses  

The following reasonably anticipated future uses are based on discussions with site stakeholders 
and information gathered from additional research.  The future uses reflect ranges of future use 
possibilities for each area of the Site.  
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Iron King Mine AOI  

The Iron King Operations Area is currently zoned for industrial uses.  Reasonably anticipated 
future uses for this area include:  commercial, industrial, manufacturing, and renewable energy.  

The Iron King Mine Proper Area is currently zoned for industrial uses.  Reasonably anticipated 
future uses for this area include:  commercial, industrial, manufacturing, renewable energy, 
mining heritage, and open space.  

The Former Fertilizer Plant Area is currently zoned for industrial uses.  Reasonably anticipated 
future uses for this area include:  commercial, industrial, and renewable energy.  

Humboldt Smelter AOI 

The Humboldt Smelter area is currently zoned for industrial uses.  Reasonably anticipated future 
uses for this area include:  commercial, industrial, renewable energy, mining heritage, 
residential, and recreational. 

3.11 ECOLOGY  

This section provides a description of the ecology in the vicinity of the Site.  The primary 
sources of information were the Biological Evaluation (Envirosystems Management, Inc. 2009) 
and Riparian Evaluation and Jurisdictional Determination (Westland Resources, Inc. 2009), 
which are provided electronically in Appendix A-1. 

3.11.1.1 Plant Communities 

The project site is located in the Arizona chaparral sub-type of the Interior Chaparral Biotic 
Community, which is largely composed of grasslands, chaparral, and pinyon/juniper woodlands.  
Chaparral shrublands in Arizona occur on generally rough to rolling, discontinuous, mountainous 
terrain south of the Mogollon Rim.  The topography is characterized as steep to rolling uplands 
dissected by steep-walled canyons.  Chaparral vegetative communities in Arizona are found in a 
discontinuous band across the central part of the State from northwest to southeast.   

Mining activities and industrialization on the project sites have resulted in severely degraded, yet 
generally accessible habitat for wildlife species potentially present in the area.  Terrestrial 
habitats immediately surrounding the project site include areas of rural development, natural 
surface roads, and interior chaparral with riparian habitats along drainages. 

The dominant riparian and upland plant species present at the Site are as follows: 

• Iron King Mine Proper Area – Most of the area has very sparse or no vegetation, but 
patches of shrub live oak (Quercus turbinella) are located around the southern edge of the 
Iron King Mine Main Tailings Pile, while willow (Salix spp) and cottonwood (Populus 
fremontii) trees line the linear retention pond on the eastern border (see Figure 3 of the 
Biological Evaluation in Appendix A-1). 
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• Iron King Mine Operations Area – Vegetation is almost nonexistent from the southern 
border to north of the Glory Hole due to the industrial activities and the recent earth 
moving (i.e., regrading) of the surface (see Figure 3 of the Biological Evaluation in 
Appendix A-1).  The northern half of the area is largely covered with scrub live oak, 
Arizona walnut (Juglans major), velvet mesquite (Prosopis velutina), rubber rabbitbrush 
(Ericameria nauseosa), and broom snakeweed (Gutierrezia sarothrae).   
 

• Iron King Mine Former Fertilizer Plant and Salvage Yard – Vegetation is almost 
nonexistent in these areas due to historical or current industrial activities. 
 

• Iron King Mine Small Tailings Pile – Vegetation is sparse on the tailings pile itself, but 
the bordering area has shrub live oak, rubber rabbitbrush, broom snakeweed, and Arizona 
walnut (see Figure 3 of the Biological Evaluation in Appendix A-1).   
 

• Humboldt Smelter - Vegetation is sparse to nonexistent on the major surface deposits, 
the slag, ash, and tailings pile (see Figure 4 of the Biological Evaluation in 
Appendix A-1).  Arizona walnut, shrub live oak, and catclaw acacia (Acacia greggii) 
dominate the southern half of the area, while the northern half is more open and grassy, 
characterized by broom snakeweed (Gutierrezia sarothrae), rubber rabbitbrush 
(Ericameria nauseosa), and blue grama (Boateloua gracilis). 
 

• Waterways – Riparian vegetation is found primarily along the Agua Fria River and 
Chaparral Gulch, as the Galena Gulch did not exhibit riparian characteristics in areas near 
the Site.  The riparian corridors that border the Humboldt Smelter (i.e., the Lower 
Chaparral Gulch, the Lower Chaparral Dam to Confluence, and the Agua Fria River) 
have communities of cottonwood, willow, and tamarisk (Tamarix spp.) trees (see Figure 
4 of the Biological Evaluation in Appendix A-1).  Seven wetland areas are present within 
the Lower Chaparral Gulch (i.e., above and below the dam) that have developed as a 
result of sedimentation in Lower Chaparral Gulch behind the dam. 

3.11.1.2 Wildlife 

Wildlife observed at the site includes cottontail rabbits (Sylvilagus floridanus), Gambel’s quail 
(Callipepla gambelii), desert grassland whiptail lizard (Aspidoscelis uniparens), common raven 
(Corvus corax), white-tailed deer (Odocoileus virginianus), javelina (Pecari tajacu), and road 
runner (Geococcyx californianus). 

Other wildlife that could be expected to appear at the Site include the coyote (Canis latrans), or 
prairie wolf, which roams through the length and breadth of Arizona. The black-tailed deer 
(Odocoileus hemionus columbianus) is common in the northern and central portions of the state. 
Cougars (Puma concolor) also exist in the central portion of the state.  

The antelope is commonly found on the elevated mesas and grassy plains in the region, and 
foxes and wildcats are extensively distributed, some of the latter reaching a very large size. The 
wood rat, the kangaroo rat, and the white mouse are found in all parts of the state. Gophers and 
squirrels are also numerous (University of Arizona 2008a).  
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3.11.1.3 Special-Status Species 

The Biological Evaluation identified 16 special-status species that were known to occur or had 
the potential to occur in Yavapai County and evaluated them for known occurrence or the 
presence of suitable habitat at the Site.  Of the 16 species, only five were identified as having 
suitable habitat onsite and none were confirmed to be present onsite.  Suitable habitat is available 
for the bald eagle, Chiricahua leopard frog, Gila chub, Headwater chub, and Arizona toad.  Of 
these five, the Gila chub is federally listed as endangered, the bald eagle and Chiricahua leopard 
frog are federally listed as threatened, the Arizona toad is an Arizona state species of concern, 
and the Headwater chub is currently a candidate for federal and state protected status.  All of the 
identified habitat area is limited to the riparian areas within the Agua Fria River and Lower 
Chaparral Gulch. 

4. ANALYTICAL DATA SUMMARY 

This section contains a summary of the analytical data from historic and EPA RI activities that 
met DQA goals.  These data are considered suitable for developing the CSM, estimating human 
health and ecological risks, and making remedial decisions. 

EPA RI field investigation data were summarized in Section 2, so this information was not 
repeated in this section for brevity.  Section 4.1 summarizes the historic data that met DQA 
goals.  A summary of the combined historic and EPA RI field investigation dataset, which was 
used in remaining sections of this RI Report, is presented in Section 4.2.  Section 4.3 provides an 
evaluation of data usability as related to the project-specific DQOs presented in the SAP (EA 
2008c), DESR (EA 2009b), and DESR Addendum (EA 2009c).   

4.1 HISTORIC DATA SUMMARY 

Historical data were evaluated to ensure that it met DQA goals for incorporation into this RI 
Report.  The following DQA goals were used to evaluate historical data: 
 

• Collected in accordance with generally accepted practices for data collection  
• Sample locations documented using GPS or other definitive identifier 
• Demonstrated a chain-of-custody from sample collection through analyses 
• Analyzed by an acceptable ADEQ or EPA accredited laboratory 
• Validated using EPA data validation rules 
• Represented current conditions at the Site 

 
The historical dataset included surface water, ground water, and soil data collected since 1988 as 
documented in the ESI (ADEQ 2006).  An evaluation of the data from these three media is 
provided below.  Ambient air was not sampled during previous investigations.  Therefore, no 
historic ambient air data were incorporated into the RI Report.   
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4.1.1 Historical Surface Water and Ground Water Data 

Because surface water and ground water data have a strong temporal component, only the most 
recent data (i.e., collected within the past two years) are considered representative of current 
conditions.  Therefore, no historical surface water or ground water data were incorporated into 
this RI Report.  Given the paucity of historical surface water and ground water data in 
comparison to the robustness of the EPA RI field investigation data, eliminating these data is not 
likely to affect the conclusions derived in this RI Report.    
 
4.1.2 Historical Soil Data 

Soils in denuded or sparsely vegetated areas can have a slight temporal component due to air 
particulate or storm water migration.  This is particularly true for the majority of the Site, where 
vegetative cover is typically less than 40 to 60 percent.  However, soils are not considered 
mobile enough to have a significant temporal aspect, so soil data was not eliminated from 
consideration for this basis.     
 
Historical soil data collected prior to 2002 and some soil data collected since 2002 were not 
documented adequately to meet DQA goals.  Nevertheless, soil data from the following reports 
were incorporated into the RI Report:  
 

• 2002 Iron King Mine ADEQ PA/SI Report (ADEQ 2002a) 
• 2004 Humboldt Smelter ADEQ PA/SI Report (ADEQ 2004) 
• 2005 EPA Removal Assessment Report (Ecology & Environment 2005) 
• 2008 Revised Ironite Environmental Project Work Plan (Brown and Caldwell 2007)  

 
A summary of the historical soil data that were considered acceptable for the RI Report is 
provided in Table 4-1.  Samples that met the DQA goals are presented in Tables 4-2 and 4-3.  
Data are provided in electronic form in Appendix A-3.  
 
4.1.2.1 Preliminary Assessment/Site Inspection Report (2002) 

In April 2002, the ADEQ performed a PA/SI of the Iron King Mine and nearby properties 
(ADEQ 2002a).  ADEQ collected samples to determine whether hazardous substances had been 
released to surface, subsurface soils, and sediments.  Samples were analyzed for total metals, 
cyanide, sulfate, and pH.  These samples were submitted with chain-of-custody documentation to 
assigned CLP laboratories or to the EPA Region 9 Laboratory for analyses.  Data were validated 
in accordance with CLP National Functional Guidelines and were considered acceptable for 
inclusion in this RI Report.  

4.1.2.2 Preliminary Assessment/Site Inspection Report (2004) 

In January 2004, the ADEQ performed a PA/SI of the Humboldt Smelter at the request of the 
EPA (ADEQ 2004) to determine in there had been a release of hazardous material to soil and 
sediment.  Samples were analyzed for total metals, cyanide, sulfate, and SVOCs.  These samples 
were submitted with chain-of-custody documentation to the EPA Region 9 Laboratory for 
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analyses.  Data were validated in accordance with CLP National Functional Guidelines and were 
considered acceptable for inclusion in this RI Report. 

4.1.2.3 Soil Removal Assessment (2005) 

In August 2005, the EPA Superfund Technical Assessment and Response Team conducted a 
removal assessment of surface soils at residential properties along Chaparral Gulch at the request 
of ADEQ (Ecology & Environment 2005).  The assessment objective was to determine the level 
of arsenic and lead contained in the soils of privately-owned residential properties.  The samples 
were submitted to the EPA Region 9 Laboratory for analyses.  Data were validated in accordance 
with CLP National Functional Guidelines and were considered acceptable for inclusion in this RI 
Report. 

4.1.2.4 Revised Ironite Environmental Project Work Plan (2008) 

As a result of the PA/SI performed by ADEQ in 2002 (ADEQ 2002a), Ironite received 
notification from EPA requesting additional site characterization.  Ironite collected samples to 
characterize the Ironite and adjacent properties.  From March through June 2008, Brown and 
Caldwell performed site characterization activities under a Revised Ironite Environmental 
Project Work Plan (Brown and Caldwell 2007).  The samples were collected under an acceptable 
SAP following appropriate QA protocols.  Samples were then submitted to an EPA and ADEQ 
approved laboratory (i.e., Columbia Analytical Services Laboratory) for analyses.  Finally, data 
were validated in accordance with CLP National Functional Guidelines for Inorganics Review.  
Therefore, the data were considered acceptable for inclusion in this RI Report. 
 
4.2 RI REPORT DATASET SUMMARY 

Historical data were combined with EPA RI field investigation data to form the RI Report 
dataset, which is utilized in the remaining sections of this report.  Although data acquisition was 
conducted during two phases, this distinction was not carried forth in the presentation of data and 
results in order to provide a holistic representation of the investigation. A summary of the RI 
Report dataset is provided in Table 4-4.  Data are provided in electronic form in Appendix A-3.  
 
4.3 RI REPORT DATASET DATA USABILITY 

In this section, the combined RI Report dataset is evaluated in context with the project-specific 
DQOs presented in the SAP (EA 2008c).  The DESR (EA 2009b) and DESR Addendum (EA 
2009c) provided an evaluation of the EPA RI field investigation data for acceptable quality and 
quantity based on the critical indicator parameters, represented by precision, accuracy, 
completeness, comparability, representativeness, and sensitivity.  This information will not be 
repeated here for brevity; however, there are certain aspects of the evaluation that require an 
update due to the addition of historical data into the RI Report dataset.   
 
The DQO process is a series of planning steps designed to ensure that the type, quantity, and 
quality of environmental data used in decision-making are appropriate for the intended 
application.  The data must be sufficient enough to answer the principal study questions from the 
DQO process as follows: 
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What are the nature and extent of air, soil, sediment, surface water, and ground water 
contamination at the AOI? 

What are the migration pathways for these contaminants to be transported to other 
AOIs? 

Are concentrations of AOI contaminants of potential concern (COPCs) significantly 
greater than background? 

What is the potential risk to human health and ecological receptors from exposure to 
Site related COPCs at the AOIs? 

It is important that the data collected during the field investigation is suitable and sufficient to 
evaluate the following RI components: source identification, nature and extent determination, 
migration pathway evaluation, background contribution, and risk characterization.    

An evaluation of spatial distribution and sample density is an inexact science that is often subject 
to opinion and conjecture.  Datasets inherently have some level of uncertainty with regards to the 
representativeness of the characterization.  Although the level of uncertainty varies from area to 
area, the acceptable level of uncertainty is often individualistic and subject to interpretation.  
Essentially, there is a delicate balance between expending additional effort to characterize an 
area and the necessity for additional data to reduce uncertainty in the dataset.   

To evaluate the robustness of the dataset, two criteria were utilized in a semi-quantitative weight-
of-evidence evaluation:   

• Is sampling sufficient to: (1) determine the nature and extent of contamination; 
(2) calculate an exposure point concentration for risk assessment; (3) and evaluate 
whether COPCs are significantly greater than background?  The SAP (EA 2008c) states 
that statistical approaches were consistent with EPA guidance, including ProUCL 4.0 
User Guide (Singh, Singh, and Maichle 2007).  This guidance recommends that a 
minimum of 8 to 10 samples is necessary for a dataset.  Of the acceptable datasets 
presented in Table 4-4, the following datasets did not meet this minimum sample criteria:    

— Impoundment-Pond - Humboldt Smelter (6 sediment samples) – This area is 
relatively small (i.e., approximately one-acre) and contains visible ash material, 
which will likely be subject to remediation (see Section 5).  Therefore, a lower 
sample density is considered acceptable. 

— Subsurface Soil Samples – Samples were collected in areas where subsurface soil 
concentrations required delineation (e.g., Iron King Mine Main Tailings Pile) or 
potential source identification/characterization (Iron King Mine Glory Hole).  A 
lower sample density was considered acceptable because materials tended to be 
consistent from the ground surface to depth (e.g., Iron King Mine Main Tailings 
Pile or Lower Chaparral Gulch).  The exception occurred in those few areas (e.g., 
Iron King Mine Glory Hole or Iron King Mine Former Fertilizer Plant) where 



  EA Project No. 14342.34 
  Page 64 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

subsurface soil borings were used to search for potential sources of 
contamination.   

— Background Areas – Two background areas (i.e., Background Sample and Off-
site Soil Background H2) were sampled to characterize the native bedrock 
material or to demonstrate local background concentrations during historic 
sampling events.  A lower sampled density is considered acceptable for the 
Background Sample data group because bedrock samples were collected to 
evaluate native material.  The Off-site Soil Background H2 area was collected 
prior to the EPA RI field investigation event and was used in the EPA Removal 
Assessment.  It should be noted that three additional background areas 
Background Soil Type 1 through 3, were sampled during the EPA RI field 
investigation to evaluate local background concentrations. 

— Surface Water – Surface water samples were scheduled to be collected with 
sediment samples.  However, surface water for much of the Site (except for the 
Lower Chaparral Gulch Dam-Confluence and Agua Fria River) is very transient 
and has a low residence time.  Therefore, many surface water samples could not 
be collocated with sediment samples and a lower sample density was considered 
acceptable. 

• Is the spatial distribution and sample density adequate to evaluate the nature and extent of 
contamination and complete the migration pathway analyses?  The evaluation also 
requires some professional judgment and is largely a weight-of-evidence evaluation.  To 
evaluate these criteria, the concentrations of primary COPCs (e.g., lead and arsenic) were 
plotted on figures and evaluated for spatial distribution and sample density.  Based on 
this evaluation using the figures in Section 5, the spatial distribution and sample density 
are considered sufficient to answer the principle study questions. 

• Are reporting limits adequate to characterize analyte concentrations in soil or water?  The 
minimum reporting limit in soil/sediment samples was compared to the EPA Residential 
RSLs to evaluate whether reporting limits were adequate.  The following analytes had 
minimum reporting limits greater than EPA Residential Soil RSLs:  

— Dioxins – 1,2,3,7,8-PECDF, 2,3,4,7,8-PECDF, 2,3,7,8-TCDD, 2,3,7,8-TCDF, 
OCDD, and OCDF 

— PAHs – Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene 

— Arsenic 
 

In addition, the minimum reporting limit in water samples was compared to the EPA Tap 
Water RSLs to evaluate whether reporting limits were adequate.  The following analytes 
had minimum reporting limits greater than EPA Tap Water RSLs:  

— Organics – 4-chloroaniline, atrazine, benzene, bis(2-chloroethyl)ether, carbon 
tetrachloride, chloroform, hexachlorobenzene, pentachlorophenol, and vinyl 
chloride 
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— PAHs – Benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, 
and naphthalene 

— Arsenic  

The toxicity values of arsenic, dioxins, PAHs, and many organics are protective of 
sensitive receptors, which equates to low screening levels.  EPA utilized analytical 
methods with the lowest reporting limits available.  Therefore, reporting limits that 
exceed screening levels for these analytes are not unusual in site characterization.  It 
should be noted that arsenic was a primary COPC and was detected in significant 
concentrations (e.g., greater than 1,000 mg/kg) throughout the Site; therefore, this does 
not introduce uncertainty into the Site characterization.  Organics are not primary COPCs 
for the Site; therefore, these reporting limit exceedances do not introduce undue 
uncertainty into the Site characterization.  When reporting limits exceed screening levels, 
uncertainty regarding characterization is introduced into the evaluation.  However, these 
reporting limit exceedances do not have a significant effect on the Site characterization.  

5. REMEDIAL INVESTIGATION RESULTS 

Previous sections of this RI Report provide the foundation for answering the following principal 
study questions, which were addressed in this section: 

What are the nature and extent of air, soil, sediment, surface water, and ground water 
contamination at the AOI? 

What are the migration pathways for these contaminants to be transported to other 
AOIs? 

Are concentrations of AOI COPCs significantly greater than background? 

After these principal study questions are addressed, the CSM was presented to provide a holistic 
presentation of the impacts and to form the basis for the risk assessments.   

The results of the RI are presented for each of the five AOIs and subordinate areas.  These areas 
were further subdivided into individual exposure areas, as necessary, based on the historical use, 
presence of contaminants, potential reuse, regulatory differences, etc.   

5.1 BASIS OF UNDERSTANDING 

Sections 1 through 4 provided a summary of the Site information and data, which fulfilled the 
first element of a RI Report (See Section 1.1).  The next three elements are to:  (1) identify 
potential source areas; (2) define the nature and extent of contamination; and (3) evaluate 
contaminant migration pathways.  Due to the large number of AOIs, subordinate areas, and 
inherent complexity of the Site, these three elements are presented in tandem for each exposure 
area.   
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Ground water and ambient air data are discussed near the end of Section 5 because ground water 
and ambient air data discussions are presented on a larger scale (e.g., site-wide basis), rather than 
for individual exposure areas.  Therefore, some concepts regarding ground water or ambient air 
migration pathways may be eluded to in the individual exposure area discussions (e.g., for Iron 
King Mine Main Tailings Pile), but will not be fully discussed until the ground water and 
ambient air sections.     

The source identification, nature and extent discussion, and migration pathway analyses will be 
supported by the comparison of data to screening levels.  Screening levels and COPCs are 
discussed in the following sections to provide a basis of understanding for these three elements.  

5.1.1 Comparison Criteria 

The nature and extent evaluation contained a comparison to screening levels.  Although much of 
the current or likely future use of the Site is commercial/industrial, some portions of the Site 
(e.g., Off-site Soil AOI) include residential use.  Therefore, to provide a consistent basis of 
comparison across AOIs, residential or domestic use screening levels were used in the nature and 
extent discussion.  EPA and ADEQ residential screening levels are based on an excess lifetime 
carcinogenic risk (ELCR) of 1 in 1,000,000 individuals (1x10-6) or a non-carcinogenic hazard 
quotient (HQ) of 1 unless otherwise indicated below.   

Screening levels are based on conservative estimates of exposure and are not the same as cleanup 
levels.  Screening level exceedances do not automatically designate an area is contaminated or 
trigger a response action.  However, screening level exceedances suggest that further evaluation 
of the potential risks posed by site contamination is appropriate.  The magnitude of exceedance is 
helpful in evaluating source areas, the nature and extent of contamination, and migration 
pathways within and amongst the AOIs. 

Some analytes did not have screening levels, so chemically similar compounds were selected as 
surrogates, as follows: 

• Benzo(g,h,i)perylene used Fluoranthene 
• Carbazone used Fluorene 
• Delta-BHC used Gamma-BHC (Lindane) 
• Di-n-octylphthalate used Di-n-butylphthalate 
• Di-methylphthalate used Di-n-butylphthalate 
• Phenanthrene used Anthracene 

 
Figures in Section 5 present analytical data in comparison to the screening levels provided 
below.  Because many samples exceeded screening levels, data are color coded to denote 
exceedances by orders of magnitude (e.g., 10 times a screening level).  In addition, sample-
specific concentrations and screening levels are provided on the figures to facilitate direct 
comparisons. 
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5.1.1.1 Soil and Sediment 

Surface soil, subsurface soil, deep soil, and sediment data were compared to EPA Regional 
Screening Levels (RSL) for Residential Soil (EPA 2009b) and Arizona Residential SRLs (ADEQ 
2002b).  Solid matrix samples collected from the Galena Gulch, Upper Chaparral Gulch, Middle 
Chaparral Gulch, Lower Chaparral Gulch, and associated background groups were considered 
both soil and sediment media because they are dry for most of the year.  However, during 
periodic rain storms, these samples become wet and may be mobilized like sediments.  Therefore 
it was appropriate to evaluate them as both soil and sediments.  The Lower Chaparral Gulch 
Dam-Confluence is wet and is an aquatic environment for most of the year, so the solid matrix 
samples were considered only as sediment.  Similarly, the solid matrix samples in the Agua Fria 
River were considered sediment only.  Although the EPA RSLs for Residential Soil and Arizona 
Residential SRLs were not specifically developed for exposure to sediment, these screening 
levels were used to ensure a consistent basis of comparison.  A comparison of sedimentary 
material in aquatic environments to screening levels for the protection of ecological receptors is 
provided in the SLERA (see Section 7).  Screening levels for the COPCs detected at the Site are 
presented in the Section 5 tables for each exposure area.  Arsenic, lead, and sulfate soil and 
sediment screening levels are presented below as a basis for data evaluation. 

EPA RSL for Residential Soil: 

• Arsenic – 0.39 mg/kg 
• Lead – 400 mg/kg 
• Sulfate – Not Available 

Arizona Residential SRL:  

• Arsenic – 10 mg/kg 
• Lead – 400 mg/kg 
• Sulfate – Not Available 

Background Soil Type 1 (Mean): 

• Arsenic – 48 mg/kg 
• Lead – 44 mg/kg 
• Sulfate – 26 mg/kg 

Background Soil Type 2 (Mean): 

• Arsenic – 13 mg/kg 
• Lead – 10 mg/kg 
• Sulfate – 5.4 mg/kg 

Background Soil Type 3 (Mean): 

• Arsenic – 12 mg/kg 
• Lead – 13 mg/kg 
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• Sulfate – 29 mg/kg 

Chaparral Gulch Background Sediment (Mean): 

• Arsenic – 33 mg/kg 
• Lead – 14 mg/kg 
• Sulfate – 4.8 mg/kg 

Galena Gulch Background Sediment (Mean): 

• Arsenic – 22 mg/kg 
• Lead – 21 mg/kg 
• Sulfate – 11 mg/kg 

Agua Fria Background Sediment (Mean): 

• Arsenic – 17 mg/kg 
• Lead – 9.6 mg/kg 
• Sulfate – 24 mg/kg 

Additional risk-based site-specific screening levels for lead are presented in Section 6.  
Screening levels with and without the produce pathway were developed for the residential and 
commercial/industrial scenarios. 

5.1.1.2 Surface Water 

National Ambient Water Quality Criteria (NAWQC) developed by EPA (1999a) for the 
protection of aquatic life were used as screening criteria for surface water.  Chronic freshwater 
NAWQC were used as screening levels because chronic freshwater NAWQC are the most 
representative of longer-term exposure likely to occur in these water bodies.  Hardness-
dependent criteria were calculated according to equations given by EPA (1999a).  Average 
hardness in several impoundments was very high (over 3,000 mg/L).  The average hardness in 
the Agua Fria River was 266 mg/L. However, the maximum hardness value for which NAWQC 
for metals can be calculated is 400 mg/L.  To ensure a consistent basis of comparison, NAWQC 
were based on a hardness of 400 mg/L.  When a chronic NAWQC was not available for a 
particular chemical, the Tier II chronic value from Suter and Tsao (1996) was used.  In addition, 
Arizona Surface Water Screening Levels for Full Body Contact were presented for comparative 
purposes.  Screening levels for the COPCs detected at the Site are presented in the Section 5 
tables for each exposure area.  Arsenic, lead, and sulfate surface water screening levels are 
presented below as a basis for data evaluation. 

Chronic Freshwater NAWQC: 

• Arsenic – 150 µg/L 
• Lead – 47 µg/L 
• Sulfate – Not Available 
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Arizona Surface Water Screening Level for Full Body Contact: 

• Arsenic – 30 µg/L 
• Lead – Not Available 
• Sulfate – Not Available 

Agua Fria Background Surface Water – Unfiltered (Mean): 

• Arsenic – 7.0 µg/L 
• Lead – 0.53 µg/L 
• Sulfate – 52,800 µg/L  

5.1.1.3 Ground Water 

Ground water data were compared to EPA Tap Water RSLs (EPA 2009b); Arizona Aquifer 
Water Quality Standard (AWQS) (ADEQ 2002b); EPA MCLs (EPA 2009c); and EPA National 
Secondary Drinking Water Standards (NSDWS) (EPA 2009c).  These screening levels are based 
on the protection of ground water as a drinking water source.  Although the Iron King Mine or 
Humboldt Smelter AOI wells are not used for domestic use of ground water, many wells in the 
Town of Dewey-Humboldt are utilized as drinking water sources.  Ground water data were 
compared to these screening levels to ensure a consistent basis of comparison.  Screening levels 
for the COPCs detected at the Site are presented in the Section 5 tables for each exposure area. 
Arsenic, lead, sulfate, TDS, and chloride ground water screening levels are presented below as a 
basis for data evaluation. 

EPA Tap Water RSL: 

• Arsenic – 0.045 µg/L 
• Lead – Not Available 
• Sulfate – Not Available 
• TDS – Not Available 
• Chloride – Not Available 

EPA MCL or NSDWS: 

• Arsenic – 10 µg/L 
• Lead – 15 µg/L 
• Sulfate – 250,000 µg/L 
• TDS – 500,000 µg/L 
• Chloride – 250,000 µg/L 

Arizona AWQS: 

• Arsenic – 50 µg/L 
• Lead – 50 µg/L 
• Sulfate – Not Available 
• TDS – Not Available 
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• Chloride – Not Available 

5.1.1.4 Ambient Air 

The screening levels used for ambient air are EPA RSLs for Residential Air (EPA 2009b) except 
for lead, TSP, and PM-10, which are NAAQS (EPA 2009d).  The screening level for TSP is the 
24-hour standard NAAQS for PM-10.  The screening level for lead is the NAAQS for a rolling 
3-month average.  Screening levels for the COPCs detected at the Site are presented in the 
Section 5 tables for each exposure area. Arsenic, lead, TSP, and PM-10 ambient air screening 
levels are presented below as a basis for data evaluation. 

EPA RSL for Residential Air: 

• Arsenic – 0.00057 µg/m3 

EPA NAAQS: 

• Lead – 0.15 µg/m3 
• TSP – 150 µg/m3 
• PM-10 – 150 µg/m3 

5.1.2 Chemicals of Potential Concern 

Chemicals that were detected in soil, sediment, surface water, ground water, and ambient air 
were considered COPCs for this Site.  Arsenic, lead, and sulfate have been selected as the 
primary COPCs because these inorganics are the most prevalent (in terms of screening level 
exceedance and magnitude) and generally are co-located with other inorganic COPCs.  A 
thorough understanding of the impacts from these primary COPCs across the AOIs will provide 
a reliable yet concise picture of total inorganic COPC distribution.  In addition, sulfate and other 
critical indicators of geochemical conditions conducive to COPC mobility (e.g., AMD) are 
discussed, as appropriate throughout these sections.   

Inorganics that routinely exceed screening levels (e.g., antimony, cobalt, iron, mercury, and 
thallium) may be elevated due to mining or smelting operations, or may be indicative of natural 
background conditions.  To avoid redundant discussion of these secondary COPCs, exceedances 
were detailed in the Section 5 tables but are not explicitly discussed below.  In a few instances, 
an inorganic (e.g. manganese in the Iron King Mine Operations Area) was discussed as 
necessary.  In addition, the organics detected Site media were discussed when detected. 

5.1.3 Source 

Source material is a media that includes or contains hazardous substances, pollutants, or 
contaminants that act as a reservoir for migration to other media or for direct exposure (EPA 
1991a).  The EPA identifies source material as either a principal threat waste or a low-level 
threat waste.    

• Principal Threat Wastes – Source materials that are considered highly toxic or highly 
mobile and that generally cannot be reliably contained or would present a significant risk 
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to human health or the environment if exposure were to occur.  Highly toxic or highly 
mobile are relative terms.  For the purpose of this evaluation, materials that are three or 
four orders of magnitude greater than their respective screening levels meet this highly 
toxic threshold.  Highly mobile materials are those that have demonstrated the ability for 
significant migration due to their proximity to migration pathways or are particularly 
susceptible to migration due to their physical characteristics (e.g., fine particle size).     
 

• Low-level Threat Wastes – Source materials that exhibit low toxicity and low mobility 
and can be reliably contained or would present only a low risk to human health or the 
environment if exposure were to occur.  Generally, materials that do not meet the criteria 
for principal threat wastes, but do demonstrate significant toxicity (i.e., due to their 
exceedance of screening levels by one or two orders of magnitude and background 
levels) and mobility are considered low-level threat wastes.   

Material that was considered source material was identified as either a principal or low-level 
threat waste in the sections below.  Source volumes are provided as appropriate.  However, due 
to the inherent uncertainties in these estimates, it is within reason that they contain an uncertainty 
factor of +/- 30 percent.  Also, it should be noted that many exposure areas do not contain source 
materials and have not been classified as either a principal or low-level threat waste.  

5.1.4 Nature and Extent of Contamination 

An analysis of the data is performed to describe the nature and extent of contamination to soil, 
sediment, surface water, ground water, and ambient air (EPA 1989a).  Chemical concentrations 
are incorporated with physical characteristics, historical information regarding Site activities, and 
other evidence to evaluate the nature and magnitude of contamination.  Similar evidence is used 
to delineate the extent of contamination both horizontally and vertically.  Spatial and temporal 
trends were evaluated as they may be important in the migration pathway analysis.  

5.1.5 Migration Pathways 

The nature and extent of contamination is combined with source identification and physical 
characteristic information to evaluate migration pathways.  Although several migration pathways 
were discussed in the following sections, the following are primary for this Site: 

• Surface Water Transport – Contaminant transport of particulates and dissolved phase 
contaminants via surface water transport occurs primarily during periodic high rain 
events.  The exceptions are the Agua Fria River and a small portion of the Chaparral 
Gulch that have permanent surface water transport mechanisms.  
 

• Surface Water Partitioning – Surface water in contact with sediments or suspended 
solids may partition into the dissolved phase.  Dissolved phase metals are more mobile, 
so increased dissolved metals concentrations equates to an increased potential for metals 
to migrate in flowing surface water.  
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• Air Particulate Migration – Moderate to high wind events that occur throughout the 
year carry fine-grained surface materials and particulates from source areas to adjoining 
AOIs. 
 

• Leaching to Ground Water – As water percolates from the surface, through vadose 
zone soil, to the underlying ground water, it can carry dissolved phase constituents.  
Additionally, source material in contact with ground water can leach directly to ground 
water.   
 

• Ground Water to Surface Water – Ground water may emanate as surface water at 
various points around the Site. 

5.2 IRON KING MINE AOI 

The Iron King Mine AOI includes the Iron King Mine Proper Area, Iron King Mine Operations 
Area, Small Tailings Pile, Former Fertilizer Plant Area, and Salvage Yard. 

5.2.1 Iron King Mine Proper Area 

The Iron King Mine Proper Area is comprised of the Iron King Mine Main Tailings Pile, Iron 
King Mine Mine Plant, and associated impoundment/ponds. 

5.2.1.1 Iron King Mine Main Tailings Pile and Impoundment/Ponds 

The Iron King Mine Main Tailings Pile is comprised of two tailings dams that are oriented from 
the south-southwest to the north-northeast.  Several impoundment/ponds atop and at the base of 
the Main Tailings Pile retain storm water flow within and around the structure.  

Although native rock and soil contains arsenic and lead, mining processes have concentrated 
these and other metals in the tailings material.  Summaries of surface soil, subsurface soil, deep 
soil, sediment, and surface water data are provided in Tables 5-1 through 5-9.  Arsenic and lead 
concentration data are presented in Figures 5-1 through 5-8. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg by almost 
four orders of magnitude, which meets the toxicity threshold for a principal threat waste (see 
Table 5-1 and Figure 5-1).  The average arsenic concentration of 3,100 mg/kg is approximately 
two orders of magnitude greater than the average background surface soil concentration (ranges 
from 12 mg/kg for Background Area 3 to 48 mg/kg for Background Area 1) and two orders of 
magnitude greater than rock concentrations in the vicinity of the Site (ranges from 40 mg/kg at 
location BKG-340 and 316 mg/kg at location IKJ-548).  Lead concentrations in surface soil 
exceed the EPA Residential RSL of 400 mg/kg (see Table 5-1 and Figure 5-2).  The average lead 
concentration of 2,380 mg/kg is approximately two orders of magnitude greater than the average 
background surface soil concentration (ranges from 13 mg/kg for Background Area 3 to 44 
mg/kg for Background Area 1) and one order of magnitude greater than rock concentrations in 
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the vicinity of the Site (ranges from 9.4 mg/kg at location BKG-320 and 504 mg/kg at location 
IKJ-548).  The average surface soil sulfate concentration of 16,800 mg/kg is approximately three 
orders of magnitude greater than the average background surface soil concentration (ranges from 
5.4 mg/kg for Background Area 2 to 29 mg/kg for Background Area 3).  Although sulfate does 
not have an EPA Residential RSL, it is an important component in the CSM and is discussed in 
context with ground water migration in Section 5.6.  This information provides evidence that 
mining processes have concentrated the inorganics concentrations in the tailings materials above 
native or background levels.   

Arsenic concentrations in the tailings material exhibits little variability through much of the 
exposure area (see Figure 5-1).  However, there are a few samples (e.g., OS-19) along the 
southern edge of the exposure area that have arsenic concentrations near background levels.  
This is likely native material that was once the top of a ridge and is not impacted by tailings 
material.  The extent of lead concentrations in surface soil is similar to arsenic (see Figure 5-2). 

The Main Tailings Pile was sampled to evaluate the distribution of contamination by particle 
size.  The results of this evaluation are presented for arsenic and lead in Table 5-2.  There is not a 
significant difference in concentrations by particle size.  This evaluation demonstrates that either 
the tailings material is fairly uniform or that larger particles had fine-grained material that 
adhered to the surface, which biased the concentrations high.  Nevertheless, all of the arsenic 
concentrations exceeded the EPA Residential RSL of 0.39 mg/kg by almost four orders of 
magnitude, regardless of particle size. 

Subsurface (2 to 10-feet bgs) and Deep (> 10-feet bgs) Soil 
The nature of the tailings material in subsurface and deep soils is very similar to that at the 
surface (see Tables 5-3 and 5-4).  The tailings material has elevated concentrations of arsenic and 
lead that exceed the EPA Residential RSLs and are orders of magnitude greater than native 
material.  Although the sample numbers are limited, sulfate concentrations remain much higher 
than native material.   

The extent of tailings material is indicated on Figures 5-3 through 5-6 for arsenic and lead; the 
depths of the tailings material were estimated by the magnitude of EPA Residential RSL 
exceedances.  For example, samples collected from behind the eastern most tailings dam (e.g., 
location B-3) indicate that the tailings material is at least 45 feet deep in this area.  Tailings 
material at location B6, which is behind the western most dam, is over 100 feet deep.  Along the 
western edge of the exposure area, tailings material is over 40 feet deep (see location IKJ-527).  
Location B-5 was the only location where native material was confirmed at approximately 45-
feet bgs.  A cross-section of the Main Tailings Pile is provided in Appendix E and provides a 
visual representation of the magnitude of this source area. 

Impoundment/Pond – Surface Soil/Sediments (0 to 2-feet bgs) and Surface Water 
The impoundment/ponds atop and at the base of the Main Tailings Pile were sampled while 
standing surface water was present.  However, during subsequent Site visits, these areas were 
devoid of water.  Nevertheless, the surface water samples collected from this area are 
representative of typical conditions during the monsoon season.  Although the solid matrix 
samples may be considered sediments when saturated, they are considered surface soil during 
most of the year when there is an absence of surface water.   
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Arsenic concentrations in surface soil/sediments exceed the EPA Residential RSL of 0.39 mg/kg 
by almost four orders of magnitude, which meets the toxicity threshold for a principal threat 
waste; the average concentration of 4,430 mg/kg is approximately three orders of magnitude 
greater than the average background surface soil concentration (see Table 5-5 and Figure 5-1).  
Lead concentrations in surface soil/sediments exceed the EPA Residential RSL of 400 mg/kg; 
the average concentration of 3,830 mg/kg is approximately three orders of magnitude greater 
than the average background surface soil concentration (see also Figure 5-2).  The average 
sulfate concentration in surface soil/sediment of 24,500 is approximately three orders of 
magnitude greater than the average background surface soil concentration.  This material, which 
is saturated for a portion of the year, is consistent with the surrounding tailings material.  

Arsenic concentrations in impoundment/pond surface water (i.e., IP designated samples) exceed 
the surface water NAWQC of 150 µg/L by two to three orders of magnitude (see Table 5-6 and 
Figure 5-7).  Filtered surface water concentrations, which provide dissolved concentrations, are 
equally elevated, demonstrating that the dissolved component comprises most of the total (see 
Table 5-7 and Figure 5-7).  These arsenic concentrations were expected given that the substrate 
is very high in arsenic and the pH of the water is low (e.g., pH of 2.5 in IP-1).  These conditions 
are emblematic of AMD and are discussed further below. 

It should be noted that surface water samples IP-3 and IP-4 did not have the same elevated 
arsenic concentrations compared to the other surface water samples (see Figure 5-7).  This 
occurrence is not well understood given that lead concentrations in these two samples exceeded 
its screening levels (see Table 5-6) and were consistent with the other impoundment/pond 
surface water samples (see Figure 5-8).  Finally, the sulfate and total dissolved solids support the 
presence of AMD conditions within these surface water bodies (see Figures 5-9 and 5-10).    

The metal concentrations of this surface soil/sediment material are consistent with the 
surrounding tailings material.  The extent of surface water coincides with the amount of rainfall 
and varies considerably throughout the year.  Therefore, the extent of impacts is limited only by 
the size of the impoundment/ponds and the rainfall in the area.    

Tailings material (i.e., source material) may migrate to other media, exposure areas, or AOIs via 
the following migration pathways.   

Migration Pathways 

• Air Particulate Migration – Generally soil is not considered mobile because ground 
cover or vegetation often precludes migration.  However, most of the Main Tailings Pile 
is denuded and therefore subject to particulate migration.  Moderate to high wind events 
that occur throughout the year carry fine-grained materials and particulates from the Main 
Tailings Pile to the Mine Plant, the Upper Chaparral Gulch, and other nearby properties 
(e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Generally soil is not considered mobile because ground 
cover or vegetation often precludes migration.  However, most of the Main Tailings Pile 
is denuded and subject to storm water migration.  Also, the tailings material is comprised 
of fine-grained materials that are particularly susceptible to storm water migration and 



  EA Project No. 14342.34 
  Page 75 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

may be transported some distance from the source.  Although much of the surface water 
from the Main Tailings Pile is routed to the Main Tailings Pile Impoundment/Ponds, 
there is a potential for surface water to be transported to the Mine Plant Impoundments/ 
Ponds during high rain events.  During extreme high rain events, it is possible for 
impoundment/ponds to overflow (e.g., Pond 200-55 at the base of the eastern dam) to 
migrate to Chaparral Gulch.  In addition, the dams exhibit significant erosional rills (see 
photographs 1 and 3 in Appendix E).   
 

• Surface Water Partitioning – Surface water in contact with the tailings material 
demonstrated AMD conditions.  With AMD, metals solubility increases as pH decreases.  
This leads to suspended solids with high metals concentrations to partition to the 
dissolved phase in surface water.  Dissolved phase metals are more mobile, so increased 
dissolved metals concentrations equates to an increased potential for metals to infiltrate to 
ground water. 
 

• Leaching to Ground Water – As water percolates from the surface, through vadose 
zone soil, to the underlying ground water, it can carry dissolved phase constituents.  
Additionally, source material in contact with ground water can leach directly to ground 
water.  The tailings material demonstrates mobility to surface water and therefore has the 
potential to impact ground water via similar partitioning processes.  The leaching to 
ground water migration pathway will always be a concern given its AGP as demonstrated 
below.     

A surface soil sample from 0 to 0.5-feet bgs (IKJ-583-0-0_5) was collected from the Main 
Tailings Pile and submitted for ABA analyses.  The results of these analyses are summarized as 
follows: 

Acid Generation Potential 

• The reported ABP for the Main Tailings Pile is -265 t CaCO3/Kt with a duplicate sample 
of -243 t CaCO3/Kt, which means that it is highly likely to generate AMD (see 
Table 5-8) 

• The reported ABP would be less negative if recalculated using pyritic sulfur, but would 
still be considered highly likely to generate AMD. 

Based on these analyses, the mine tailings have a high potential to generate AMD.   

Tailings Geochemical Processes 
Negative acid base potentials for the Main Tailings Pile indicates that acid leachate is forming in 
the surficial environment as a result of sulfide oxidation.  The presence of sulfate in these 
samples also indicates active sulfide oxidation (see Figure 5-11).  The absence of oxidation (i.e., 
anoxic conditions) or reducing conditions in deeper tailings was inferred from visual inspection 
of core samples (see sample collection information for IKJ-525 in Appendix A-4).  Therefore, 
the tailings within the Main Tailing Pile appear to be stable because oxygen diffusion is limited 
by the fine grain size and high moisture contents.  This is supported by the SPLP results, where 
arsenic in the leachate decreases with depth.  Although arsenic concentrations for sample 
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location IKJ-525 are greater than 4,000 mg/kg from 0 to 38-feet bgs, the arsenic leachate was 
140 µg/L at the surface, 13 µg/L at 4 to 7-feet bgs, and non-detect at depth (see Table 5-9).  At 
depth, the concentrations of arsenic in leachate are congruent with those in ground water, which 
are also low (i.e., below the MCL of 10 µg/L).  However, low arsenic concentrations do not 
necessarily indicate that AMD is not occurring within the Large Tailings Pile.  This phenomenon 
was further evaluated within the context of ground water.   

The speciation evaluation in Appendix B adds another line of evidence that reducing conditions 
exist within the Main Tailings Pile.  The speciation evaluation determined that samples from the 
Iron King Mine tailings had both As+5 and As+3 at a variety of proportions: 

Sample Percent As+5 Ferrihydrite 

IKJ-525-0-2 

Percent As+3 Arsenopyrite 

72 28 

IKJ-525-4-7 17 83 

IKJ-525-35-38 10 90 

The finding of reduced arsenic in mine tailings with depth is not unusual (Foster et. al. 1998).  At 
the surface, where oxygen is readily available in an oxic environment, arsenic in the oxidized 
arsenate (As+5) state commonly dominates (Fox and Doner 2002).  However, with an increase in 
depth, tailings become saturated and oxygen is readily depleted.  In this reducing environment 
arsenite (As+3) is the dominant oxidation state.  

Surface Water Geochemical Processes 
Most of the saturated soils or sediments within the impoundment/ponds contain fine-grained 
materials that are a result of sedimentation (see Figure 5-12).  Because these water bodies are 
shallow, oxygen is readily available to surface waters and sediments.  These conditions are ideal 
conditions for the formation of hydrogen sulfide gas as a result of anaerobic microbially 
facilitated processes.  The dissolved gas reacts with metals and precipitates metal sulfides, which 
lowers the concentrations of both metal and sulfur in the water.  Although some contaminants 
may be retained in the sediments by adsorption, arsenic is not readily adsorbed under reducing 
conditions and often mobilizes from the substrate into the surface water. 

Also, acidic pH conditions and high arsenic concentrations have been measured in the 
impoundment/ponds.  The acidic conditions in the ponds preclude iron oxide formation that 
sequesters arsenate at higher pH conditions.   

The fine-grained tailings that settled behind the dams and coarser-grained material used to 
construct the dams contain very high concentrations of arsenic and lead that are a result of the 
mining processes.  These tailings are considered source material because they have been and 
continue to be a source of contamination to other media (e.g., surface water, ambient air, etc.).  
Also, because this material contains very high concentrations of arsenic and lead and is readily 
mobile, it is considered a principal threat waste.  

Pr incipal Threat Waste Source Volume 
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If it is assumed that the depth to the bottom of the tailings material is represented by the bottom 
depths of the associated borings on Figures 5-3 through 5-6, then the volume of tailings material 
(i.e., source volume) in the Main Tailings Pile is 6.4 million cubic yards (cy).  This was 
calculated using the following assumptions: 

• Tailings material behind the eastern most dam: 1,000 feet from north to south and 1,000 
feet from east to west with an average depth of 45 feet = 1.7 million cy 
  

• Tailings material behind the western most dam: 1,000 feet from north to south and 1,700 
feet from east to west with an average depth of 75 feet = 4.7 million cy 

These volume estimates are based on averages and assume that the deepest sample depths 
represent the bottom of the tailings material.  Although this is an unlikely assumption that may 
lead to an underestimation of source volume, the assumption that tailings material extends to 
average depth at the northern and southern boundaries is also unlikely and may lead to an 
overestimation of source volume.   

5.2.1.2 Iron King Mine Mine Plant and Impoundment/Ponds 

The Iron King Mine Mine Plant is comprised of several industrial buildings that have historically 
been used in mining operations.  Three impoundment/ponds are situated around the Mine Plant 
and serve to retain storm water flow within and around the structures as well as contain overflow 
from the Main Tailings Pile. 

Summaries of surface soil, subsurface soil, sediment, and surface water data are provided in 
Tables 5-10 through 5-14.  Arsenic and lead concentration data are presented in Figures 5-1 
through 5-8. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-10 and Figure 5-1).  The average concentration of 788 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration.  Lead concentrations 
in surface soil exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-2).  The average 
concentration of 1,390 mg/kg is approximately three orders of magnitude greater than the 
average background surface soil concentration.  The average sulfate concentration of 
12,100 mg/kg is approximately three orders of magnitude greater than the average background 
surface soil concentration.  This information provides evidence that mining processes have 
impacted the surface soil above native or background levels.  

Arsenic concentrations at the Mine Plant are quite variable.  Concentrations around the office 
building and eastern buildings are lower than those around the western buildings where tailings 
were processed (see Figure 5-1).  The extent of lead concentrations in surface soil is similar to 
arsenic (see Figure 5-2). 
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Subsurface Soil (2 to 10-feet bgs) 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-11 and Figure 5-3); the average arsenic concentration of 33.4 mg/kg is consistent with 
background surface soil concentrations (ranges from 12 mg/kg for Background Area 3 to 48 
mg/kg for Background Area 1).  Lead concentrations in subsurface soil do not exceed the EPA 
Residential RSL of 400 mg/kg (see Figure 5-4).  The average concentration of 18.8 mg/kg is 
consistent with background surface soil concentrations (ranges from 13 mg/kg for Background 
Area 3 to 44 mg/kg for Background Area 1).  This information provides evidence that mining 
processes have not impacted the subsurface soil above native or background levels.  

Arsenic and lead concentrations at the Mine Plant do not indicate much variability, but are 
consistent throughout the Mine Plant area (see Figures 5-1 and 5-2).   

Impoundment/Pond – Surface Soil/Sediments (0 to 2-feet bgs) and Surface Water 
Three impoundment/ponds are situated around the Mine Plan and serve to retain storm water 
flow within and around the structures as well as contain overflow from the Main Tailings Pile.  
Only impoundment/pond 100-003F was sampled while standing surface water was present.  
However, during subsequent Site visits, this area was devoid of water.  Nevertheless, the surface 
water samples collected from this area are representative of typical conditions during the 
monsoon season.  Although the solid matrix samples may be considered sediments when 
saturated, they are considered surface soil during most of the year when there is an absence of 
surface water.   

Arsenic concentrations in surface soil/sediments exceed the EPA Residential RSL of 0.39 mg/kg; 
the average concentration of 2,070 mg/kg is approximately three orders of magnitude greater 
than the average background surface soil concentration (see Table 5-12 and Figure 5-1).  Lead 
concentrations in surface soil/sediments exceed the EPA Residential RSL of 400 mg/kg; the 
average concentration of 2,880 mg/kg is approximately three orders of magnitude greater than 
the average background surface soil concentration (see also Figure 5-2).  The average sulfate 
surface soil/sediment concentration of 14,200 mg/kg is approximately three orders of magnitude 
greater than the average background surface soil concentration.  This material, which is saturated 
for a portion of the year, is consistent with the tailings material from the Main Tailings Pile.   

Arsenic and lead concentrations in impoundment/pond surface water (i.e., IP designated 
samples) do not exceed the surface water NAWQCs of 150 µg/L for arsenic and 47 µg/L for lead 
(see Table 5-13 and Figures 5-7 and 5-8).  Filtered surface water concentrations, which provide 
dissolved concentrations, are very dissimilar, as the dissolved component is very low or non-
detect (see Table 5-14 and Figures 5-7 and 5-8).  These dissolved concentrations were expected 
given that the pH of the water was neutral (e.g., pH of 5.5 in IP-11).  The sulfate concentration in 
IP-11 was elevated (see Figure 5-9).  These conditions demonstrate a stable aquatic environment, 
with an absence of AMD.   

The metal concentrations of this surface soil/sediment material are consistent with the 
surrounding tailings material.  The extent of surface water coincides with the amount of rainfall 
and varies considerably throughout the year.  Therefore, the extent of impacts is limited only by 
the size of the impoundment/ponds and the meteorology of the area.    
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Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Although generous portions of this area are covered in 
concrete, most of the uncovered areas are devoid of vegetation and are subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Upper Chaparral Gulch and 
other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  Although much of the surface water is routed to the impoundment/ponds, 
there is a potential for surface water to be transported to the Chaparral Gulch during 
extreme high rain events if impoundment/ponds overflowed.  The surface soil/sediment 
material in the impoundment/ponds is consistent with the tailings material from the Iron 
King Mine and was likely deposited during high rain events.  Because the tailings 
material is fine-grained, it is particularly susceptible to storm water migration and may be 
transported some distance from the source.    
 

Arsenic concentrations in surface soil demonstrate that tailings material has impacted the soil 
likely through spills during mining processing operations (see Figure 5-1).  These tailings are 
considered source material because they have been and continue to be a source of contamination 
to other media (e.g., surface water, ambient air, etc.).  Also, because this material contains high 
concentrations of arsenic and lead and is readily mobile, it is considered a low-level threat waste.  
This material is not a principle threat waste because impacts are surficial as a result of migration 
or spills, and does not have the same migration pathway potential as principle threat areas (e.g., 
Iron King Mine Main Tailings Pile).     

Low-level Threat Waste Source Volume 

The depth of the low-level threat waste is in the Mine Plant area is 2-feet bgs.  This low-level 
threat waste impacted approximately one-half the Mine Plant area and all three of the 
impoundment/ponds (see Figures 5-1 and 5-2).  Based on these parameters, the source volume is 
19,200 cy.  This was calculated using the following assumptions: 

• Impacted surface soil in one-half of the Mine Plant area: 800 feet from north to south and 
500 feet from east to west with an average depth of 2 feet = 14,800 cy 
  

• Impacted surface soil/sediment in the three impoundment/ponds: 3 areas with dimensions 
of approximately 200 feet by 100 feet with an average depth of 2 feet = 4,400 cy 

These volume estimates are based on averages and assume that the impacts extend to 2-feet bgs 
on average.   
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5.2.2 Iron King Mine Operations Area 

The Iron King Mine Operations Area contains the Iron King Mine Operations Area, Iron King 
Mine Glory Hole, and Iron King Mine Operations Area – Miscellaneous. 

5.2.2.1 Iron King Mine Operations Area 

The Iron King Mine Operations Area is comprised of several industrial buildings that have 
historically been used for various industrial activities.  Historically, this area was the center of 
operations for mining as demonstrated by the Old Mine Shaft No. 7.  

Summaries of surface soil, subsurface soil, and deep soil data are provided in Tables 5-15 
through 5-17.  Arsenic and lead concentration data are presented in Figures 5-13 and 5-14 for 
surface soil, and 5-3 through 5-6 for subsurface and deep soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-15 and Figure 5-13).  The average concentration of 704 mg/kg is approximately two 
orders of magnitude greater than the average background surface soil concentration.  Lead 
concentrations in surface soil exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-14).  
The average concentration of 1,650 mg/kg is approximately three orders of magnitude greater 
than the average background surface soil concentration.  The average sulfate concentration of 
10,100 mg/kg is approximately three orders of magnitude greater than the average background 
surface soil concentration.  This information provides evidence that mining processes have 
impacted the surface soil above native or background levels.  

Arsenic and lead concentrations at the Iron King Mine Operations Area are quite variable (see 
Figure 5-13 and 5-14).  The extent of impacts are biased toward the eastern boundary, where 
residual tailings material remains as a result of historic mining operations.  The remaining 
elevated concentrations are likely associated with tailings material used as fill. 

It should be noted that manganese was only slightly greater than the EPA Residential RSL. 
Manganese has an average concentration of 910 mg/kg in this area.  The average concentration 
of manganese in the Main Tailing Pile (i.e., source material) was 656 mg/kg.  Although 
manganese in this area is higher than in potential tailings source material and may be related to 
area-specific industrial activities (e.g., processing of manganese ore), the magnitude of the 
manganese exceedance is very low (see Table 5-15).  

Only two organic compounds (i.e., butylbenzylphalate and benzo(a)pyrene) exceed their 
respective EPA Residential RSLs (see Table 5-15).  These two organics, along with a host of 
other VOCs, SVOCs, pesticides, and polycyclic aromatic hydrocarbons (PAH) were primarily 
detected from sample locations IKJ-503 and IKJ-504.  Butylbenzylphalate, which is used in the 
manufacturing of plastic, exceeded the screening level at location IKJ-503; this sample location 
contained plastics in some non-native material (see sample collection information in 
Appendix A-4).  Benzo(a)pyrene, which exceeded its screening level at location IKJ-504, often 
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coincides with heavy industrial activity and is likely a result of waste oil, lube, or other industrial 
use. 

Subsurface Soil (2 to 10-feet bgs) 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-16 and Figure 5-3).  The average concentration of 755 mg/kg is approximately two 
orders of magnitude greater than the average background surface soil concentration.  Lead 
concentrations in surface soil exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-4).  
The average concentration of 1,470 mg/kg is approximately three orders of magnitude greater 
than the average background surface soil concentration.  This information provides evidence that 
mining processes have impacted the subsurface soil above native or background levels.  

Arsenic and lead concentrations at the Iron King Mine Operations Area are quite variable (see 
Figures 5-3 and 5-4).  The extent of impacts are biased toward the eastern boundary, where 
residual tailings material remains as a result of historic mining operations.  The remaining 
elevated concentrations are likely associated with tailings material used as fill.      

Only one organic compound (i.e., dieldrin) exceeded its EPA Residential RSL (see Table 5-15).  
Dieldrin is a commonly used pesticide that is often detected in industrial settings.  Dieldrin, 
along with a host of other VOCs, SVOCs, and pesticides were primarily detected from sample 
location IKJ-503.  This sample location contained plastics in some non-native material (see 
sample collection information in Appendix A-4). 

Deep Soil (> 10-feet bgs) 
Arsenic concentrations in deep soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-17 and Figure 5-5).  The average concentration of 189 mg/kg is approximately one order 
of magnitude greater than the average background surface soil concentration.  Lead 
concentrations in deep soil exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-6).  The 
average concentration of 405 mg/kg is approximately two orders of magnitude greater than the 
average background surface soil concentration.  This information provides evidence that mining 
processes have impacted the deep soil above native or background levels.  

Arsenic and lead concentrations at the Iron King Mine Operations Area are quite variable (see 
Figures 5-5 and 5-6).  The extent of impacts are biased toward the eastern boundary, where 
residual tailings material remains as a result of historic mining operations.  The remaining 
elevated concentrations are likely associated with tailings material used as fill.      

Only two organics were detected in deep soils, and neither exceeded its respective EPA 
Residential RSLs (see Table 5-15). 

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Although generous portions of this area are covered in 
concrete, most of the uncovered areas are devoid of vegetation, so they are subject to 
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particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Upper Chaparral Gulch and 
other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded, so it is subject to storm water 
migration.  Although storm water may be controlled during light rain events, during high 
rain events surface water flows into the Upper Chaparral Gulch or Galena Gulch.  
Because tailings material is fine-grained, even with mixed with larger aggregate, it is 
particularly susceptible to storm water migration and may be transported some distance 
from the source. 
 

Arsenic and lead concentrations in surface soil demonstrate that tailings material is sporadically 
located throughout the area as a result of historic mining operations or because it was likely used 
as fill material (see Figures 5-13 and 5-14).  These isolated areas are considered source material 
because they likely have been and will continue to be a source of contamination to other media 
(e.g., surface water, ambient air, etc.).  Also, because this material contains high concentrations 
of arsenic and lead and is readily mobile, it is considered a low-level threat waste.  

Low-level Threat Waste Source Volume 

The depth of the low-level threat waste is in the Operations Area extends to at least 10-feet bgs 
in some areas.  However, this low-level threat waste impacts approximately one-fourth of the 
area (see Figures 5-13 and 5-14 for surface soil, and 5-3 and 5-4 for subsurface and deep soil).  
Based on these parameters, the source volume is 90,800 cy.  This was calculated using the 
following assumptions: 

• Impacted surface soil in one-fourth of the area: 700 feet from north to south and 
1,400 feet from east to west with an average depth of 10 feet = 90,800 cy 

This volume estimate is based on averages and assumes that the impacts extend to 10-feet bgs on 
average, which is a conservative assumption given that most of the impacts are to shallower 
soils.   

5.2.2.2 Iron King Mine Glory Hole 

The Iron King Mine Glory Hole was operated as a construction debris landfill.    

Summaries of surface soil, subsurface soil, and deep soil data are provided in Tables 5-18 
through 5-20.  Arsenic and lead concentration data are presented in Figures 5-13 and 5-14 for 
surface soil, and 5-3 through 5-6 for subsurface and deep soil. 

Nature and Extent of Contamination 

Surface (0 to 2-feet bgs), Subsurface (2 to 10-feet bgs), and Deep (> 10-feet bgs) Soil 
Arsenic concentrations in all three soil horizons exceed the EPA Residential RSL of 0.39 mg/kg 
(see Tables 5-18 through 20 and Figures 5-13, 5-3, and 5-5).  The maximum arsenic 
concentration was 278 mg/kg with the average concentration nearing 100 mg/kg in all three 
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horizons.  Although these averages are approximately twice the average concentration in 
Background Area 1 of 48 mg/kg, they were not much higher than the maximum background 
concentration from the same area of 95.7 mg/kg.  Also, the bedrock sample collected from the 
side-wall of the Glory Hole (i.e., sample BKG-320) had an arsenic concentration of 200 mg/kg.  
And, the grey rock overburden sample, which was used as fill throughout the Iron King Mine 
Operations Area, had an arsenic concentration of 316 mg/kg.   

Lead concentrations in the surface and subsurface soil horizons exceed the EPA Residential RSL 
of 400 mg/kg (see Tables 5-18 through 20 and Figures 5-14, 5-4, and 5-6).  The maximum lead 
concentration was 437 mg/kg with the average concentration ranging from 100 to 200 mg/kg in 
all three horizons.  Although these averages are approximately two to four times the average 
concentration in Background Area 1 of 44 mg/kg, they were not much higher than the maximum 
background concentration from the same area of 82.8 mg/kg.  Although, the bedrock sample 
collected from the side-wall of the Glory Hole (i.e., sample BKG-320) had a lead concentration 
of  9.4 mg/kg, the grey rock overburden sample, which was used as fill throughout the Iron King 
Mine Operations Area, had a lead concentration of 504 mg/kg.    

Arsenic and lead concentrations in the fill material within the Glory Hole contains concentrations 
of arsenic and lead, which are considered consistent with native or background levels.  At depth, 
some organic material was discovered, but a large quantity of source material was not detected.  
Due to the nature of the construction debris within the landfill, a full characterization could not 
be implemented as the Geoprobe® unit often hit refusal at depth.  As a secondary 
characterization measure, monitoring well MW-06-D was installed to evaluate whether material 
within the landfill was leaching to ground water.  Details regarding this evaluation are contained 
in the ground water evaluation. 

Only one organic compound (i.e., benzo(a)pyrene) exceeded its EPA Residential RSL (see Table 
5-20).  Benzo(a)pyrene, along with a host of other VOCs, SVOCs, pesticides/PCBs were 
detected from sample location IKV-131.  This sample location contained some dark black 
creosote type material as well as some ash like material (see sample collection information in 
Appendix A-4).       

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the surface soil is devoid of vegetation, so it is 
subject to particulate migration.  Moderate to high wind events that occur throughout the 
year carry fine-grained materials and particulates from this area to the Upper Chaparral 
Gulch and other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  Although storm water may be controlled during light rain events, during high 
rain events surface water flows into the Upper Chaparral Gulch. 
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• Leaching to Ground Water – As water ponds on the surface cap of the Glory Hole, it 
percolates from the surface, through vadose zone soil to the underlying ground water.  If 
present, dissolved phase constituents may migrate to underlying ground water. 

Arsenic and lead concentrations in soil demonstrate that tailings or native material with elevated 
arsenic and lead concentrations was likely used as fill material.  These isolated areas are not 
considered source material because the concentrations are similar to those found in the 
background soil dataset.  Organics detected in the soil matrix are not considered source material 
because their concentrations are relatively low. 

Source 

5.2.2.3 Iron King Mine Operations Area – Miscellaneous 

The Iron King Mine Operations Area - Miscellaneous is an unutilized area where some historic 
mining operations were conducted (see Aerial Photographic Analysis of Iron King 
Mine/Humboldt Smelter Superfund Site [EPA 2008a] in Appendix A-1).   

Summaries of surface soil and subsurface soil data are provided in Tables 5-21 and 5-22.  
Arsenic and lead concentration data are presented in Figures 5-15 and 5-16 for surface soil, and 
5-3 through 5-6 for subsurface and deep soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-21 and Figure 5-15).  The average concentration of 198 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration, but is considered 
consistent with some background data.  However, the maximum concentration of 1,780 mg/kg is 
an order of magnitude greater than most background data and is indicative of tailings material.   

Lead concentrations in surface soil exceed the EPA Residential RSL of 400 mg/kg (see 
Figure 5-16).  The average concentration of 378 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration.  Like arsenic, the 
maximum concentration of 3,150 mg/kg is indicative of tailings material.      

Arsenic and lead concentrations at the Iron King Mine Operations Area - Miscellaneous are quite 
variable (see Figures 5-15 and 5-16).  The extent of impacts are biased toward the boundaries 
and are a result of historic mining operations (e.g., drainage areas) or are likely associated with 
tailings material used as fill. 

Subsurface (2 to 10-feet bgs) and Deep (> 10-feet bgs) Soil 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-22 and Figure 5-3).  The maximum arsenic concentration was 51.5 mg/kg with the 
average concentration of 35.4 mg/kg, which is similar to the average background concentration 
in the Background Area 1 of 44 mg/kg.  Lead does not exceed the EPA Residential RSL (see 
also Figure 5-4).  This evaluation demonstrates that the subsurface soil is consistent with native 
or background levels.    
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A single deep soil sample from 10 to 15-feet bgs was collected at sample location IKJ-514.  
Arsenic and lead concentrations in this sample are also consistent with native or background 
levels (see Figures 5-5 and 5-6).   

Although two organics were detected in subsurface soil, neither exceeded its respective EPA 
Residential RSLs (see Table 5-22).   

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the area is devoid of vegetation, so it is subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Upper Chaparral Gulch and 
other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  Although storm water may be controlled near the Small Tailings Pile during 
light rain events, during high rain events surface water flows into the Upper Chaparral 
Gulch.  Because tailings material is fine-grained, even with mixed with larger aggregate, 
it is particularly susceptible to storm water migration and may be transported some 
distance from the source. 

Arsenic and lead concentrations in surface soil demonstrate that tailings material is sporadically 
located throughout the area as a result of historic mining operations or because it was likely used 
as fill material (see Figures 5-15 and 5-16).  These isolated areas are considered source material 
because they likely have been and will continue to be a source of contamination to other media 
(e.g., surface water, ambient air, etc.).  Also, because this material contains high concentrations 
of arsenic and lead and is readily mobile, it is considered a low-level threat waste.  

Low-level Threat Waste Source Volume 

The depth of the low-level threat waste in the Operations Area - Miscellaneous extends to 
2-feet bgs in some areas.  However, this low-level threat waste impacts approximately one-
twentieth of the area (see Figures 5-15 and 5-16 for surface soil).  Based on these parameters, the 
source volume is 7,400 cy.  This was calculated using the following assumptions: 

• Impacted surface soil in one-twentieth of the area: 1,000 feet from north to south and 
2,000 feet from east to west with an average depth of 2 feet = 7,400 cy 

This volume estimate is based on averages and assumes that the impacts extend to 2-feet bgs on 
average.   

5.2.3 Iron King Mine Small Tailings Pile 

The Iron King Mine Small Tailings Pile is an alluvial wash area that was deposited over years or 
even decades.  This can be observed visually at IKJ-582, where there was evidence of that 
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tailings materials was deposited hydraulically over time (see sample collection information for 
IKJ-582 in Appendix A-4).   

Summaries of surface soil, subsurface soil, sediment, and surface water data are provided in 
Tables 5-23 through 5-26.  Arsenic and lead concentration data are presented in Figures 5-15 and 
5-16 for surface soil, and 5-3 and 5-4 for subsurface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-23 and Figure 5-15).  The maximum concentration of 1,980 mg/kg is almost four orders of 
magnitude greater than the EPA Residential RSL.  The average concentration of 572 mg/kg is 
approximately two orders of magnitude greater than the average background surface soil 
concentration.  Lead concentrations in surface soil exceed the EPA Residential RSL of 400 
mg/kg (see Figure 5-16).  The average concentration of 683 mg/kg is approximately two orders 
of magnitude greater than the average background surface soil concentration.  The average 
sulfate concentration of 3,900 mg/kg is approximately two orders of magnitude greater than the 
average background surface soil concentration.  This information provides evidence that mining 
processes have impacted the surface soil above native or background levels.  

Arsenic concentrations at the Small Tailings Pile are quite variable.  Concentrations along the 
western face, where tailings material likely originally deposited, are much higher than those 
within the rest of the area (see Figure 5-15).  The extent of lead concentrations in surface soil is 
similar to arsenic (see Figure 5-16). 

The Small Tailings Pile was sampled to evaluate the distribution of contamination by particle 
size.  The results of this evaluation are presented for arsenic and lead in Table 5-2.  There is not a 
significant difference in concentrations by particle size.  This evaluation demonstrates either that 
the material is fairly uniform or that larger particles had fine-grained material that adhered to the 
surface, which biased the concentrations high. 

Subsurface Soil (2 to 10-feet bgs) 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-24 and Figure 5-3); the average arsenic concentration of 220 mg/kg is biased high by the 
maximum arsenic concentration of 1,160 mg/kg at sample location IKV-582, which is consistent 
with tailings material.  The average lead concentration in subsurface soil of 177 mg/kg is biased 
high by the maximum concentration of 999 mg/kg at sample location IKV-582, which is 
consistent with tailings material and exceeds the EPA Residential RSL of 400 mg/kg (see Figure 
5-4).  This information provides evidence that mining processes have impacted the subsurface 
soil above native or background levels.  

Arsenic concentrations at the Small Tailings Pile are quite variable.  Concentrations along the 
western face, where tailings material likely originally deposited, are much higher than those 
within the rest of the area (see Figure 5-3).  The extent of lead concentrations in surface soil is 
similar to arsenic (see Figure 5-4).   
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Surface Water 
A surface water sample was collected from this area because it was available, which is not 
normally the case for the Small Tailings Pile.  Only barium and cadmium exceeded their 
respective screening levels (see Tables 5-25 and 5-26).  However, the magnitude of exceedance 
was low and these analytes are not typically associated with AMD.      

The extent of surface water coincides with the amount of rainfall and varies considerably 
throughout the year.  Therefore, the extent of impacts is limited only by the size of this small 
ephemeral surface water pond.    

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of this area is devoid of vegetation, so it is subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Upper Chaparral Gulch and 
other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  The surface soil/sediment material is consistent with the tailings material 
from the Iron King Mine and was likely deposited as a result of historic mining activities.  
Because the tailings material is fine-grained, it is particularly susceptible to storm water 
migration and may be transported some distance from the source.  This area is in a 
primary surface water migration pathway for the Iron King Mine AOI and significant 
storm water flow transports materials from this area to the Upper Chaparral Gulch.    

A surface soil sample from 0 to 0.5-feet bgs (IKJ-579-0-0_5) was collected from the Small 
Tailings Pile and submitted for ABA analyses.  The results of these analyses are summarized as 
follows: 

Acid Generation Potential 

• The reported ABP for the Small Tailings Pile is -58 t CaCO3/Kt, which means that it is 
likely to generate AMD (see Table 5-8) 

• The reported value would be reduced if recalculated using pyritic sulfur, which would 
place the sample in the indeterminate category. 

Based on these analyses, the mine tailings have a low potential to generate AMD.  This is 
supported by the SPLP results.  Although arsenic concentrations for sample location IKJ-579 
was 669 mg/kg from 0 to 0.5-feet bgs, the arsenic leachate was 14 µg/L (see Table 5-9). 

Arsenic and lead concentrations in surface soil demonstrate that tailings material has been 
deposited along the western portion of the Small Tailings Pile as a result of historic mining 

Pr incipal Threat Waste Source Volume 
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operations (see Figures 5-15 and 5-16).  These tailings are considered source material because 
they have been and continue to be a source of contamination to other media (e.g., sediments, 
surface water, ambient air, etc.).  Also, because this material contains high concentrations of 
arsenic and lead, is readily mobile, and is within a primary migration pathway for the Iron King 
Mine AOI, it is considered a principal threat waste. 

The depth of the principal threat waste in the Small Tailings Pile is assumed to be up to 
4-feet bgs based on visual observations made from sample location IKJ-582.  This principal 
threat waste impacted approximately an area of approximately 500 feet from north to south and 
300 feet from east to west (see Figures 5-15 and 5-16).  Based on these parameters, the source 
volume is 22,200 cy.  This volume estimate is based on averages and assumes that the impacts 
extend to 4-feet bgs on average.   

5.2.4 Iron King Mine Former Fertilizer Plant 

The Iron King Mine Former Fertilizer Plant is comprised of several industrial buildings that once 
served as the former fertilizer plant and later as a human waste treatment facility.   

Summaries of surface soil and subsurface soil data are provided in Tables 5-27 and 5-28.  
Arsenic and lead concentration data are presented in Figures 5-17 and 5-18 for surface soil, and 
5-3 and 5-4 for subsurface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-27 and Figure 5-17).  The average concentration of 611 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration.  Lead concentrations 
in surface soil exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-18).  The average 
concentration of 1,690 mg/kg is approximately three orders of magnitude greater than the 
average background surface soil concentration.  The average sulfate concentration of 
12,700 mg/kg is approximately three orders of magnitude greater than the average background 
surface soil concentration.  This information provides evidence that mining processes have 
impacted the surface soil above native or background levels.  

Arsenic and lead concentrations at the Former Fertilizer Plant are quite variable (see Figures 5-
17 and 5-18).  The extent of impacts is only limited by the artificial boundaries of the area.  
Additional characterization samples were collected outside the area boundaries to delineate the 
extent of impacts (see Galena Gulch evaluation). 

Only a few SVOCs and PCBs were detected in surface soil.  However, none of the detected 
analytes exceed their respective EPA Residential RSLs (see Table 5-27).   

Subsurface Soil (2 to 10-feet bgs) 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-28 and Figure 5-3).  The maximum arsenic concentration was 243 mg/kg at sample 
location IKJ-522 with the average concentration of 54.5 mg/kg.  In the absence of the maximum 
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concentration, the next highest arsenic concentration was 48.4 mg/kg, which is similar to the 
average background concentration in the Background Area 1 of 44 mg/kg.  Therefore, arsenic 
impacts to subsurface soil appear to be isolated and are likely due to tailings used as fill material 
or the use of other fill material that is naturally high in arsenic.  It has been reported that much of 
the Former Fertilizer Plant was constructed using the overburden or gray rock, which has an 
arsenic concentration of 316 mg/kg (see sample location IKJ-548).   

Lead does not exceed the EPA Residential RSL, nor do any other analytes.  Only a few SVOCs 
and PAHs were detected in subsurface soil.  However, none of the detected analytes exceed their 
respective EPA Residential RSLs (see Table 5-28).    

With the exception of sample location IKJ-522, arsenic and lead concentrations in subsurface 
soil are fairly uniform and considered consistent with native or background levels. 

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of this area is devoid of vegetation, so it is subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Iron King Mine Operations 
Area to the north, the Galena Gulch, and other nearby properties (e.g., Off-site Soil AOI) 
to the south.    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  The surface soil/sediment material is consistent with the tailings material 
from the Iron King Mine and was likely deposited as a result of historic mining activities 
or used as fill material.  Because the tailings material is fine-grained, it is particularly 
susceptible to storm water migration and may be transported some distance from the 
source.    

Arsenic and lead concentrations in surface soil demonstrate that tailings material is sporadically 
located throughout the area as a result of historic mining operations or because it was likely used 
as fill material (see Figures 5-17 and 5-18).  These areas are considered source material because 
they likely have been and will continue to be a source of contamination to other media (e.g., 
surface water, ambient air, etc.).  Also, because this material contains high concentrations of 
arsenic and lead and is readily mobile, it is considered a low-level threat waste.  

Low-level Threat Waste Source Volume 

The depth of the low-level threat waste in the Former Fertilizer Plant is assumed to be up to 2-
feet bgs.  This low-level threat waste impacted approximately an area of approximately 300 feet 
from north to south and 500 feet from east to west (see Figures 5-17 and 5-18).  Based on these 
parameters, the source volume is 11,100 cy.  This volume estimate is based on averages and 
assumes that the impacts extend to 2-feet bgs on average.   
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5.2.5 Iron King Mine Salvage Yard 

The Iron King Mine Salvage Yard is being operated as a salvage yard, but was historically used 
as a vocational high-school.   

A summary of surface soil data is provided in Table 5-29.  Arsenic and lead concentration data 
are presented in Figures 5-19 and 5-20 for surface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-29 and Figure 5-19).  The maximum arsenic concentration was 110 mg/kg with the average 
concentration of 27.4 mg/kg, which is consistent with the average background concentration in 
Background Area 1 of 48 mg/kg.  Arsenic concentrations in the surface soil are elevated, but are 
considered consistent with native or background levels.  The highest concentration of arsenic 
was detected at the 1 to 1.5-foot depth interval, but it was bounded horizontally by 
concentrations indicative of native material.  

Lead did not exceed the EPA Residential RSL (see also Figure 5-20).          

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the surface soil is devoid of vegetation, so it is 
subject to particulate migration.  Moderate to high wind events that occur throughout the 
year carry fine-grained materials and particulates from this area to the Iron King Mine 
Main Tailings Pile to the north and Galena Gulch and other nearby properties (e.g., Off-
site Soil AOI) to the south.    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  Although storm water may be controlled during light rain events, during high 
rain events surface water flows into the Upper Chaparral Gulch to the north and Galena 
Gulch to the south. 

Arsenic and lead concentrations in soil demonstrate that this material is likely native fill with 
slightly elevated arsenic and lead concentrations.  These isolated areas are not considered source 
material because the concentrations are similar to those found in the background soil dataset.  

Source 

5.3 HUMBOLDT SMELTER AOI 

The Humboldt Smelter AOI includes the Humboldt Smelter Ash Pile, Humboldt Smelter Slag, 
Humboldt Smelter Tailings Pile, Humboldt Smelter Operations Area, and Humboldt Smelter 
Off-site Migration.  



  EA Project No. 14342.34 
  Page 91 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

5.3.1 Humboldt Smelter Ash Pile 

The Humboldt Smelter Ash Pile is comprised of several piles of ash that are situated throughout 
the Humboldt Smelter AOI.   

Summaries of surface soil and subsurface soil data are provided in Tables 5-30 and 5-31.  
Arsenic and lead concentration data are presented in Figures 5-21 through 5-27. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-30 and Figure 5-21).  The average arsenic concentration of 167 mg/kg is approximately one 
order of magnitude greater than the average background surface soil concentration.  Lead 
concentrations in surface soil exceed the EPA Residential RSL of 400 mg/kg (see Table 5-30 and 
Figure 5-22).  The average lead concentration of 822 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration.  The average surface 
soil sulfate concentration of 218 mg/kg is approximately one order of magnitude greater than the 
average background surface soil concentration.  This information provides evidence that mining 
processes have concentrated inorganic concentrations in the ash materials above native or 
background levels.  

Arsenic and lead concentrations in the ash material exhibits a variability of one to two orders of 
magnitude throughout the ash pile, which likely corresponds to a mixture of native material with 
the ash in some locations (see Figures 5-21 through 5-23).  Ash material is very easy to identify 
and has been identified in piles throughout the Humboldt Smelter as well as to the north. 

The Humboldt Smelter Ash was sampled to evaluate the distribution of contamination by particle 
size.  The results of this evaluation are presented for arsenic and lead in Table 5-2.  There is not a 
significant difference in concentrations by particle size.  This evaluation demonstrates either that 
the ash material is fairly uniform or that larger particles had fine-grained material that adhered to 
the surface, which biased the concentrations high. 

Dioxin/furans toxic equivalency factors (TEF) equivalents, which were calculated using the 2005 
World Health Organization values, were detected in surface soil at concentrations that exceeded 
the EPA Residential RSLs (see Table 5-30 and Figure 5-23).  In addition, SVOCs and 
pesticides/PCBs were detected in surface soil samples.  However, only Aroclor-1248 exceeded 
its respective EPA Residential RSL.  This exceedance occurred at sample location HSJ-521, 
which was collected from near a concrete AST support (see sample collection information in 
Appendix A-4).  Aroclor-1248, which is a conglomerate of several PCBs, often coincides with 
heavy industrial activity and is likely a result of waste oil or other industrial use.  The 
dioxin/furans are likely a result of high-temperature emissions from the smelter stack. 

Subsurface (2 to 10-feet bgs) and Deep (> 10-feet bgs) Soil 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-31 and Figure 5-24).  The average arsenic concentration of 93.5 mg/kg is approximately 
one order of magnitude greater than the average background surface soil concentration.  Lead 
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concentrations in subsurface soil exceed the EPA Residential RSL of 400 mg/kg (see Table 5-31 
and Figure 5-25).  The average lead concentration of 1,130 mg/kg is approximately two orders of 
magnitude greater than the average background subsurface soil concentration.  The average 
subsurface soil sulfate concentration of 130 mg/kg is approximately one order of magnitude 
greater than the average background subsurface soil concentration.  This information provides 
evidence that mining processes have concentrated inorganic concentrations in the ash materials 
above native or background levels.  

Arsenic and lead concentrations in the ash material exhibits a variability of one to two orders of 
magnitude throughout the ash pile, which likely corresponds to a mixture of native material with 
the ash in some locations (see Figures 5-24 and 5-25).  Ash material is very easy to identify and 
has been identified in piles throughout the Humboldt Smelter as well as to the north. 

A single deep soil sample from 10 to 12-feet bgs was collected at sample location HSJ-538.  
Arsenic and lead concentrations in this sample are consistent with native or background levels 
and are considered unimpacted (see Figures 5-26 and 5-27). 

In addition, SVOCs and pesticides/PCBs were detected in subsurface soil samples.  However, 
only Aroclor-1248 and Aroclor-1254 exceeded their respective EPA Residential RSLs (see Table 
5-31).  These exceedances occurred at sample locations HSJ-515 and HSJ-521, which were 
collected from near the smelter and near a concrete AST support (see sample collection 
information in Appendix A-4).  Aroclors are a conglomerate of several PCBs and often coincides 
with heavy industrial activity.  It is likely a result of waste oil or other industrial use. 

Ash material (i.e., source material) may migrate to other media, exposure areas, or AOIs via the 
following migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the Ash Pile is denuded and subject to particulate 
migration.  Moderate to high wind events that occur throughout the year carry fine-
grained materials and particulates from the Ash Pile to the Off-site Soil AOI.    
 

• Surface Water Transport – Most of the Ash Pile is denuded and subject to storm water 
migration.  Also, the ash is fine-grained, so it is particularly susceptible to storm water 
migration and may be transported some distance from the source.  It is possible for storm 
water containing ash material to migrate to the Agua Fria to the east or Off-site Soil to 
the north and west.   

A surface soil sample from 0 to 0.5-feet bgs (HSJ-580-0-0_5) was collected from the Ash Pile 
and submitted for ABA analyses.  The results of these analyses are summarized as follows: 

Acid Generation Potential 

• The reported ABP for the Main Tailings Pile is 74 t CaCO3/Kt, which means that it is not 
likely to generate AMD (see Table 5-8). 
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• The ash material has a moderate neutralizing potential and relatively small amount of 
acid generating potential.  The positive ABP value is well within the safety factor for 
non- acid generating materials. 

Based on these analyses, the ash pile does not have a potential for generating AMD, but may 
have some acid neutralizing potential.     

The fine-grained ash material contains elevated concentrations of arsenic and high 
concentrations of lead that are a result of smelting processes.  The ash is considered source 
material because it is and continues to be a source of contamination to other media (e.g., surface 
water, ambient air, etc.).  Also, because this material contains elevated concentrations of arsenic, 
high concentrations of lead, and is highly mobile via air particulate migration, it is considered a 
principal threat waste.  

Pr incipal Threat Waste Source Volume 

The volume of ash material is subject to great variability given that there are large piles of ash 
material that are several feet above the surrounding surface.  Also, sample recovery in the ash 
piles was poor because of the fine-grained material.  However, if it is assumed that the depth to 
the bottom of the ash material is represented by the bottom depths of the associated borings on 
Figures 5-24 and 5-25, then the volume of ash material (i.e., source volume) in the Ash Pile is 
250,000 cy.  This was calculated by assuming that the ash pile was 1,200 feet from north to south 
and 800 feet from east to west with an average depth of 7 feet = 250,000 cy.  This volume 
estimate is based on averages and assumes that the deepest sample depths represent the bottom 
of the ash material.   

5.3.2 Humboldt Smelter Slag 

The Humboldt Smelter Slag is combination of piles of vitrified glass-like material along the 
eastern boundary adjacent to the Agua Fria River.   

Summaries of surface soil and subsurface soil data are provided in Tables 5-32 and 5-33.  
Arsenic and lead concentration data are presented in Figures 5-28 and 5-29 for surface soil, and 
Figures 5-24 and 5-25 for subsurface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil/slag exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-32 and Figure 5-28).  The average arsenic concentration of 131 mg/kg is approximately 
one order of magnitude greater than the average background surface soil concentration.  Lead 
concentrations in surface soil/slag exceed the EPA Residential RSL of 400 mg/kg (see Table 5-
32 and Figure 5-29).  The average lead concentration of 265 mg/kg is approximately one order of 
magnitude greater than the average background surface soil concentration.  The average surface 
soil/slag sulfate concentration of 240 mg/kg is approximately one order of magnitude greater 
than the average background surface soil concentration.  This information provides evidence that 
mining processes have concentrated inorganic concentrations in the mixed ash, slag, and soil 
materials above native or background levels.  
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Arsenic and lead concentrations in the surface soil/slag material exhibits a variability of one to 
two orders of magnitude throughout the various piles, which likely corresponds to either a 
difference in the material being processed or a contribution of ash material in the slag samples 
(see Figures 5-28 and 5-29).  Slag material is very easy to identify and has been identified in 
piles throughout the Humboldt Smelter. 

Two samples of pure slag material were sampled for characterization.  Sample location HSJ-514 
was collected from the larger slag pile and HSJ-561 was collected from the smaller slag pile (see 
sample collection information in Appendix A-4).  The arsenic concentration in slag samples 
HSJ-514 and HSJ-561 were 11.4 mg/kg and 601 mg/kg respectively (see Figure 5-28).  Although 
sample HSJ-514 did not have a detectable arsenic leachate concentration via SPLP testing (see 
Table 5-9), sample HSJ-561 had an arsenic leachate concentration via SPLP testing of 190 µg/L.  
Similarly, the lead concentration in slag samples HSJ-514 and HSJ-561 were 92 mg/kg and 
972 mg/kg respectively (see Figure 5-29).  Although sample HSJ-514 did not have a detectable 
arsenic leachate concentration via SPLP testing (see Table 5-9), sample HSJ-561 had a lead 
leachate concentration via SPLP testing of 150 µg/L.  Not only does this demonstrate that arsenic 
concentrations in slag material is variable, it also demonstrates that the slag material is leachable 
under slightly acidic conditions.   

Dioxin/furans were detected in surface soil/slag at concentrations that exceeded the EPA 
Residential RSLs for octachlorodibenzodioxin (OCDD) and octachlorodibenzofuran (OCDF) 
(see Table 5-32).  However, the dioxin/furan TEF equivalents did not exceed EPA Residential 
RSLs (see Figure 23).  The dioxin/furans are likely a result of high-temperature emissions from 
the smelter stack. 

Subsurface Soil (2 to 10-feet bgs) 
The slag material was too hard to bore through using a Geoprobe® sampling device.  Therefore, 
subsurface soil samples were collected adjacent to the Slag Pile.  Arsenic concentrations in 
subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 5-33 and 
Figure 5-24).  The maximum arsenic concentration was 38.1 mg/kg with the average 
concentration of 23 mg/kg.  These concentrations are similar to the average background 
concentration in the Background Area 1 of 44 mg/kg.  Lead does not exceed the EPA Residential 
RSL.  This evaluation demonstrates that the material beneath the slag piles is similar to 
background.  Arsenic and lead concentrations in subsurface soil are fairly uniform and 
considered consistent with native or background levels. 

Slag material (i.e., source material) may migrate to other media, exposure areas, or AOIs via the 
following migration pathways.   

Migration Pathways 

• Surface Water Transport – Most of the Slag Pile is denuded and therefore subject to 
storm water migration.  Because most of the slag is coarse grained, this is not thought to 
be a significant migration pathway.  Nevertheless, it is possible for storm water 
containing slag material to migrate to the Agua Fria to the east. 
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• Surface Water Partitioning – Surface water in contact with slag may partition into the 
dissolved phase.  Dissolved phase metals are more mobile, so increased dissolved metals 
concentrations equates to an increased potential for metals to migrate and infiltrate to 
adjoining surface or ground water.  

The slag material is hard, vitrified, glass-like material that is a result of smelting processes.  The 
slag contains elevated concentrations of arsenic and lead and is somewhat inert.  Many of the 
samples collected from this area were collected from mixed piles of slag, ash, and soil because it 
was difficult to collect samples from the vitrified slag.  Nevertheless, the slag material is 
considered source material and a low-level threat waste because it may impact other media (e.g., 
surface water, ground water, etc.). 

Low-level Threat Waste Source Volume 

Estimating the volume of the Slag Pile is highly uncertain given that the depth and thickness of 
the material is unknown.  Nevertheless, this low-level threat waste was assumed to have 
impacted an area of approximately 1,000 feet from north to south and 300 feet from east to west 
(see Figures 5-28 and 5-29).  It is assumed that the thickness of the slag overhanging the Agua 
Fria River is 150-feet (see photographs 8 through 10 in Appendix E).  Based on these 
parameters, the source volume is 1.7 million cy.  This volume estimate is based on averages and 
assumes that the impacts extend to 150-feet on average.   

5.3.3 Humboldt Smelter Operations Area 

The Humboldt Smelter Operations Area is an unutilized area where some historic mining 
operations were conducted (see Aerial Photographic Analysis of Iron King Mine/Humboldt 
Smelter Superfund Site (EPA 2008a) in Appendix A-1).    

Summaries of surface soil and subsurface soil data are provided in Tables 5-34 and 5-35.  
Arsenic and lead concentration data are presented in Figures 5-30, 5-31, and 5-23 for surface 
soil, and 5-24 and 5-25 for subsurface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-34 and Figure 5-30).  The average concentration of 134 mg/kg is approximately one order of 
magnitude greater than the average background surface soil concentration, but is considered 
consistent with some background data.  However, the maximum concentration of 1,100 mg/kg is 
an order of magnitude greater than most background data and is indicative of impacted non-
native material.   

Lead concentrations in surface soil exceed the EPA Residential RSL of 400 mg/kg (see also 
Figure 5-31).  The average concentration of 217 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration.  Like arsenic, the 
maximum concentration of 756 mg/kg is indicative of impacted non-native material.    
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Arsenic and lead concentrations at the Iron King Mine Operations Area - Miscellaneous are quite 
variable (see Figures 5-30 and 5-31).  The impacts are seemingly random, but are likely 
attributable to easily identified residual tailings, ash, or other non-native material. 

Dioxin/furans TEF equivalents were detected in surface soil at concentrations that exceeded the 
EPA Residential RSLs (see Table 5-34 and Figure 5-23).  The dioxin/furans are likely a result of 
high-temperature emissions from the smelter stack. 

In addition, PAHs and pesticides/PCBs were detected in two separate surface soil samples.  Of 
these detected analytes, only 5-PAHs exceeded EPA Residential RSLs in sample HS-08, which 
is an historic sample with an approximate location.  Additional details regarding this sample are 
unknown, but PAHs often coincide with heavy industrial activity and can be a result of waste oil 
or other industrial use.  

Subsurface Soil (2 to 10-feet bgs) 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-35 and Figure 5-24).  The maximum arsenic concentration was 22.5 mg/kg with the 
average concentration of 12.2 mg/kg, which is similar to the average background concentration 
in the Background Area 3 of 12.3 mg/kg.  Lead does not exceed the EPA Residential RSL in 
subsurface soil (see also Figure 5-25).  Nevertheless, this evaluation demonstrates that the 
subsurface soil is consistent with native or background levels and concentrations in subsurface 
soil are fairly uniform. 

Although bis(2-ethylhexyl)phthalate was detected in subsurface soil, it did not exceed its EPA 
Residential RSL (see Table 5-35).  

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the area is devoid of vegetation and subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Lower Chaparral Gulch, 
Agua Fria River, and other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  Storm water may transport fine-grained materials to the Lower Chaparral 
Gulch or Agua Fria River during high rain events. 

Arsenic and lead concentrations in soil demonstrate that there are small isolated areas with 
impacted non-native material that have slightly elevated concentrations.  These isolated areas are 
not considered source material because the concentrations are similar to those found in the 
background soil datasets.  Organics detected in the soil matrix are not considered source material 
because their concentrations are relatively low. 

Source 
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5.3.4 Humboldt Smelter Impoundment/Pond 

The Humboldt Smelter Impoundment/Pond is a historic surface water retention pond used when 
the smelter was in operation.   

Summaries of surface soil data are provided in Table 5-36.  Arsenic and lead concentration data 
are presented in Figures 5-32 and 5-33. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-36 and Figure 5-32).  The average arsenic concentration of 45.3 mg/kg is approximately 
consistent with the average background surface soil concentration.  Lead concentrations in 
surface soil exceed the EPA Residential RSL of 400 mg/kg (see also Figure 5-33).  The average 
lead concentration of 561 mg/kg is approximately two orders of magnitude greater than the 
average background surface soil concentration.  The maximum lead concentration of 
1,110 mg/kg demonstrates that the material in the impoundment/pond is similar to the ash 
material near the smelter.  The average surface soil sulfate concentration of 190 mg/kg is 
approximately one order of magnitude greater than the average background surface soil 
concentration.  This information provides evidence that mining processes have concentrated 
inorganic concentrations in the ash materials above native or background levels. 

Arsenic and lead concentrations in the ash material at the bottom of the impoundment/pond 
exhibits little variability; however, it contains much higher concentrations than the soil used to 
form the basin (see Figures 5-32 and 5-33).  Ash material is very easy to identify and is limited 
in the basin of the impoundment/pond.  

Although acetophenone was detected in surface soil, it did not exceed its EPA Residential RSL 
(see Table 5-36).  

Ash material (i.e., source material) may migrate to other media, exposure areas, or AOIs via the 
following migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the area is denuded and is subject to particulate 
migration.  Moderate to high wind events that occur throughout the year carry fine-
grained materials and particulates to the Off-site Soil AOI.    
 

• Surface Water Transport – Most of the area is denuded and subject to storm water 
migration.  However, surface water flows to the bottom of the impoundment/pond, so 
migration from this area is unlikely, unless there is a very high rain event that causes 
overflow of the impoundment pond.  
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The Humboldt Smelter Impoundment/Pond contains fine-grained ash material with elevated 
concentrations of arsenic and high concentrations of lead that are a result of smelting processes.  
The ash is considered source material because it is and continues to be a source of contamination 
to other media (e.g., surface water, ambient air, etc.).  Also, because this material contains 
elevated concentrations of arsenic, high concentrations of lead, and is highly mobile via air 
particulate migration, it is considered a principal threat waste. 

Pr incipal Threat Waste Source Volume 

The ash material in the basin of the impoundment pond is easily identifiable. If it is assumed that 
the depth to the bottom of the ash material is represented by the bottom depths of the associated 
samples, which is 2-feet bgs, then the volume of ash material (i.e., source volume) in the 
Humboldt Smelter Impoundment/Pond is 3,000 cy.  This was calculated by assuming that the ash 
was 200 feet from north to south and 200 feet from east to west with an average depth of 
2 feet = 3,000 cy.  This volume estimate is based on averages and assumes that the deepest 
sample depths represent the bottom of the ash material.  

5.3.5 Humboldt Smelter Off-site Migration 

The Humboldt Smelter Off-site Migration is a current and historic surface water migration 
pathway that flows from the northwest portion of the Humboldt Smelter (near the 
impoundment/pond), before joining an unnamed wash to the Agua Fria River (see Aerial 
Photographic Analysis of Iron King Mine/Humboldt Smelter Superfund Site [EPA 2008a] in 
Appendix A-1).    

Summaries of surface soil data are provided in Table 5-37.  Arsenic and lead concentration data 
are presented in Figures 5-32 and 5-33 for surface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-37 and Figure 5-32).  The average concentration of 26.3 mg/kg is considered consistent with 
background data.  Lead concentrations in surface soil do not exceed the EPA Residential RSL of 
400 mg/kg (see also Figure 5-33).  The average concentration of 55.9 mg/kg is slightly greater 
than the average background surface soil concentration.  

Arsenic and lead concentrations are higher near the Humboldt Smelter Impoundment/Pond than 
in the surface water migration pathway, which leads to the Agua Fria River (see Figures 5-32 
and 5-33).  This is likely evidence that surface water carrying impacted material has migrated to 
the north into the Off-site Soil AOI.  However, it is unlikely that significant amounts of impacted 
material reached the Agua Fria River given the concentration gradient along the migration 
pathway.  

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 
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• Air Particulate Migration – Most of the area is devoid of vegetation and subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to other nearby properties (e.g., Off-
site Soil AOI).    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  Storm water may transport to fine-grained materials to the Off-site AOI or to 
the Agua Fria River during high rain events. 

Arsenic and lead concentrations in soil demonstrate that there are small isolated areas with 
impacted non-native material with elevated arsenic and lead concentrations.  These isolated areas 
are not considered source material because the concentrations are similar to those found in the 
background soil datasets.   

Source 

5.3.6 Humboldt Smelter Tailings Pile 

The Humboldt Smelter Tailings Pile is comprised of a single tailing dam that is oriented from the 
south-southeast to the north-northwest.  It has two historical breaches, which have allowed 
tailings material to enter the Lower Chaparral Gulch.    

Although native rock and soil contains arsenic and lead, mining processes have concentrated 
these and other metals in the tailings material.  Summaries of surface soil and subsurface soil 
data are provided in Tables 5-38 and 5-39.  Arsenic and lead concentration data are presented in 
Figures 5-34, 5-35, and 5-23 for surface soil, and Figures 5-24 and 5-25 for subsurface soil. 

Nature and Extent of Contamination 

Surface Soil (0 to 2-feet bgs) 
Arsenic concentrations in surface soil exceed the EPA Residential RSL of 0.39 mg/kg (see Table 
5-38 and Figure 5-34).  The average concentration of 1,320 mg/kg is approximately two orders 
of magnitude greater than the average background surface soil concentration.  Lead 
concentrations in surface soil exceed the EPA Residential RSL of 400 mg/kg (see Table 5-38 and 
Figure 5-35).  The average concentration of 577 mg/kg is approximately two orders of 
magnitude greater than the average background surface soil concentration.  The average surface 
soil sulfate concentration of 11,200 mg/kg is approximately three orders of magnitude greater 
than the average background surface soil concentration.  Similar to arsenic and lead, this 
information provides evidence that mining processes have concentrated the sulfate 
concentrations in the tailings materials above native or background levels. 

Arsenic and lead concentrations in the tailings material exhibits one to two orders of magnitude 
of variability through much of the exposure area (see Figures 5-34 and 5-35).  However, there 
are a few samples along the edges of the exposure area that have arsenic and lead concentrations 
near background levels.  This is likely native material that is not impacted by tailings material. 

The Main Tailings Pile was sampled to evaluate the distribution of contamination by particle 
size.  The results of this evaluation are presented for arsenic and lead in Table 5-2.  There is not a 
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significant difference in concentrations by particle size.  This evaluation demonstrates either that 
the tailings material is fairly uniform or that larger particles had fine-grained material that 
adhered to the surface, which biased the concentrations high.   

Lead/arsenic speciation was utilized to determine if the tailings material at the Humboldt Smelter 
was consistent with the tailings material at the Iron King Mine.  Based on the differences 
between the Iron King Mine tailings samples and the Humboldt Smelter tailings samples, it can 
be stated that the material at the Humboldt Smelter is dissimilar to the Iron King Mine tailings 
(see Appendix B).  However, no definitive correlations could be made amongst the remaining 
samples (i.e., samples collected outside of the Iron King Mine tailings) as to source attribution.  

Although two organic compounds were detected in surface soil (see Table 5-38), neither analyte 
exceeded its respective EPA Regional RSL. 

Subsurface Soil (2 to 10-feet bgs) and Deep Soil (> 10-feet bgs) 
Arsenic concentrations in subsurface soil exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-39 and Figure 5-24); the average arsenic concentration of 25.9 mg/kg is consistent with 
background surface soil concentrations.  Lead concentrations in subsurface soil do not exceed the 
EPA Residential RSL of 400 mg/kg (see also Figure 5-25).  The average concentration of 
26.9 mg/kg is consistent with background surface soil concentrations.  The only other analyte 
that exceed its EPA Residential RSL was manganese, which had a low magnitude of exceedance.  
This information provides evidence that mining processes have not impacted the subsurface soil, 
where samples were collected, above native or background levels.  However, much of the area 
has tailings that are tens of feet think, but could not be sampled at depth due to the slope or 
inability to access the area with a Geoprobe® unit.   

Arsenic and lead concentrations beneath the tailings material do not indicate much variability, 
but are consistent with background concentrations (see Figures 5-24 and 5-25).  However, the 
extent of tailings material is several feet think in some locations and tens of feet think in others 
(see surface features documentation in Appendix A-6 and photographs 11 through 13 in 
Appendix E).    

Tailings material (i.e., source material) may migrate to other media, exposure areas, or AOIs via 
the following migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the Tailings Pile is denuded and subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from the Tailings Pile to the Lower Chaparral 
Gulch and other nearby properties (e.g., Off-site Soil AOI).    
 

• Surface Water Transport – Most of the Tailings Pile is denuded and subject to storm 
water migration.  Also, the tailings material is comprised of fine-grained materials, so it 
is particularly susceptible to storm water migration and may be transported some distance 
from the source.  This area continues to be an uncontrolled release of tailings material to 
the Lower Chaparral Gulch, particularly during high rain events. 
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• Leaching to Ground Water – As water percolates from the surface, through vadose 
zone soil to the underlying ground water, it can carry dissolved phase constituents.  
Additionally, source material in contact with ground water can leach directly to ground 
water.  In the lower reaches of this exposure area, tailings material is in close proximity 
with ground water and is likely leaching to ground water.  In addition, the tailings 
material within this exposure area is the source for some of the material within the Lower 
Chaparral Gulch, which has a potential for AMD (see ABA testing for the Lower 
Chaparral Gulch evaluation).    

The fine-grained tailings that settled behind the dams and coarser-grained material used to 
construct the dams contain high concentrations of arsenic and lead that are a result of the mining 
processes.  These tailings are considered source material because they have been and continue to 
be a source of contamination to other media (e.g., surface water, ambient air, etc.).  Also, 
because this material contains high concentrations of arsenic and lead and is readily mobile, it is 
considered a principal threat waste. 

Pr incipal Threat Waste Source Volume 

It was assumed that the depth to the bottom of the tailings material is 10-feet deep on average.  
This is likely a conservative estimate given that much of the upper reaches of the tailings 
material is only a few feet thick, whereas the lower reaches are often greater than 10 feet thick.  
Given this assumption, the volume of tailings material (i.e., source volume) in the Humboldt 
Smelter Tailings Pile is 185,000 cy.  This was calculated with the assumptions that the tailings 
material is approximately 1,000 feet from north to south and 500 feet from east to west with an 
average depth of 10 feet = 185,000 cy.  It should be noted that this does not include the tailings 
within the Lower Chaparral Gulch, which was evaluated in the Waterway AOI.  This volume 
estimate is based on averages and assumes that the deepest sample depths represent the bottom 
of the tailings material.   

5.4 WATERWAYS AOI 

The Waterways AOI includes the Galena Gulch, Chaparral Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls. 

5.4.1 Galena Gulch 

The Galena Gulch evaluation is comprised of the Galena Gulch, Background Galena Gulch, and 
adjoining drainage channels and outfalls.   

Summaries of surface soil/sediment and surface water data are provided in Tables 5-40 through 
5-42.  Arsenic and lead concentration data are presented in Figures 5-36, 5-37, 5-7, and 5-8. 

Nature and Extent of Contamination 

Surface Soil/Sediment (0 to 2-feet bgs) 
Arsenic concentrations in surface soil/sediment exceed the EPA Residential RSL of 0.39 mg/kg 
(see Table 5-40 and Figure 5-36).  The average arsenic concentration of 735 mg/kg is 
approximately two orders of magnitude greater than the average Background Galena Gulch 
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concentration of 22 mg/kg (see Table 5-41).  Lead concentrations in surface soil/sediment exceed 
the EPA Residential RSL of 400 mg/kg (see Figure 5-37).  The average lead concentration of 
1,617 mg/kg is approximately three orders of magnitude greater than the average Background 
Galena Gulch concentration of 20.5 mg/kg.  The average sulfate concentration of 2,826 mg/kg is 
approximately three orders of magnitude greater than the average Background Galena Gulch 
concentration of 11 mg/kg.  Much of the material with elevated concentrations of arsenic, lead, 
and sulfate was readily identifiable as tailings material; however, there are many samples that 
have elevated concentrations of these inorganics which appear to be native soil, but are in reality 
a mixture of tailings and native material.  This information provides evidence that mining 
processes have impacted the surface soil/sediment above native or background levels.    

Arsenic and lead concentrations in surface soil/sediment were elevated on the backslope of the 
Iron King Mine Former Fertilizer Plant compared to ambient or background levels (see 
Figures 5-36 and 5-37).  Concentrations of these metals tend to decrease downgradient in the 
Galena Gulch; however, the associated outfall/wash samples indicate that there are multiple 
routes of entry for sediments to wash into the Galena Gulch.  Impacts to the Galena Gulch 
continue downgradient past Highway 69, which is prior to where the Galena Gulch eventually 
joins the Agua Fria River. 

Surface Water 
Surface water was collected from the Galena Gulch during a high rain event that tended to 
mobilize sedimentary material downgradient. 

Arsenic and lead concentrations in unfiltered surface water exceed the surface water NAWQCs 
of 150 µg/L for arsenic and 47 µg/L for lead (see Table 5-42 and Figures 5-7 and 5-8).  In 
addition to arsenic and lead, there were a host of other inorganics that exceeded screening levels.  
These three unfiltered surface water samples from the Galena Gulch (i.e., GG-4, OW-14, and 
GG-14) demonstrate that inorganics are mobilized in surface water during high rain events.  
Background comparisons cannot be made, because the residence time of surface water was too 
short and background surface water samples could not be collected. 

The three unfiltered surface water samples from the Galena Gulch (i.e., GG-4, OW-14, and 
GG-14) demonstrate that inorganics are mobilized in surface water during high rain events.  
Surface water is mobilized from the Iron King Mine Operations Area, where storm water readily 
flows into Galena Gulch; (see surface water sample GG-4).  Surface water also mobilizes 
material from the Iron King Mine Former Fertilizer Plant, which has tailings material on its 
downslope and from the associated outfalls/washes that feed into the Galena Gulch (see surface 
water sample OW-14 and GG-14).  The extent of surface water impacts is dependent on the 
amount of rainfall, the inorganic concentrations of the entrained material, and local 
hydrogeological conditions.  Therefore, the extent of impacts is limited only by the meteorology 
of the area. 

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 
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• Air Particulate Migration – Most of this area is devoid of vegetation, so it is subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to the Iron King Mine Operations 
Area to the north and Galena Gulch and other nearby properties (e.g., Off-site Soil AOI) 
to the south.    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  The surface soil/sediment material is consistent with the tailings material 
from the Iron King Mine and was likely deposited as a result of historic mining activities 
or used as fill material.  Because the tailings material is fine-grained, it is particularly 
susceptible to storm water migration and may be transported some distance from the 
source.    

Arsenic and lead concentrations in surface soil/sediment demonstrate that tailings material is 
sporadically located throughout the area as a result of historic mining operations or because it 
was likely used as fill material (see Figures 5-36 and 5-37).  These areas are considered source 
material because they likely have been and will continue to be a source of contamination to other 
media (e.g., surface water, ambient air, etc.).  Also, because this material contains high 
concentrations of arsenic and lead and is readily mobile, it is considered a low-level threat waste. 

Low-level Threat Waste Source Volume 

The depth of the low-level threat waste in the Galena Gulch is assumed to be up to 2-feet bgs 
over the area encompassed by lead greater than 400 mg/kg (see Figure 5-37).  This low-level 
threat waste impacted approximately an area of approximately 500 feet from north to south and 
1,000 feet from east to west.  Based on these parameters, the source volume is 37,000 cy.  This 
volume estimate is based on averages and assumes that the impacts extend to 2-feet bgs on 
average.   

5.4.2 Chaparral Gulch 

The Chaparral Gulch evaluation is comprised of the Background Chaparral Gulch, Upper 
Chaparral Gulch, Middle Chaparral Gulch, Lower Chaparral Gulch, Lower Chaparral Gulch 
Dam - Confluence, and adjoining drainage channels and outfalls.  

5.4.2.1 Upper Chaparral Gulch 

The Upper Chaparral Gulch evaluation is comprised of the Upper Chaparral Gulch, Background 
Chaparral Gulch, and adjoining drainage channels and outfalls.   

Summaries of surface soil/sediment and surface water data are provided in Tables 5-43 through 
5-45.  Arsenic and lead concentration data are presented in Figures 5-38, 5-39, 5-7, and 5-8. 

Nature and Extent of Contamination 

Surface Soil/Sediment (0 to 2-feet bgs) 
Arsenic concentrations in surface soil/sediment exceed the EPA Residential RSL of 0.39 mg/kg 
(see Table 5-43 and Figure 5-38).  The average arsenic concentration of 130 mg/kg is 
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approximately an order of magnitude greater than the average Background Chaparral Gulch 
concentration of 32.9 mg/kg (see Table 5-44).  Lead concentrations in surface soil/sediment 
exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-39).  The average lead 
concentration of 146 mg/kg is approximately an order of magnitude greater than the average 
Background Chaparral Gulch concentration of 14.3 mg/kg.  The average sulfate concentration of 
4,082 mg/kg is approximately three orders of magnitude greater than the average Background 
Chaparral Gulch concentration of 4.75 mg/kg.  Much of the material with elevated 
concentrations of arsenic, lead, and sulfate resembled tailings material; however, there are many 
samples that have elevated concentrations of these inorganics which appear to be native soil, but 
are in reality a mixture of tailings and native material.  This information provides evidence that 
mining processes have impacted the surface soil/sediment above native or background levels.  

Generally, arsenic and lead concentrations in surface soil/sediment are greater than ambient or 
background levels and increase downgradient (see Figures 5-38 and 5-39).  All reaches of the 
Upper Chaparral Gulch are subject to migration of impacted material from the Iron King Mine.  
This can be first evidenced by sample location IKV-128, which receives storm water runoff from 
the Iron King Mine Operations Area – Miscellaneous.  Further downgradient, the Small Tailings 
Pile (see previous evaluation on the Small Tailings Pile) and associated outfall/wash area 
samples (e.g., OS-75) further add impacted material to the Upper Chaparral Gulch, as evidenced 
by elevated concentrations at location CG-7.  Further downgradient, samples collected form 
drainage channels from the Iron King Mine Mine Plant to the north (e.g., at sample locations IK-
D12 or S09) and from the Iron King Mine Main Tailings Pile to the east (e.g., at sample 
locations S13 or OW-10) provide evidence that these two areas contribute impacted material to 
the Upper Chaparral Gulch.  The arsenic and lead concentrations at OW-7 were 250 mg/kg and 
201 mg/kg respectively; these concentrations were significantly greater than their maximum 
Background Chaparral Gulch counterparts of 49 mg/kg for arsenic and 20.7 mg/kg for lead.  This 
demonstrates that historic mining activities at the Iron King Mine AOI have impacted the Upper 
Chaparral Gulch.  It should be noted that sample location OW-7 was collected from sedimentary 
material near the culvert that allows surface water to pass under Highway 69 to the Middle 
Chaparral Gulch. 

Surface Water 
Surface water was collected from the Upper Chaparral Gulch during a high rain event that tended 
to mobilize sedimentary material downgradient. 

Arsenic and lead concentrations in unfiltered surface water exceed the surface water NAWQCs 
of 150 µg/L for arsenic and 47 µg/L for lead (see Table 5-45 and Figures 5-7 and 5-8).  In 
addition to arsenic and lead, there were a host of other inorganics that exceeded screening levels.  
These three unfiltered surface water samples from the Upper Chaparral Gulch (i.e., GC-5, CG-7, 
and CG-9) demonstrate that inorganics are mobilized in surface water during high rain events.  
Background comparisons cannot be made, because the residence time of surface water was too 
short and background surface water samples could not be collected. 

The three unfiltered surface water samples from the Upper Chaparral Gulch (i.e., GC-5, CG-7, 
and CG-9) demonstrate that inorganics are mobilized in surface water during high rain events.  
As surface water flows from upgradient to downgradient, inorganics concentrations increase, 
demonstrating that impacted sedimentary material is being mobilized from nearby sources.   
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Surface water is mobilized from the Iron King Mine Operations Area – Miscellaneous and Small 
Tailing Pile, where storm water readily flows into Upper Chaparral Gulch; (see surface water 
sample CG-7).  Surface water also mobilizes material from the Iron King Mine Mine Plant and 
Iron King Mine Main Tailings Pile, and from the associated outfalls/washes that contribute to the 
Upper Chaparral Gulch (see surface water sample CG-9).  The extent of surface water impacts is 
dependent on the amount of rainfall, the inorganic concentrations of the entrained material, and 
local hydrogeological conditions.  Therefore, the extent of impacts is limited only by the 
meteorology of the area.  It should be noted that sample location CG-9 was collected from 
surface water near the culvert that allows surface water to pass under Highway 69 to the Middle 
Chaparral Gulch. 

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of this area is devoid of vegetation, so it is subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to nearby properties (e.g., Off-site 
Soil AOI) to the north.    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  The surface soil/sediment material is consistent with the tailings material 
from the Iron King Mine and was likely deposited as a result of historic mining activities.  
Because the tailings material is fine-grained, it is particularly susceptible to storm water 
migration and may be transported some distance from the source.    

Arsenic and lead concentrations in surface soil/sediment demonstrate that tailings material is 
sporadically located throughout the area as a result of historic mining operations or storm water 
runoff during high rain events (see Figures 5-38 and 5-39).  These areas are considered source 
material because they likely have been and will continue to be a source of contamination to other 
media (e.g., surface water, ambient air, etc.).  Also, because this material contains high 
concentrations of arsenic and lead and is readily mobile, it is considered a low-level threat waste.  

Low-level Threat Waste Source Volume 

The distribution of surface soil/sediment impacts within the Upper Chaparral Gulch coincides 
with potential source areas (e.g., Iron King Mine Mine Plant), but impacts are not congruent.  
Therefore, a source volume was not calculated because the value would be subject to high 
uncertainty.  Volumes may be estimated at a later date, if necessary.     

5.4.2.2 Middle Chaparral Gulch 

The Middle Chaparral Gulch evaluation is comprised of the Middle Chaparral Gulch, 
Background Chaparral Gulch, and adjoining drainage channels and outfalls.   
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Summaries of surface soil/sediment and surface water data are provided in Tables 5-44, 5-46, 
and 5-47.  Arsenic and lead concentration data are presented in Figures 5-40, 5-41, 5-7, and 5-8. 

Nature and Extent of Contamination 

Surface Soil/Sediment (0 to 2-feet bgs) 
Arsenic concentrations in surface soil/sediment exceed the EPA Residential RSL of 0.39 mg/kg 
(see Table 5-46 and Figure 5-40).  The average arsenic concentration of 204 mg/kg is 
approximately an order of magnitude greater than the average Background Chaparral Gulch 
concentration of 32.9 mg/kg (see Table 5-44).  Lead concentrations in surface soil/sediment 
exceed the EPA Residential RSL of 400 mg/kg (see Figure 5-41).  The average lead 
concentration of 241 mg/kg is approximately an order of magnitude greater than the average 
Background Chaparral Gulch concentration of 14.3 mg/kg.  The average sulfate concentration of 
4,240 mg/kg is approximately three orders of magnitude greater than the average Background 
Chaparral Gulch concentration of 4.75 mg/kg.  Much of the material with elevated 
concentrations of arsenic, lead, and sulfate, resembled tailings material; however, there are many 
samples that have elevated concentrations of these inorganics which appear to be native soil, but 
are in reality, a mixture of tailings and native material.  This information provides evidence that 
mining processes have impacted the surface soil/sediment above native or background levels.  

Generally, arsenic and lead concentrations in surface soil/sediment are greater than ambient or 
background levels and fairly consistent throughout this reach of the Middle Chaparral Gulch (see 
Figures 5-40 and 5-41).  Impacts material in the Middle Chaparral Gulch are in the main channel, 
as evidenced by sample locations CG-10 or IK-D14, and along the major outfall/wash to the 
south, as evidenced by CG-1 and CG-11.  These impacts are congruent with the historic surface 
water migration pathways, which carried impacted sedimentary material throughout the Middle 
Chaparral Gulch. 

Surface Water 
Surface water was collected from the Middle Chaparral Gulch during a high rain event that 
tended to mobilize sedimentary material downgradient. 

Arsenic and lead concentrations in unfiltered surface water exceed the surface water NAWQCs 
of 150 µg/L for arsenic and 47 µg/L for lead (see Table 5-47 and Figures 5-7 and 5-8).  In 
addition to arsenic and lead, there were a host of other inorganics that exceeded screening levels.  
These four unfiltered surface water samples from the Middle Chaparral Gulch (i.e., GC-1, CG-
10, CG-11, and CG-12) demonstrate that inorganics are mobilized in surface water during high 
rain events.  Background comparisons cannot be made, because the residence time of surface 
water was too short and background surface water samples could not be collected. 

The four unfiltered surface water samples from the Middle Chaparral Gulch (i.e., GC-1, CG-10, 
CG-11, and CG-12) demonstrate that inorganics are mobilized in surface water during high rain 
events.  As surface water flows from upgradient to downgradient, impacted sedimentary material 
is being mobilized from nearby sources.  Impacts in the Middle Chaparral Gulch are in the main 
channel, as evidenced by sample locations CG-10 or IK-D14, and along the major outfall/wash 
to the south, as evidenced by CG-1 and CG-11.  These impacts are congruent with the historic 
surface water migration pathways, which carried impacted surface water throughout the Middle 
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Chaparral Gulch.  The extent of surface water impacts is dependent on the amount of rainfall, the 
inorganic concentrations of the entrained material, and local hydrogeological conditions.  
Therefore, the extent of impacts is limited only by the meteorology of the area. 

Media from this area may migrate to other media, exposure areas, or AOIs via the following 
migration pathways.   

Migration Pathways 

• Air Particulate Migration – Most of this area is devoid of vegetation, so it is subject to 
particulate migration.  Moderate to high wind events that occur throughout the year carry 
fine-grained materials and particulates from this area to nearby properties (e.g., Off-site 
Soil AOI) to the north.    
 

• Surface Water Transport – Most of this area is denuded and subject to storm water 
migration.  The surface soil/sediment material is consistent with the tailings material 
from the Iron King Mine and was likely deposited as a result of historic mining activities 
and current surface water transport mechanisms.  Because the tailings material is fine-
grained, it is particularly susceptible to storm water migration and may be transported 
some distance from the source.    

Arsenic and lead concentrations in surface soil/sediment demonstrate that tailings material is 
sporadically located throughout the area as a result of historic mining operations or storm water 
runoff during high rain events (see Figures 5-40 and 5-41).  The Aerial Photographic Analysis of 
Iron King Mine/Humboldt Smelter Superfund Site (EPA 2008a) in Appendix A-1 demonstrates 
that surface water from the mining operations flowed through this area to Middle Chaparral 
Gulch.  Although some of the surface water transport migration pathways no longer exist, 
migration pathways still remain.  These areas are considered source material because they likely 
have been and will continue to be a source of contamination to other media (e.g., surface water, 
ambient air, etc.).  Also, because this material contains high concentrations of arsenic and lead 
and is readily mobile, it is considered a low-level threat waste. 

Low-level Threat Waste Source Volume 

The depth of the low-level threat waste in the Middle Chaparral Gulch is assumed to be up to 
2-feet bgs over the area encompassed by both the main channel and along the major outfall/wash 
to the south (see Figures 5-40 and 5-41).  Based on these parameters, the source volume is 
37,000 cy.  This was calculated using the following assumptions: 

• Impacted surface soil/sediment in the main channel: 3,000 feet from northwest to 
southeast and 100 feet wide with an average depth of 2 feet = 22,200 cy 
 

• Impacted surface soil/sediment in the major outfall/wash to the south: 2,000 feet from 
west to east and 100 feet wide with an average depth of 2 feet = 14,800 cy 

This volume estimate is based on averages and assumes that the impacts extend to 2-feet bgs on 
average.   
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5.4.2.3 Lower Chaparral Gulch 

The Lower Chaparral Gulch evaluation is comprised of the Lower Chaparral Gulch, Background 
Chaparral Gulch, and adjoining drainage channels and outfalls.  The Lower Chaparral Gulch has 
been affected by sedimentation from the Humboldt Smelter Tailings Pile and upgradient 
Chaparral Gulch sources (including historic contributions from the Iron King Mine) behind the 
dam.  In the absence of the dam, the Lower Chaparral Gulch would likely resemble the Middle 
Chaparral Gulch, albeit with a steeper gradient.  The dam has historically served to halt the 
migration of tailings material to the Agua Fria River; however, because the dam is full of 
sediments this is no longer the case. Therefore, the dam plays a key role the future of the Lower 
Chaparral Gulch and must be a prominent consideration in remedial decisions for this area.   

The Lower Chaparral Gulch is typically a terrestrial environment with small aquatic 
environments near the dam.  Potential jurisdictional wetlands have been identified in this area.    

Although native rock and soil contains arsenic and lead, mining processes have concentrated 
these and other metals in the tailings material found in the Lower Chaparral Gulch.  Summaries 
of surface soil/sediment, subsurface soil, deep soil, and surface water data are provided in Tables 
5-48 through 5-52.  Arsenic and lead concentration data are presented in Figures 5-42, 5-43, and 
5-23 for surface soil/sediment; Figures 5-24 through 5-27 for subsurface and deep soil; and 
Figures 5-7 through 5-10 for surface water. 

Nature and Extent of Contamination 

Surface Soil/Sediment (0 to 2-feet bgs) 
Arsenic concentrations in surface soil/sediment exceed the EPA Residential RSL of 0.39 mg/kg 
(see Table 5-48 and Figure 5-42).  The average concentration of 370 mg/kg is approximately one 
order of magnitude greater than the average concentration for Background Chaparral Gulch.  
Lead concentrations in surface soil/sediment exceed the EPA Residential RSL of 400 mg/kg (see 
Table 5-49 and Figure 5-43).  The average concentration of 454 mg/kg is approximately an order 
of magnitude greater than the average concentration for Background Chaparral Gulch.  The 
average surface soil/sediment sulfate concentration of 24,000 mg/kg is approximately three 
orders of magnitude greater than the average concentration for Background Chaparral Gulch.  
This information provides evidence that mining processes (i.e., tailings) have impacted the native 
material in the Lower Chaparral Gulch above native or background levels. 

Much of the material with elevated concentrations of arsenic, lead, and sulfate, resembled 
tailings material; however, there are many samples that have elevated concentrations of these 
inorganics, which appear to be native soil, but are in reality a mixture of tailings and native 
material. 

Arsenic and lead concentrations in surface soil/sediment exhibit variability of an order of 
magnitude or more (see Figures 5-42 and 5-43).  However, concentrations of arsenic and lead are 
generally greater in the Lower Chaparral Gulch than in the Middle or Upper Chaparral Gulch, 
which confirms that the Humboldt Smelter Tailings Pile is a significant source of impacted 
material.  Also, the distribution of impacts seems to be only limited by the slope of the 
surrounding hillsides as impacted material is present from south to north and east to west.   
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The Lower Chaparral Gulch was sampled to evaluate the distribution of contamination by 
particle size.  The results of this evaluation are presented for arsenic and lead in Table 5-2.  
There is not a significant difference in concentrations by particle size.  This evaluation 
demonstrates that the tailings material is fairly uniform or that larger particles had fine-grained 
material that adhered to the surface, which biased the concentrations high.   

Lead/arsenic speciation was utilized to determine if the material in the Lower Chaparral Gulch is 
consistent with the tailings at the Iron King Mine or Humboldt Smelter.  Based on the 
differences between the Iron King Mine tailings samples and all other samples for both arsenic 
and lead speciation, it can be stated that the material in the Lower Chaparral Gulch are dissimilar 
to the Iron King Mine tailings.  This does not mean that the Lower Chaparral Gulch does not 
contain materials from the Iron King Mine Main Tailings Pile or other current/historic sources of 
tailings at the Iron King Mine AOI.  In fact, an analysis of past and current surface water 
migration pathways indicate that tailings from the Iron King Mine AOI have migrated into the 
Upper, Middle, and Lower Chaparral Gulch and constitute a portion of the materials within those 
areas.  Although, the tailings, in their current state, at the Iron King Mine Main Tailings Pile are 
not similar to tailings, in their current state, in the Lower Chaparral Gulch, the surface water 
migration processes, which transported tailings from the Iron King Mine AOI to the Lower 
Chaparral Gulch, transformed the geochemical nature of the tailings and/or mixed them with 
native material in such a fashion that source attribution cannot occur. 

Dioxin/furans were detected in surface soil/sediments at concentrations that exceeded the EPA 
Residential RSLs for OCDD and OCDF (see Table 5-48).  However, the dioxin/furan TEF 
equivalents did not exceed EPA Residential RSLs (see Figure 23).  The dioxin/furans are likely a 
result of high-temperature emissions from the smelter stack. 

Although acetophenone was detected in surface soil/sediment, it did not exceed its EPA 
Residential RSL (see Table 5-48).  

Subsurface (2 to 10-feet bgs) and Deep (> 10-feet bgs) Soil 
The nature of the tailings/native soil material in subsurface and deep soils is very similar to that 
at the surface.  Arsenic and lead exceed their respective EPA Residential RSLs in subsurface soil 
(see Table 5-49 and Figures 5-24 and 5-25).  Arsenic and lead exceed their respective EPA 
Residential RSLs in deep soil too (see Table 5-50 and Figures 5-26 and 5-27).   

Figures 5-24 and 5-25 demonstrate that tailings have impacted the native material within the 
subsurface soil depth interval.  However, Figures 5-26 and 5-27 indicate that the depth of 
impacted native material is less than approximately 20-feet bgs near the dam, but greater than 
approximately 11-feet bgs in upper portion of the Lower Chaparral Gulch.  It should be noted 
that the field geologist inspected the deep soil borings for tailings material and collected samples 
from just below the tailings/native soil horizon.  This weight of evidence indicates that the 
material behind the dam, which is impacted with tailings material, extends to approximately 
20-feet bgs.  A cross-section of the Lower Chaparral Gulch is provided in Appendix E and 
provides a visual representation of the magnitude of this source area. 
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Surface Water 
Standing surface water in the Lower Chaparral Gulch was sampled after rain events, when 
surface water was pooled or flowing slightly towards the dam.  Nevertheless, the surface water 
samples collected from this area are representative of typical conditions during the monsoon 
season.     

Arsenic and lead concentrations in surface water exceed their respective surface water NAWQC 
of 150 and 47 µg/L (see Table 5-51 and Figure 5-7 and 5-8).  Arsenic in surface water exceeded 
its NAWQC at location CG-14, which had a concentration of 308 µg/L.  This pool of water was 
stagnant, with a pH of 2.9 and a magenta glow indicative of AMD.  The remaining surface water 
samples were collected from pools with in- and out-flow.  For example, the surface water sample 
collected from CG-16 had a pH of 5.6 and was clear, indicating an absence of AMD, which is 
supported by the arsenic concentration of 46.4 µg/L.  Nevertheless, sulfate and TDS 
concentration in surface water collected from sample location CG-16 were elevated, 
demonstrating that the surface water was impacted by tailings material (see Figures 5-9 and 
5-10).    

The only other sample of note was sample CG-22, which was collected from a piezometer 
behind the dam, and represents ground water from approximately 4-feet bgs.  The arsenic and 
lead concentrations in this sample were elevated (i.e., 115 and 125 µg/L respectively) in 
comparison to the other samples collected in the area, indicating possible AMD conditions.  
Sulfate and TDS concentrations were equally elevated in this sample (see Figures 5-9 and 5-10). 

Filtered surface water samples, which provide dissolved concentrations, exceeded screening 
criteria for a host of inorganics (see Table 5-52).  The dissolved concentrations comprised a 
fraction of the unfiltered or total in most of the surface water samples collected in the Lower 
Chaparral Gulch.  The exception was at CG-14, where AMD conditions were present.  Dissolved 
arsenic in this sample had a concentration of 265 µg/L, which is most of the total of 308 µg/L 
(see Figure 5-7).  These concentrations were expected given that the substrate has elevated 
arsenic concentrations (i.e., 343 mg/kg) and the pH of the water is low (i.e., pH of 2.9).  These 
conditions are emblematic of AMD, which was discussed further below.       

The metal concentrations in surface water are consistent with the surrounding impacted surface 
soil/sediment impacted tailings material.  The extent of surface water coincides with the amount 
of rainfall and varies considerably throughout the year.  Therefore, the extent of impacts is 
limited only by the meteorology of the area.    

Source material may migrate to other media, exposure areas, or AOIs via the following migration 
pathways.   

Migration Pathways 

• Air Particulate Migration – Most of the area is largely denuded or contains moderate 
vegetation, so it is subject to particulate migration.  Moderate to high wind events that 
occur throughout the year carry fine-grained materials and particulates to other nearby 
properties (e.g., Off-site Soil AOI).    
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• Surface Water Transport – The area is largely denuded or contains moderate 
vegetation, so it is subject to storm water migration.  Also, the surface soil/sediment 
material is fine-grained, so it is particularly susceptible to storm water migration and may 
be transported some distance from the source.  Surface water from the Lower Chaparral 
Gulch readily flows over the dam or percolates through the saturated soil and emits as 
surface water from a weir in the bottom of the dam.     
 

• Surface Water Partitioning – Surface water in contact with impacted surface 
soil/sediment tailings material has demonstrated AMD conditions.  With AMD, metals 
solubility increases as pH decreases.  This leads to suspended solids with high metals 
concentrations to partition to the dissolved phase in surface water.  Dissolved phase 
metals are more mobile, so increased dissolved metals concentrations equates to an 
increased potential for metals to infiltrate to ground water.  
 

• Leaching to Ground Water – As water percolates from the surface, through vadose 
zone soil to the underlying ground water, it can carry dissolved phase constituents.  
Additionally, source material in contact with ground water can leach directly to ground 
water.   
 

• Ground Water to Surface Water – Ground water has been observed emitting as surface 
water within the Lower Chaparral Gulch.  This phenomenon provides a source of surface 
water to the Chaparral Gulch. 

Surface soil/sediment samples from 0 to 0.5-feet bgs were collected from the Lower Chaparral 
Gulch and submitted for ABA analyses.  The results of these analyses are summarized as 
follows: 

Acid Generation Potential 

• The reported ABP for sample locations HSJ-582, HSJ-583, and HSJ-584 were -63,-112, 
and -80 t CaCO3/Kt, respectively.  This means that this material is likely to generate 
AMD (see Table 5-8) 

• The reported value would be reduced if recalculated using pyritic sulfur, but would still 
be considered likely to generate AMD. 

Based on these analyses, the mine tailings have a moderate potential to generate AMD.  
However, the SPLP results for arsenic provide a more mixed result.  SPLP samples collected 
from two locations had low arsenic leachate concentrations (i.e., non-detect at HSJ-582 with a 
substrate sample concentration of 365 mg/kg and 23 µg/L at HSJ-584 with a substrate sample 
concentration of 139 mg/kg).  The arsenic leachate concentration at location HSJ-583 was 
1,500 µg/L with a substrate sample concentration of 149 mg/kg (see Table 5-9).  This provides 
evidence that AMD is likely to occur at location HSJ-583.  There are two variables that affect 
sample location HSJ-583, which do not affect the other two samples.   

• Sample location HSJ-583 was upgradient of the main Lower Chaparral Gulch channel 
and likely represents pure unmixed tailings material from historic Humboldt Smelter 
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operations.  Whereas, the material from locations HSJ-582 and HSJ-584 represents a 
mixture of tailings and native material, which may have some buffering capacity. 
 

• Ground water to surface water transport near location HSJ-583, so this material likely had 
a higher moisture content.      

Surface soil/sediment and subsurface soil samples from CG-22 were collected and submitted for 
ABA analyses.  The results of these analyses are summarized as follows: 

• The reported ABP for sample the sample collected from 0.5 to 2-feet bgs and the sample 
collected from 7 to 8-feet bgs were -7 and -9 t CaCO3/Kt, respectively.  This means that 
this material is indeterminate to generate AMD (see Table 5-8). 

Based on these analyses, the acid generation potential behind the dam is indeterminate as to 
AMD generation.  The SPLP sample collected from the 0.5 to 2-feet bgs depth interval had a 
non-detect SPLP arsenic leachate concentration, with a substrate concentration of 75.2 mg/kg.  
Whereas, the sample collected from the 7 to 8-feet bgs depth interval had a SPLP arsenic 
leachate concentration of 240 µg/L, with a substrate concentration of 418 mg/kg.  This provides 
evidence that AMD may occur at location CG-22 behind the dam. 

Tailings Geochemical Processes 
Negative acid base potentials for the Lower Chaparral Gulch indicates that acid leachate is 
forming in the surficial environment as a result of sulfide oxidation.  The presence of sulfate in 
these samples also indicates active sulfide oxidation (see Figure 5-11).  The absence of oxidation 
(i.e., anoxic conditions) or reducing conditions in deeper borings was inferred from visual 
inspection of core samples (see sample collection information for HSJ-535 in Appendix A-4).  
Therefore, the material in subsurface soil within the Lower Chaparral Gulch appears to be stable 
because oxygen diffusion is limited by the fine grain size and high moisture contents.   

Surface Water Geochemical Processes 
Most of the small surface water ponds within the Lower Chaparral Gulch contain fine-grained 
materials that are a result of sedimentation (see Figure 5-12).  Because these water bodies are 
shallow, oxygen is readily available to surface waters and sediments.  These conditions are ideal 
conditions for the formation of hydrogen sulfide gas as a result of anaerobic microbially 
facilitated processes.  The dissolved gas reacts with metals and precipitates metal sulfides, which 
lowers the concentrations of both metal and sulfur in the water.  Although some contaminants 
may be retained in the sediments by adsorption, arsenic is not readily adsorbed under reducing 
conditions and often mobilizes from the substrate into surface water. 

Also, acidic pH conditions and high arsenic concentrations have been measured in the surface 
water.  The acidic conditions in the ponds preclude iron oxide formation that sequesters arsenate 
at higher pH conditions.   

Fine-grained tailings material has mixed with coarser-grained native material within the Lower 
Chaparral Gulch.  This conglomerate contains high concentrations of arsenic and lead and is 

Pr incipal Threat Waste Source Volume 
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considered source material because it is and will continue to be a source of contamination to 
other media (e.g., surface water, ambient air, etc.).  Also, because this material contains high 
concentrations of arsenic and lead and is readily mobile, it is considered a principal threat waste. 

It was assumed that the depth to the bottom of the tailings material is 15-feet deep on average.  
This is likely a conservative estimate given that much of the upper reaches or back deposits of 
the tailings material may be only a few feet thick, whereas the lower reaches are often greater 
than 15 feet thick.  Given this assumption, the volume of tailings material (i.e., source volume) in 
the Lower Chaparral Gulch is 417,000 cy.  This was calculated with the assumptions that the 
tailings material is approximately 1,500 feet from northwest to southeast and 500 feet from north 
to south an average depth of 15 feet = 417,000 cy.  This volume estimate is based on averages 
and assumes that the deepest sample depths represent the bottom of the tailings material.   

5.4.2.4 Lower Chaparral Gulch Dam - Confluence 

The Lower Chaparral Gulch Dam – Confluence is typically an aquatic environment because 
surface water emanates from the dam during most of the year.    

Summaries of sediment and surface water data are provided in Tables 5-53 through 5-55.  
Arsenic and lead concentration data are presented in Figures 5-42 and 5-43 for surface 
soil/sediment and Figures 5-7 through 5-9 for surface water. 

Nature and Extent of Contamination 

Sediment (0 to 0.5-feet bgs) 
Arsenic concentrations in sediment exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-53 and Figure 5-42).  The average concentration of 425 mg/kg is approximately one 
order of magnitude greater than the average concentration for Background Chaparral Gulch.  
Lead concentrations in sediment did not exceed the EPA Residential RSL of 400 mg/kg (see 
Table 5-52 and Figure 5-43).  The average concentration of 207 mg/kg is approximately an order 
of magnitude greater than the average concentration for Background Chaparral Gulch.  The 
average sediment sulfate concentration of 4,440 mg/kg is approximately three orders of 
magnitude greater than the average concentration for Background Chaparral Gulch.  This 
information provides evidence that mining processes (i.e., tailings) have impacted the native 
material in the Lower Chaparral Gulch Dam - Confluence above native or background levels. 

Much of the material with elevated concentrations of arsenic, lead, and sulfate, resembled 
tailings material; however, there are many samples that have elevated concentrations of these 
inorganics, which appear to be native soil, but are in reality a mixture of tailings and native 
material. 

Arsenic and lead concentrations in sediment exhibit little variability in this area (see Figures 5-42 
and 5-43).  The concentrations very near the dam are similar to those found in historic tailings 
piles downgradient, near the confluence with the Agua Fria River.   

 

 



  EA Project No. 14342.34 
  Page 114 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

Surface Water 
Surface water was sampled when pooled or flowing slightly downgradient of the dam.  
Nevertheless, the surface water samples collected from this area are representative of typical 
conditions during the year.     

Lead concentrations in surface water exceed its respective surface water NAWQC of 47 µg/L 
(see Table 5-54 and Figure 5-8).  Lead in surface water exceeded its NAWQC at location CG-19, 
which had a concentration of 58 µg/L.  Sulfate in CG-19 was also elevated, demonstrating that 
the surface water was impacted by tailings material from upgradient sources (see Figure 5-9).  In 
addition to lead, a host of other inorganics exceeded their respective screening levels, indicating 
that inorganics from upgradient sources are impacting surface water.  Filtered surface water 
samples, which provide dissolved concentrations, exceeded screening criteria for a host of 
inorganics (see Table 5-55).  The dissolved concentrations comprised a fraction of the unfiltered 
or total in most of the surface water samples collected in the Lower Chaparral Gulch Dam - 
Confluence.      

The metal concentrations in surface water are consistent with the surrounding impacted sediment 
material.  The extent of surface water coincides with the amount of rainfall and varies 
considerably throughout the year.  Therefore, the extent of impacts is limited only by the 
meteorology of the area.    

Source material may migrate to other media, exposure areas, or AOIs via the following migration 
pathways.   

Migration Pathways 

• Surface Water Transport – The area is largely confined and surface water is prominent 
throughout the year, particularly during high rain events.  The sediment material is fine-
grained so it is particularly susceptible to storm water migration and may be transported 
some distance from the source.  Surface water from the Lower Chaparral Gulch Dam – 
Confluence readily flows to the Agua Fria River.     
 

• Ground Water to Surface Water – Ground water is likely emitting as surface water 
within the Lower Chaparral Gulch Dam – Confluence; however, this phenomenon is not 
considered a significant source of surface water to the area. 

Fine-grained tailings material has mixed with coarser-grained native material within the Lower 
Chaparral Gulch Dam - Confluence.  This conglomerate contains elevated concentrations of 
arsenic and lead and is considered source material because it is and will continue to be a source 
of contamination to other media (e.g., surface water, etc.).  Also, because this material contains 
elevated concentrations of arsenic and lead and is readily mobile, it is considered a low-level 
threat waste. 

Low-level Threat Waste Source Volume 

It was assumed that the depth to the bottom of the sediment 2-feet deep on average.  Given this 
assumption, the source volume in the Lower Chaparral Gulch Dam - Confluence is 18,000 cy.  
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This was calculated with the assumptions that the impacted material is approximately 1,200 feet 
from northwest to southeast and 20 feet from north to south an average depth of 2 feet = 18,000 
cy.   

5.4.3 Agua Fria River 

The Agua Fria River is comprised of the Background Agua Fria River, Agua Fria River, and 
adjoining drainage channels and outfalls.  The Agua Fria River is an aquatic environment in 
proximity to the Site during most of the year.   

5.4.3.1 Nature and Extent of Contamination 

Summaries of sediment and surface water data are provided in Tables 5-56 through 5-61.  
Arsenic and lead concentration data are presented in Figures 5-44 and 5-45 for surface 
soil/sediment and Figures 5-7 through 5-9 for surface water. 

Arsenic concentrations in sediment exceed the EPA Residential RSL of 0.39 mg/kg (see 
Table 5-56 and Figure 5-45).  The average concentration of 92.9 mg/kg is approximately one 
order of magnitude greater than the average concentration for Background Agua Fria River of 
17 mg/kg (see Table 5-57).  Lead concentrations in sediment exceeded the EPA Residential RSL 
of 400 mg/kg (see Table 5-56 and Figure 5-45).  The average concentration of 349 mg/kg is 
almost two orders of magnitude greater than the average concentration for Background Agua 
Fria River of 9.6 mg/kg.  The average sediment sulfate concentration of 48.4 mg/kg is similar to 
the average concentration for Background Agua Fria River of 3.4 mg/kg.  This information 
provides evidence that mining processes (i.e., ash and tailings) have impacted the native material 
in the Agua Fria River above native or background levels. 

Sediment (0 to 0.5-feet bgs) 

Arsenic and lead concentrations in sediment exhibit great variability in this area that correspond 
to migration of impacted material from sources adjacent to the Agua Fria River (see Figures 5-44 
and 5-45).  The concentrations upgradient of the Site in the Agua Fria River sediments are fairly 
low, although one unnamed tributary of the Agua Fria River to the east has decidedly elevated 
concentrations compared to the main channel of the river.  Nevertheless, near OW-20 and 
OW-21, the concentrations of sedimentary material decidedly increase.  These increases in 
arsenic and lead concentrations are consistent with ash material from the Humboldt Smelter, 
which is entering the Agua Fria River.  Similarly, sample location OW-18 represents a large 
tailings pile that acts as a source to the Agua Fria River.  The slightly elevated concentrations of 
arsenic and lead found at sample location OW-19 are considered similar to background and not 
likely due to a potential source area to the east.  The largest contributor of impacted material to 
the Aqua Fria likely comes from the Chaparral Gulch, as observed by the increase in arsenic and 
lead concentrations downgradient of the confluence.  The arsenic concentration of 206 mg/kg at 
AF-12 was collected during the initial EPA RI field investigation; this location was resampled to 
confirm impacts during a subsequent mobilization and the arsenic concentration was 26.9 mg/kg.  
This demonstrates that impacts to this stretch of the Aqua Fria River are localized and/or the 
sediment material in this area is transient.  Finally, the arsenic and lead sample concentrations at 
AF-18 are similar to Background Aqua Fria River concentrations.  Therefore, AF-18 is 
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considered the limit of impacts to the Aqua Fria from the Humboldt Smelter and Chaparral 
Gulch.       

Surface water was sampled when flowing slightly to briskly downgradient. These surface water 
conditions are typical of those throughout the year.     

Surface Water  

Nature and Extent of Contamination 
Arsenic and lead concentrations in surface water did not exceed their respective surface water 
NAWQC of 150 and 47 µg/L respectively (see Tables 5-58 through 5-61 and Figures 5-7 and 
5-8).  These analyte concentrations did not indicate great variability from the background area 
through the stretch that borders the Humboldt Smelter to the furthest downgradient sampling 
location.  This is likely because the swift moving surface water has such a large volume in 
comparison to potentially impacted storm water flowing into it; thereby diluting the source 
volume.  Although the Agua Fria River is impacted, the impacts are not quantifiable with 
reasonable certainty.   

Sulfate was also detected in surface water at AF-11 with a concentration that was approximately 
twice that of the upgradient and background samples (see Figure 5-9). This could be attributable 
to natural variation in concentrations or it may be due to impacted surface water flowing from 
the Chaparral Gulch.  It should be noted that the furthest downgradient sampling location that 
was analyzed for sulfate (i.e., AF-15) had sulfate concentrations similar to background.    

Finally, a host of other inorganics exceeded their respective screening levels as demonstrated on 
Tables 5-58 through 5-61.      

5.4.3.2 Migration Pathways 

Source material may migrate to other media, exposure areas, or AOIs via the following migration 
pathways.   

• Surface Water Transport – The area is largely confined and surface water is prominent 
throughout the year, particularly during high rain events.  The native and non-native 
sediment material is fine-grained, so it is particularly susceptible to storm water 
migration and may be transported some distance from the source.       
 

• Ground Water to Surface Water – Ground water is likely emitting as surface water 
within the Agua Fria River; however, this phenomenon is not considered a significant 
source of surface water to the area. 

5.4.3.3 Low-level Threat Waste Source Volume 

Fine-grained impacted material has mixed with the fine- and coarser-grained native material 
within the Agua Fria River.  This conglomerate contains low to moderate concentrations of 
arsenic and lead, but is not considered source material.   
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However, there are tailings and ash piles along the bank of the Agua Fria River that are 
considered source material because the material is and will continue to be a source of 
contamination to other media (e.g., surface water, etc.).  Also, because this material contains 
elevated concentrations of arsenic and lead and is readily mobile, it is considered a low-level 
threat waste. 

The source volume near OW-20 and OW-21 was included in the calculations for the Humboldt 
Smelter and will not be repeated here.  However, the source volume near OW-18 has not been 
included in any other areas.  Therefore, it was assumed that this tailings pile was 4-feet deep on 
average.  Given this assumption, the source volume in this area of the Agua Fria River is 
6,700 cy.  This was calculated with the assumptions that the impacted material is approximately 
300 feet from northeast to southwest and 150 feet from north to south with an average depth of 
4 feet = 6,700 cy.   

5.5 OFF-SITE SOIL AOI 

The Off-site Soil AOI includes residential, background, and ancillary properties (e.g. public 
areas and commercial properties) in the vicinity of the Iron King Mine, Humboldt Smelter, and 
Waterway AOIs. 

5.5.1 Residential, Commercial, and Public Properties 

In September 2008 and April/May 2009, EPA sampled 45 privately owned, residential parcels 
and one elementary school playground throughout the Town of Dewey-Humboldt.  Sample 
locations were selected from parcels that were suspected of being impacted by historic mining 
and smelting operations (see Figures 5-46 through 5-51).  In addition, the data from the 2005 
Removal Assessment were incorporated into the evaluation (Ecology & Environment 2005).  
During the 2005 investigation, 17 privately owned, residential parcels were sampled.  Combining 
the two data sets formed a more robust dataset that allowed EPA to evaluate impacts to a greater 
portion of the residential and public areas.  Including data from the 2005 and 2008/2009 
sampling events, a total of 65 parcels were evaluated. 

The samples collected by EPA in September 2008 and April/May 2009 were analyzed for 23 
metals on the TAL Metals list, including lead and arsenic.  The samples collected during the 
2005 removal assessment were only analyzed for lead and arsenic.  

5.5.1.1 Nature and Extent of Contamination 

Summaries of the data are provided in Tables 5-62 through 5-128 as well as Figures 5-46 
through 5-51.  Arsenic maximum concentrations in soil exceed the EPA Residential RSL of 0.39 
mg/kg in all of the parcels.  However, most of the average concentrations are either consistent 
with or approximately one order of magnitude greater than the average background concentration 
for Background Soil Type 1, which is 48 mg/kg.   

Lead maximum concentrations in soil exceeded the EPA Residential RSL of 400 mg/kg in 17 of 
the 65 parcels.  Most of the average lead concentrations are either consistent with or one order of 
magnitude greater than the average background concentration for Background Soil Type 1, 
which is 44 mg/kg.  The maximum concentration of 18,100 mg/kg in Off-site Soil Area 120 is 
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considered an outlier that is likely associated with lead-based paint residue.  Additional 
characterization of this parcel may be warranted to determine the source of lead.   

Parcels with concentrations greater than background concentrations suggest impacts from source 
areas at the Site.  These parcels should be evaluated for remedial alternatives.  Conversely, 
concentrations at or near background concentrations indicates that a parcel is not likely impacted 
by the Site. 

The 65 parcels in the Off-site Soil AOI include 17 residential parcels that were sampled in 2005 
as part of the EPA Removal Assessment, 45 residential parcels that were sampled in 2008 and 
2009, and the Humboldt Elementary School playground (3 parcels).  Of the 65 parcels sampled:  

• 24 parcels have average arsenic concentrations greater than the Background Soil Type 1 
average concentration of 48 mg/kg. 
  

• 44 parcels have average lead concentrations greater than the Background Soil Type 1 
average concentration of 44 mg/kg. 

In addition, the near surface soils (i.e., 0 to 2 inches bgs) of these parcels are impacted to a 
higher degree than the deeper surface soils (e.g., 10 to 12 inches bgs).  This can be observed by a 
comparison of the near surface soil sample concentrations (i.e., 0 to 2 inches bgs) to the deeper 
surface soil sample concentrations (e.g., 10 to 12 inches bgs) in Figures 5-46 through 5-51.  Most 
of the subsurface soil samples have concentrations near or below average background values of 
48 mg/kg for arsenic and 44 mg/kg for lead in Background Soil Type 1. 

It should be noted that the parcels with elevated arsenic and lead concentrations were located in 
close proximity to the Iron King Mine and Humboldt Smelter AOIs, or the Middle Chaparral 
Gulch (see Figures 5-46 through 5-51).  Based on existing data, yards further away from the Iron 
King Mine and Humboldt Smelter Areas of Interest are much less likely to be impacted from 
particulate migration or surface water transport.  Conversely, yards closer to the Iron King Mine 
or Humboldt Smelter Areas of Interest have a higher probability of being impacted.   

The full extent of residential impacts has not been determined as many parcels have not yet been 
sampled.  Additional parcels near the Chaparral Gulch or downwind of the Iron King Mine or 
Humboldt Smelter AOIs may be impacted by air particulate migration or surface water transport.  
Therefore, additional soil sampling of parcels in the vicinity of these areas will assist EPA in 
fully evaluating the impacts to residential and public areas. 

5.5.1.2 Migration Pathways 

Source material may have impacted the Off-site Soil AOI via the following migration pathways.   

• Air Particulate Migration – Most of the surface soil is this region is devoid of 
vegetation, so it is subject to particulate migration.  Moderate to high wind events that 
occur throughout the year carry fine-grained materials and particulates to the Off-site Soil 
AOI.    
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• Surface Water Transport – Most of the surface soil in this region has sparse vegetative 
cover so it is subject to storm water migration, which may carry impacted materials to the 
Off-site Soil AOI.   

The ambient air data indicates that particulates with elevated concentrations of COPCs (e.g., 
lead) migrate from the Iron King Mine and Humboldt Smelter AOIs to the residential and public 
areas.  Because the near surface soils (i.e., 0 to 2 inches bgs) of these parcels are impacted to a 
higher degree than the deeper soils (e.g., 10 to 12 inches bgs), this information demonstrates that 
the Iron King Mine and Humboldt Smelter AOIs are sources for particulates that migrate via 
ambient air and are transported via surface water runoff to residential and public areas.  

5.5.1.3 Source 

Arsenic and lead concentrations in surface soil are elevated on properties adjacent to the 
Chaparral Gulch or downwind of the Iron King Mine and Humboldt Smelter AOIs.  These areas 
are not considered source areas because they do not pose a significant source of contamination to 
other media or properties.  Nevertheless, residential soils are impacted by source materials, 
including ash and/or tailings.  The Off-site Soil AOI is impacted via the air particulate migration 
and surface water transport migration pathways from the Iron King Mine and Humboldt Smelter 
AOIs.  Generally speaking, the further the parcel is from these source areas, the less likely it is 
that it will be impacted by contamination.  

5.5.2 Background Areas 

The background areas evaluation included three surface soil types (i.e., Background Soil Type 1 
through 3) that were sampled during the EPA RI field investigation, two groups of background 
soil samples that were collected during previous investigations (i.e., Background H1 and H2), 
and bedrock samples that were collected to evaluate the native material at the Site (see Figures 5-
52 and 5-53).  These data were used to evaluate Site contributions to exposure areas.   

The Background Soil Type 1 through 3 areas were from the Balon gravelly sandy clay loam 
(BgD), the Moano gravelly loam (MgD), and the Moano very rocky loam (MkF), which 
encompass approximately 70 percent of the surface area in the immediate vicinity of the Site.  
More importantly, the BgD map unit is interpreted as being the dominant soil type at the Iron 
King Mine, Humboldt Smelter, and Off-site Soil AOIs.   

5.5.2.1 Nature and Extent of Concentrations 

A summary of the surface soil background datasets are provided in Tables 5-129 through 5-135.  
Arsenic and lead concentration data are presented for background samples in Figures 5-52 and 
5-53.  Arsenic and lead mean concentrations are presented below as a basis for data comparisons. 

• Background Soil Type 1 – Maximum = 96 mg/kg / Mean = 48 mg/kg / BTV = 91 mg/kg 

Arsenic  

• Background Soil Type 2 – Maximum = 23 mg/kg / Mean = 13 mg/kg / BTV = 26 mg/kg 
• Background Soil Type 3 – Maximum = 19 mg/kg / Mean = 12 mg/kg / BTV = 18 mg/kg 
• Average Background Soil Type 1 through 3 – Maximum = 96 mg/kg / Mean = 22 mg/kg 
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• Off-site Soil Background H1 – Maximum = 57 mg/kg / Mean = 23 mg/kg 
• Off-site Soil Background H2 – Maximum = 120 mg/kg / Mean = 36 mg/kg 
• Background Bedrock Samples – Maximum = 316 mg/kg / Mean = 137 mg/kg  

• Background Soil Type 1 – Maximum = 83 mg/kg / Mean = 44 mg/kg / BTV = 79 mg/kg 

Lead  

• Background Soil Type 2 – Maximum = 18 mg/kg / Mean = 10 mg/kg / BTV = 19 mg/kg 
• Background Soil Type 3 – Maximum = 23 mg/kg / Mean = 13 mg/kg / BTV = 20 mg/kg 
• Average Background Soil Type 1 through 3 – Maximum = 83 mg/kg / Mean = 21 mg/kg 
• Off-site Soil Background H1 – Maximum = 48 mg/kg / Mean = 14 mg/kg 
• Off-site Soil Background H2 – Maximum = 91 mg/kg / Mean = 26 mg/kg 
• Background Bedrock Samples – Maximum = 504 mg/kg / Mean = 128 mg/kg  

Arsenic maximum concentrations in soil for all of the areas exceed the EPA Residential RSL of 
0.39 mg/kg.  Only bedrock sample IKJ-548 exceeds the EPA Residential RSL of 400 mg/kg. 

The Background H1 samples were collected in a former Iron King Mine storm water migration 
pathway (see Aerial Photographic Analysis of Iron King Mine/Humboldt Smelter Superfund Site 
[EPA 2008a] in Appendix A-1), so these samples should be evaluated with some uncertainty.  
Similarly, the Background H2 samples were collected downwind of the Iron King Mine.  It is 
likely that the elevated concentrations of metals in these two areas have some anthropogenic 
contributions of metals from Iron King Mine migration pathways. 

As observed above, the arsenic and lead concentrations in Background Soil Type 1 (i.e., from the 
Balon gravelly sandy clay loam [BgD]) are higher than in the other two background soil types 
(i.e., Moano gravelly loam [MgD] and the Moano very rocky loam [MkF]).  However, arsenic 
and lead concentrations in these soil samples are less than those found in native rock in the area 
(see BKG-320 and IKJ-548 on Figures 5-52 and 5-53.  This demonstrates that the native material 
in this area contains minerals (e.g., arsenopyrite) that have elevated concentrations of metals.  
The range of arsenic and lead concentrations in rock and soil demonstrates that there is a great 
variability in concentrations in the native material of this area.  Because background 
contributions are important to the overall discussion of risk estimates and risk management for 
the Site, additional background soil characterization may be necessary to evaluate the impacts 
from the Site.   

Although the Background Soil Type 3 samples were analyzed for dioxins/furans because of their 
proximity to the Humboldt Smelter AOI, only a single congener (i.e., OCDD) was detected in 
the background samples (see Table 5-132).  Due to the lack of dioxins/furans in background 
samples, a quantitative comparison of Site concentrations to background would have a high 
degree of uncertainty.  Nevertheless, if a Site sample has a detection of more than just the OCDD 
congener, it can be considered greater than background on a qualitative basis.   

5.5.2.2 Migration Pathways 

These materials are subject to the following migration pathways.   
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• Air Particulate Migration – Most of the surface soil is this region is devoid of 
vegetation so it is subject to particulate migration.  Moderate to high wind events that 
occur throughout the year carry fine-grained materials and particulates to adjacent 
properties.    
 

• Surface Water Transport – Most of the surface soil in this region has sparse vegetative 
cover so it is subject to storm water migration, which may carry impacted materials to 
adjacent properties.   

5.5.2.3 Source 

Background areas that represent native material are not considered source areas. 

5.6 GROUND WATER AOI 

The Ground Water AOI includes both the shallow alluvium and deep bedrock ground water.  
Limited information was acquired regarding the well construction information of the existing 
residential wells that were sampled as part of the EPA RI field investigation.  Due to a lack of 
definitive information regarding almost all of the wells that were sampled (e.g., well 
construction, screened interval, etc.) both the shallow alluvial and deep bedrock evaluations are 
presented on the same figures.  In most instances, the well location is the sample identifier given 
to the well as opposed to the well number owing to the incompleteness of well records for this 
area.   

Five monitoring wells were completed in the shallow water-bearing zone; the depth to water in 
these wells ranged between 22 and 45 feet.  An exception to this was MW-01-S that was 
constructed very near the slag bluffs overlooking the Aqua Fria, where the ground water was 
encountered at a depth of approximately 95 feet; this closely corresponds with the surface 
elevation of the Aqua Fria.  With the exception of well MW-01S, all of the shallow wells were 
completed in unconsolidated sediments.  Well MW-01S was completed in a unit described as 
basalts of the Tertiary Hinkley Formation.   

Figure 5-54 presents the potentiometric surface for the shallow aquifer.  This water bearing zone 
has a steep hydraulic gradient, with a calculated gradient of 0.027 ft/ft.  Because of the spacing 
of the wells with information regarding elevation, depth to water, and construction details of 
residential wells is limited, the potentiometric surface for the shallow aquifer is quite narrow and 
contains a moderate level of uncertainty.  Nevertheless, the general direction of ground water 
flow is from west to east.  Ground water flows from the Iron King Mine AOI into residential 
neighborhoods to the east.  Also, ground water at the Humboldt Smelter flows either towards the 
Aqua Fria or the Chaparral Gulch.  

A potentiometric surface map was not constructed for the bedrock aquifer owing to the lack of 
data regarding well construction details.  Because of this, it is not possible to determine the 
direction of ground water flow or the direction of the vertical gradients for the bedrock aquifer. 
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5.6.1 Data Presentation 

Summaries of the unfiltered (total) and filtered (dissolved) ground water dataset are provided in 
Tables 5-137 and 5-138.  Ground water samples were analyzed for total and dissolved metals and 
cyanide.  Some wells were also analyzed for sulfate and TDS.  Unfiltered (total) sample results 
for sulfate, TDS, chloride, arsenic, and lead data are presented in Figures 5-55 through 5-59. 

The following ground water samples comprise the dataset: 

• Ground water samples were collected from two Humboldt Water Company supply wells 
(i.e., GW-999951 and GW-999952).  These wells supply water to some residents in the 
vicinity of the Site.  The Humboldt Water Company supply wells samples were collected 
from a tap nearest the pump. 
 

• Dozens of private wells that supply water to residents in the vicinity of the Site.  The 
residential tap samples were collected from a tap nearest the pump. 
 

• Sample location GW-999954 refers to Old Mine Shaft No. 7, which is a PVC casing that 
was placed in an old mine shaft with a depth of over 3,000 ft bgs.  The Old Mine Shaft 
No. 7 was sampled from a tap nearest the pump.  The Cistern contains water that was 
pumped from Old Mine Shaft No. 7 and was sampled while the Old Mine Shaft No. 7 
pump was inoperable. 
 

• MW-03-S, MW-04-S, and MW-05-S are all completed to depths of less than 60 ft bgs 
and were constructed to intercept the shallow ground water within the tailings.  These 
wells were sampled using low-flow sampling techniques via a Grundfos pump.     
 

• At the Humboldt Smelter, monitoring well MW-01-S was completed in basalts within the 
Hickey Formation and represents the shallowest ground water entering the Aqua Fria.  
Monitoring well MW-02-S is completed in the shallow aquifer immediately west of the 
Humboldt Smelter Tailings Pile.    A historic ground water well in the Humboldt Smelter 
AOI (i.e., GW-999948) reportedly extends over 200 ft bgs.  These wells were sampled 
using low-flow sampling techniques via a Grundfos pump. 
  

• Monitoring well MW-06-D at the Iron King Mine is a bedrock well that was completed 
to a depth of approximately 350 ft bgs.  This sample was collected using low-flow 
sampling techniques via a bladder pump with a nitrogen purge.   

Although samples were collected from all of these locations, it is not appropriate to compare 
water from different water-bearing zones because a connection has not been identified. 

In this evaluation, arsenic and lead were compared to their MCLs of 10 µg/L and 15 µg/L 
respectively.  MCLs have not been promulgated for sulfate, chloride, and TDS.  Therefore, 
ground water concentrations were compared to the NSDWS for sulfate and chloride of 
250,000 µg/L, and 500,000 µg/L for TDS.     
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5.6.2 Nature and Extent of Contamination 

The migration of metals in ground water is largely limited by the metals solubility.  As such, 
large plumes of dissolved-phase arsenic or lead are unusual in neutral pH conditions.  However, 
elevated dissolved sulfate, chloride, and TDS can be associated with ionic dissociation processes 
that occur as concentrated mine tailings or ore are in contact with water and oxygen.  

5.6.2.1 Sulfate 

The distribution of sulfate in ground water is presented on Figure 5-55.  The highest 
concentration of sulfate detected in a shallow well was 2,000,000 µg/L in well MW-05-S.  The 
sulfate concentration in well MW-04-S was also quite similar at 1,900,000 µg/L.  In addition, 
one residential well (i.e., GW-999945) and well MW-03-S both had concentrations in excess of 
twice the NSDWS of 250,000 µg/L. 

The presence of soluble metal ions (e.g., sulfate) to solution may be from an anthropogenic 
mineral substrate (e.g., tailings) or from a natural geologic feature (e.g., ore) that is high in 
sulfate.  Although both mechanisms are likely occurring at various degrees throughout the Iron 
King Mine AOI, there is little doubt that the sulfate in ground water is at least exacerbated if not 
wholly attributable to historic mining processes (i.e., contact with mine adit material or tailings 
material).  It should be noted that laboratory analysis of the tailings material from the Iron King 
Mine Main Tailings Pile has verified the potential for AMD due to the high sulfide content and 
low neutralization capacity of the material. 

Because the Old Mine Shaft No. 7 well is completed in a mine adit, there is a high likelihood that 
the sulfate is generated as a result of the long residency time of ground water in near proximity 
of ore deposits or residual mine material.  Sulfate concentrations in the Cistern are as expected 
given its function a holding tank for ground water from the Old Mine Shaft No. 7 well.  The 
distribution of elevated sulfate concentrations in MW-04-S, MW-05-S, and the sampling 
locations downgradient to the east, which decrease with distance from the Iron King Mine AOI, 
provides evidence that the source(s) for sulfate in ground water are within the Iron King Mine 
AOI.  Although the sulfate extends from the Iron King Mine AOI to the east (see Figure 5-55), 
the full extent of sulfate impacts to ground water has not been delineated.  Therefore, additional 
ground water investigation may be warranted fully characterize the impacts to ground water.    

Sulfate in excess of the NSDWS was also detected in well MW-01-S at the Humboldt Smelter.  
This suggests that a second source of sulfate enriched water is leaching to ground water or there 
is a natural geologic feature that is high in sulfate, which is evaluated in context with TDS 
below.   

5.6.2.2 Total Dissolved Solids 

The distribution of TDS in ground water is presented on Figure 5-56.  TDS includes free sulfate, 
sodium, calcium, chlorine, and other cations.  As would be expected, the distribution of elevated 
TDS concentrations is similar to sulfate at the Iron King Mine AOI.  

Elevated TDS concentrations reported north of the Humboldt Smelter (i.e., at locations 
GW-999947, GW-999949, and GW-999953) are greater than those in wells SW-08 and GW-
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999945, which are downgradient of the Iron King Mine AOI.  This suggests that the condition at 
the Humboldt Smelter AOI is unrelated to the Iron King Mine AOI.  In addition, the TDS 
concentrations in the vicinity of Humboldt Smelter (i.e., MW-01-S and the wells to the north) 
have a reported sulfate concentration that is less than 20 percent of the total TDS.  However, the 
wells at the Iron King Mine and downgradient across Highway 69 to include MW-02-S have 
sulfate concentrations that range from 40 to 60 percent of the TDS.  This suggests that various 
areas of the Site are affected by different geochemical reactions.   

Ground water in the vicinity of Humboldt Smelter (i.e., MW-01-S and the wells to the north) 
with reported sulfate concentrations less than 20 percent of the TDS have chloride as the 
dominant anion as opposed to sulfate (see Figure 5-57).  Chloride exceeds its NSDWS of 
250,000 µg/L in MW-01-S, GW-999947, and GW-999953 in decreasing concentrations toward 
the north of 3,600,000 µg/L, 1,000,000 µg/L, and 640,000 µg/L, respectively.  The source of 
chloride is likely from a natural geologic feature (i.e., alkali basalt) that is high in chloride, 
sodium, and potassium; monitoring well MW-01-S was completed in basalts of the Tertiary 
Hinkley Formation.  This is supported by chloride, sodium, and potassium ground water 
concentrations that are almost an order of magnitude greater in MW-01-S than in wells outside 
the chloride plume on Figure 5-57.   Although the chloride in ground water is likely due to a 
natural geologic feature, it is possible that it could be related to historic smelting operations.  
During smelting operations, chlorination is commonly used to decompose spent cyanide in 
precious metals leaching operation; it is also used for oxidizing metal sulfides.   

The chloride concentration at monitoring well GW-999948 within the Humboldt Smelter AOI is 
inconsistent with surrounding monitoring wells; this is likely attributed to the fact that it extends 
approximately 100-feet deeper than either monitoring well MW-01-S or MW-02-S.  Well 
completion information is unknown for this well since it was drilled by a landowner prior to the 
EPA RI.    

Although the TDS (dominated by sulfate) extends from the Iron King Mine AOI to the east and 
TDS (dominated by chloride) extends from the Humboldt Smelter AOI to the north, the full 
extent of these impacts to ground water has not been delineated.  Therefore, additional ground 
water investigation may be warranted fully characterize the impacts to ground water. 

5.6.2.3 Arsenic 

The distribution of arsenic in ground water is presented on Figure 5-58.  The distribution of 
arsenic is decidedly different than either sulfate or TDS.   

The maximum concentration reported was 1,040 µg/L in the Old Mine Shaft No. 7 well; this is to 
be expected given that residual mine spoils, which have elevated concentrations of arsenic, are in 
direct contact with the ground water. Because the Old Mine Shaft No. 7 well is completed in a 
mine adit, there is a high likelihood that the arsenic is generated as a result of the long residency 
time of ground water in near proximity of ore deposits or residual mine material.  This elevated 
concentration of arsenic appears to be a localized condition because that neighboring wells do 
not exhibit arsenic in ground water of this magnitude.      
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At the Humboldt Smelter AOI, arsenic is more than twenty times the MCL at location 
GW-999948, with a reported value of 290 µg/L.  This may be attributed to the fact that it extends 
approximately 100-feet deeper than either monitoring well MW-01-S or MW-02-S.  However, it 
should be noted that monitoring well MW-01-S had an arsenic concentration of 17.8 µg/L, which 
is greater than the MCL.  Arsenic was also detected at more than twice the MCL at sample 
location GW-551459 and bedrock well MW-06-D.  However, all of the wells with MCL 
exceedances were not congruent and likely contain arsenic due to the proximity to a formation 
that contains elevated arsenic concentrations. 

The arsenic concentrations in ground water from the two monitoring wells installed in the Main 
Tailings Pile (i.e., MW-04-S and MW-05-S) as well as the one at the base of the Main Tailings 
Pile (i.e., MW-03-S) have consistently demonstrated arsenic concentrations below the MCL of 
10 µg/L, but with elevated sulfate and TDS concentrations.  In general, elevated dissolved 
arsenic in ground water is limited to close proximity to source areas.  However, arsenic generally 
does not remain in solution above the MCL in samples collected immediately downgradient of 
source areas because near neutral pH limits dissolved-phase arsenic mobility in these wells. 
Therefore, arsenic generally is not mobile and does not migrate significantly in Site ground 
water.  

Two ground water samples were collected from the Humboldt Water Company supply wells 
(i.e., GW-999951 and GW-999952).  These wells supply water to some residents in the vicinity 
of the Site.  Arsenic concentrations from one of the wells had a concentration of 17.3 µg/L, 
which is greater than the MCL (see Figure 5-58).  According to the Humboldt Water Company, 
the water from these two wells is blended prior to entering the water distribution system and 
serves approximately 10% of the Dewey-Humboldt residents.  The remaining residences obtain 
water from private wells.   

EPA sampled 64 private wells in the Dewey-Humboldt area.  Approximately 40% of these wells 
have concentrations of arsenic above the MCL.  However, the distribution of wells that have 
arsenic exceedances is not related to proximity to the Site.  Some of the private wells that have 
arsenic exceedances are located upgradient, cross-gradient, or miles away from the Site and are 
not impacted by Site contamination.  These exceedances are attributable to elevated levels of 
naturally occurring arsenic in subsurface geologic formations.   

For example, the Old Mine Shaft No. 7 well, with an arsenic concentration of 1,040 µg/L, is 
attributable to mining activities as it was completed in a mine adit (see Figure 5-58).  Wells that 
surround the Old Mine Shaft No. 7 are either below the MCL or have concentrations (e.g., 20.6 
µg/L at GW-551459) that are similar to wells miles away from or cross-gradient to the Site (e.g., 
23.4 µg/L at GW-999939).  Although, well GW-9999948 at the Humboldt Smelter AOI has an 
arsenic concentration of 290 µg/L, it is surrounded by wells with concentrations similar to wells 
miles away from or cross-gradient from the Humboldt Smelter AOI.  These examples 
demonstrate that arsenic impacts to ground water are localized to the Iron King Mine and 
Humboldt Smelter AOIs.  Also, elevated levels of arsenic outside the Iron King Mine and 
Humboldt Smelter AOIs are due to naturally occurring subsurface geologic formations, but are 
not related to historic Site activities.    
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The Site is located in the Prescott Active Management Area, one of Arizona’s 51 ground water 
basins.  Of these basins, 29 have been sampled by ADEQ over the past 15 years.  In 83 percent 
of the wells sampled, arsenic was not detected above 5 ppb; however, most of the wells in the 
remaining 17 percent had arsenic levels above the drinking water standard of 10 ppb.  In some 
private wells, arsenic levels above 2,000 ppb were detected, and 28 of the 705 wells sampled had 
arsenic concentrations above 50 ppb (University of Arizona, 2008b).  The prevalence of drinking 
water standard exceendences is a result of Arizona’s geology, where it is common for 
hydrothermal sulfide mineralization to incorporate and concentrate arsenic into sulfide minerals, 
creating arsenic-containing minerals such as arsenopyrite, realgar, and enargite (Spencer, 2000).  
The geologic formations that are notable for high arsenic concentrations include granite bedrock 
that contains gold ore and sedimentary formations such as the Supai Sandstone and Verde 
Alluvium formations (University of Arizona, 2009).  If these arsenic-containing minerals come 
into contact with changing ground water conditions, the arsenic can often dissolve and enter the 
mobile phase (University of Arizona, 2008c). 

Native Arsenic in Ar izona Groundwater  

Arsenic concentrations greater than the MCL that are not within the Iron King Mine and 
Humboldt Smelter AOIs are due to contact with natural geologic formations.  The variability and 
magnitude of arsenic concentrations in the vicinity of the Site (e.g. in private wells) are similar to 
those throughout Arizona. 

5.6.2.4 Lead 

The distribution of lead in ground water is presented on Figure 5-59.  Lead was only detected at 
a concentration more than twice the MCL (15 µg/L) at two locations.  The lead concentration in 
the Old Mine Shaft No. 7 well had a concentration of 41 µg/L; this is to be expected given that 
residual mine spoils, which have elevated concentrations of lead, are in direct contact with the 
ground water.  The lead concentration at location GW-999953 was 49.8 µg/L, which is likely 
due to lead pipes, but warrants further investigation.  Lead generally does not remain in solution 
above the MCL in samples because near neutral pH limits dissolved-phase lead mobility.  
Therefore, lead generally is not mobile and does not migrate significantly in Site ground water.   

5.6.3 Migration Pathways 

At the Iron King Mine AOI, sulfate, TDS, arsenic, and lead are present at concentrations in 
excess of twice their respective standards (i.e., MCLs or NSDWS), which are in proximity to 
source areas.  The distribution of both sulfate and TDS are reflective of localized geochemical 
conditions that favor oxidation of sulfides and dissolution of other cations.  The release of 
soluble metal ions (e.g., sulfate) to solution may be from an anthropogenic mineral substrate 
(e.g., tailings) or from a natural geologic feature (e.g., ore) that is high in sulfate.   

High TDS concentrations, which are commonly in the form of dissociated calcium and sulfate 
ions, are associated with the elevated sulfate concentrations.  As would be expected, wells with 
high sulfate concentrations also have elevated TDS. 

It has been demonstrated through laboratory analysis of tailings material from the Iron King 
Mine Main Tailings Pile that, under the right geochemical conditions, AMD will be generated.  
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Elevated sulfate and TDS are also associated with AMD.  However, it is apparent that elevated 
dissolved metals (e.g., arsenic) in ground water related to AMD are restricted to near source 
areas (e.g., Old Mine Shaft No. 7).  This indicates that dissolved metals do not travel far, thus 
metals mobility is not a major concern.  Elevated concentrations of arsenic and lead in ground 
water at the Site are localized, which is expected given the low mobility of these metals under 
neutral pH conditions.  As indicated by results from two groundwater sampling events, metals 
have not migrated significantly downgradient from the source areas and it is not likely that these 
metals will migrate significantly in the future. 

Wells to the north of the Humboldt Smelter with elevated TDS concentrations, but without the 
same high concentrations of sulfate, are reflective of a separate chloride plume.  The chloride 
may be due to a natural geologic feature or may be due to historic smelting operations.  During 
smelting operations, chlorination is commonly used to decompose spent cyanide in precious 
metals leaching operation; it is also used for oxidizing metal sulfides.   

Impacted ground water may migrate to surface water at the Chaparral Gulch or Agua Fria River. 
However, this phenomenon is not considered a significant source of surface water to the area.  In 
addition, monitoring well MW-06-D was installed to monitor migration of contaminants from 
the Iron King Mine Glory Hole to the underlying ground water.  This monitoring well was 
considered unimpacted, so there is not any evidence that the Iron King Mine Glory Hole is 
impacting ground water at this time. 

5.7 AMBIENT AIR 

Ambient air samples were collected from four areas of the Site to evaluate the nature, extent, and 
migration of particulates from the Iron King Mine and Humboldt Smelter (see Figure 5-60).  Air 
samplers were placed at the Iron King Mine, Humboldt Smelter, in the Town of Dewey-
Humboldt, and at background locations.  Ambient air samples were analyzed for TSP, PM-10, 
and inorganics.  TSP data measures the total amount of matter in the air (i.e., all dust particles).  
PM-10 data measures the concentration of particulates in the air that may enter the lungs.  

5.7.1 Nature and Extent of Contamination 

Summaries of ambient air data from the Iron King Mine, Humboldt Smelter, Town of Dewey-
Humboldt, background, and Site (i.e., all four locations) are provided in Tables 5-138 through 5-
142; the data were combined for the Site (i.e., all four locations) to estimate exposure to 
receptors in the HHRA.   

5.7.1.1 Nature of Contamination 

Summaries of ambient air data from the Iron King Mine, Humboldt Smelter, Town of Dewey-
Humboldt, and background locations are provided in Tables 5-138 through 5-142.   

The screening levels used for ambient air are EPA RSLs for Residential Air (EPA 2009b) except 
for lead, TSP, and PM-10, which are NAAQS (EPA 2009d).  The screening level for TSP is the 
24-hour standard NAAQS for PM-10.  The screening level for lead is the NAAQS for a rolling 
3-month average.  In addition, data were compared to Health-Based Guidelines for Acute (i.e., 
Shorterm) Exposure (see Tables 5-138 through 5-142).   
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Arsenic, cadmium, chromium, and nickel exceeded their respective EPA Residential RSLs at all 
four sampling locations (see Tables 5-138 through 5-141).  In addition, beryllium exceeded its 
EPA Residential RSL at the Background location, the Humboldt Smelter, and the Humboldt In-
town location.  Aluminum exceeded its EPA Residential RSL at the Background location and the 
Humboldt Smelter.   

Chromium concentrations in ambient air are significantly greater than EPA Residential RSLs at 
all four sampling locations (see Tables 5-138 through 5-141).  Concentrations do not vary 
significantly; the average concentrations ranged from 0.028 µg/m3 at the Background Location to 
0.048 µg/m3 at the Iron King Mine.  This suggests that there is a regional contribution of 
chromium that is not attributable to either the Iron King Mine or Humboldt Smelter source areas. 

Lead exceeded its screening level (i.e., NAAQS) at the Humboldt Smelter (see Table 5-140).  
Similarly, the 24-hour NAAQS for PM-10 (i.e., 150 µg/m3) was exceeded at the Humboldt 
Smelter.  The highest PM-10 concentration was 155 µg/m3.  The highest PM-10 concentration at 
the Iron King Mine was 77 µg/m3, followed by 129 µg/m3 for the Humboldt In-town location 
and 37 µg/m3 at the Background location. 

It should be noted that none of the maximum concentrations in the air samples exceeded the 
Health-Based Guidelines for Acute (i.e., Shorterm) Exposure (see Tables 5-138 – 5-142). 

5.7.1.2 Extent of Contamination 

The TEOMs stationed at the Iron King Mine, Humboldt Smelter, and Humboldt In-Town 
collected PM-10 concentration data every second and recorded concentrations every 15-minutes.  
In addition, a 1-hour and 24-hour running average was recorded to provide an average 
concentration for that particular period of time (i.e., 1-hour or 24-hours).  These data points were 
then plotted in conjunction with wind-speed data and presented with the PQ100 air sampling 
intervals in Appendix F.  The daily moving average and weekly moving average of the 1-hour 
average mass concentration were then plotted in conjunction with the daily moving average wind 
speed in Figures 5-61 through 5-63. 

The TEOM PM-10 concentrations in ambient air exhibit great variability over short periods of 
time, especially in March and early April; these are also known as peak events.  These peak 
events tend to correlate with peak wind speeds.  Typically, these peak events are of short-
duration (e.g., 4 to 8 hours), but more frequent during March and April.  Although the PM-10 
concentrations are elevated in May, there are very few peak events.  In June, PM-10 
concentrations are lower, on average.  However, in July and August, PM-10 concentrations 
increase and peak events became more frequent; this is likely associated with monsoon season 
thunder storms. 

Very high TEOM PM-10 concentrations (e.g., 580 µg/m3 at Iron King Mine and 6,900 µg/m3 at 
the Humboldt Smelter) are indicators that migration of particulates is occurring (see Figures 5-61 
and 5-62).  The peak at Humboldt Smelter should be viewed with some uncertainty because 
measurements of this magnitude are outside its calibration range.  Therefore, although the graph 
suggests an exceedance of the NAAQS of 150 µg/m3 for PM-10, which a 24-hour standard, this 
may not be the case because it was largely based on a peak event that is outside the instruments 
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calibration range.  It is interesting to note that the 22 March 2009 peak event at Humboldt 
Smelter was documented by a local citizen (see photograph 14 in Appendix E).  A comparison of 
Figures 5-61 through 5-63 demonstrates that the magnitude of the peak PM-10 concentrations is 
higher at the Humboldt Smelter than at the Iron King Mine or Humboldt In-town stations.  This 
could be due to localized wind patterns or an especially susceptible substrate (i.e., ash) or a 
combination thereof.  The Iron King Mine and Humboldt In-town stations had similar PM-10 
concentrations, except in May, when the Humboldt In-town station had higher PM-10 
concentrations on average. 

Two channels were used in the TEOM sampling stations, the first channel was triggered to 
collect samples, when the ambient air particulate concentration was between 25 and 150 µg/m3.  
The lower limit was chosen because it was the lowest concentration that could be reliable 
measured.  The upper limit was chosen because it is the NAAQS for PM-10.  Samples from the 
first channel were collected approximately once a week when the PQ100 samplers were serviced.  
The second channel was triggered to collect a sample when the NAAQS of 150 µg/m3 for PM-10 
was exceeded.  Because this NAAQS was rarely exceeded for more than a few minutes at a time, 
a single sample from this channel was collected at the conclusion of the air sampling program.  A 
comparison of the sampling results is provided below: 

Humboldt In-Town Station 

• PM-10 – Average from Channel 1 = 13.2 µg/m3 and Channel 2 = 65.8 µg/m3 
• Arsenic – Average from Channel 1 = 0.00070 µg/m3 and Channel 2 = 0.0012 µg/m3 
• Lead – Average from Channel 1 = 0.0016 µg/m3 and Channel 2 = 0.0053 µg/m3 

Iron King Mine Station 

• PM-10 – Average from Channel 1 = 17.2 µg/m3 and Channel 2 = 76.7 µg/m3 
• Arsenic – Average from Channel 1 = 0.0010 µg/m3 and Channel 2 = 0.012 µg/m3 
• Lead – Average from Channel 1 = 0.0029 µg/m3 and Channel 2 = 0.012 µg/m3 

Humboldt Smelter Station 

• PM-10 – Average from Channel 1 = 17.2 µg/m3 and Channel 2 = 155 µg/m3 
• Arsenic – Average from Channel 1 = 0.00074 µg/m3 and Channel 2 = 0.0065 µg/m3 
• Lead – Average from Channel 1 = 0.0022 µg/m3 and Channel 2 = 0.080 µg/m3 

An analysis of the TEOM data indicate that ambient air concentrations during high wind events 
(see Channel 2) are approximately an order of magnitude greater than those on average (see 
Channel 1).  Consistent with the other ambient air data, lead concentrations from the Humboldt 
Smelter are higher than any other station.  In addition, PM-10 concentrations at the Humboldt 
Smelter during high wind events (see Channel 2) exceeded the NAAQS of 150 µg/m3.  Finally, 
arsenic concentrations from high wind events (see Channel 2) at the Iron King Mine were an 
order of magnitude greater than the other two stations during high wind events (see Channel 2 
results). 
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These observations were supported by the PM-10 and TSP data obtained from the 24-hour 
PQ100 samples and the samples collected by the TEOM’s ACCU system (see Figures 5-64 
through 5-65).  The TSP data received from the four data groups were averaged by month in 
Figure 5-64.  This graph demonstrates that there is a seasonal component to TSP concentrations 
in that concentrations tend to be higher in May and August.  This is consistent with the TEOM 
PM-10 data.  However, Figure 5-65 tends to demonstrate that March and early April are 
relatively mild and have low particulate loads; this was contrary to the conclusions derived from 
the TEOM data (discussed in the previous paragraph).  A closer inspection of the data in 
Appendix F demonstrates that the peak wind events in March and early April occurred when the 
PQ100 samplers were not collecting samples; note that they collect 24-hour samples every sixth 
day.  Therefore, in the absence of the TEOM data, these peak wind events, although certainly 
anecdotal, would not have been adequately documented.   

The average and maximum TSP and PM-10 concentrations were then presented for the samples 
collected during the EPA RI field investigation (see Figure 5-66).  This figure demonstrates that 
the TSP concentrations at the Humboldt In-town, Humboldt Smelter, and Iron King Mine 
sampling stations were similar on average.  However, all three sampling stations had TSP 
concentrations higher than the Background station, on average.  This is likely due to a 
combination of anthropogenic activities (e.g., driving on dirt roads) and the lack of vegetative 
cover near all three locations (e.g., dirt parking lot near the Humboldt In-town location, the ash 
piles near the Humboldt Smelter, or the tailings material near the Iron King Mine Main location).  
This difference becomes less apparent for the PM-10 concentrations, suggesting some regional 
baseline of PM-10 in ambient air.  The TSP and PM-10 maximum concentrations on Figure 5-66 
demonstrate that the Humboldt Smelter, Iron King Mine, and Humboldt In-Town maximums are 
greater than background.  This supports the assertion that high wind events are leading to a 
migration of particulates from the two main source areas (i.e., the Iron King Mine and Humboldt 
Smelter AOIs).     

Arsenic and lead are the primary metals of concern at the Iron King Mine and Humboldt 
Smelter.  Therefore, the average and maximum concentrations in ambient air were plotted for 
each location (see Figure 5-67).  This figure readily demonstrates that arsenic in ambient air is 
over twice the background concentration at the Iron King Mine, which is likely due to its 
proximity to the Iron King Mine Main Tailings Pile.  It also demonstrates that lead in ambient air 
is over three times the background concentration at the Humboldt Smelter, which is likely due to 
its proximity to the Humboldt Smelter Ash Pile, and approximately twice the background 
concentration at the Iron King Mine.  A comparison of the maximum concentrations supports the 
assertion that the Iron King Mine and Humboldt Smelter AOIs are acting as sources for arsenic 
and lead migration to the Off-site Soil AOI during high wind events.  Finally, this figure also 
demonstrates that the Humboldt In-town concentrations of arsenic and lead are less than 
background on average; this means that the elevated PM-10 and TSP concentrations found at the 
Humboldt In-town location contain less arsenic and lead on average.  It also means that the 
arsenic and lead in airborne particulates did not migrate to the Humboldt In-Town station; 
otherwise, the Humboldt In-Town concentrations would resemble those of the source areas (i.e., 
Iron King Mine and Humboldt Smelter AOIs).  Nevertheless, the Iron King Mine and Humboldt 
Smelter AOIs are acting as sources for arsenic and lead migration to the Off-site Soil AOI during 
high wind events; although the distance of this migration is uncertain.   
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It should be noted that neither arsenic nor lead maximum concentrations exceeded the Health-
Based Guidelines for Acute (i.e., Shorterm) Exposure (see Tables 5-138 – 5-142 and Figure 5-
67). 

The average and maximum concentrations of aluminum, beryllium, cadmium, chromium, and 
nickel in ambient air were plotted for each of the four locations (see Figures 5-68 through 5-70).  
The following conclusions can be drawn from these data: 

• Aluminum concentrations in background data are much higher than in any other location.  
 

• Beryllium concentrations in Humboldt Smelter data are much higher than any other 
location. 
 

• Cadmium concentrations in Humboldt Smelter and Iron King Mine data are slightly 
higher than in the background location. 
 

• Chromium concentrations in Iron King Mine data are slightly higher than any other 
location. 
 

• Nickel concentrations in Humboldt Smelter and Iron King Mine data are slightly greater 
than the Background or Humboldt In-Town locations.  

It should be noted that none of the maximum aluminum, beryllium, cadmium, chromium, and 
nickel concentrations exceeded the Health-Based Guidelines for Acute (i.e., Shorterm) Exposure 
(see Tables 5-138 – 5-142 and Figures 5-68 through 5-70). 

5.7.2 Migration Pathways 

Air concentrations in the vicinity of the Site are affected by humidity, soil concentrations, 
topography, soil surface conditions, soil moisture content, wind speed, wind direction, and 
various other factors.  Therefore air concentrations had a high temporal aspect.  Generally, the 
wind direction in the vicinity of the Site (i.e., at the Iron King Mine station) was from the south-
southeast; however, the predominant wind direction was from the northwest during the winter 
months (see Figure 5-71).  Generally, air concentrations were highest during high wind events 
when the weather has been dry for extended periods of time and when soil particulate migration 
is greater; this typically occurred from March through May and then again in July and August 
but can vary from season to season.  Also, soil is generally not considered mobile because 
ground cover or vegetation often precludes migration.  However, most of the Iron King Mine and 
Humboldt Smelter AOIs are denuded and therefore subject to particulate migration.  Moderate to 
high wind events that occur throughout the year carry fine-grained materials and particulates 
(e.g., ash, tailings, or road dust) from these areas to other nearby properties (e.g., Off-site Soil 
AOI).   

The data evaluation conducted in the previous section detailed how the Iron King Mine and 
Humboldt Smelter AOIs are acting as sources for arsenic and lead migration to the Off-site Soil 
AOI during high wind events.   
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Ambient air in the vicinity of the Iron King Mine and Humboldt Smelter Areas of Interest have 
higher concentrations of arsenic and/or lead than the background station or Humboldt In-Town 
station near the Humboldt Elementary School; these elevated concentrations demonstrate that the 
Iron King Mine and Humboldt Smelter Areas of Interest are sources of contamination for 
downwind (e.g., residential) properties.  Although the limit of particulate migration is subject to 
uncertainty, arsenic and lead in residential yard surface soil near the Iron King Mine and 
Humboldt Smelter Areas of Interest are higher than further downwind (e.g., near the Humboldt 
Elementary School); the distribution of arsenic and lead in surface soil can be observed in 
Figures 5-46 through 5-51.  This is consistent with the information obtained from the Humboldt 
In-town air sampling station near the Humboldt Elementary School, which had concentrations of 
arsenic and lead similar to background (see Figure 5-67).  These lines of evidence demonstrate 
that although arsenic and/or lead particulate migration from the Iron King Mine and Humboldt 
Smelter Areas of Interest is occurring, the extent of air particulate migration is a few to several 
blocks from the source areas.  

5.7.3 Source 

Fine-grained materials (primarily tailings and ash) at the Iron King Mine and Humboldt Smelter 
are sources for ambient air.  Although ambient air itself is not source material, it does contain 
particulates from source material (i.e., from the Iron King Mine and Humboldt Smelter AOIs).  It 
is also one of the primary transport mechanisms for particulates to migrate and impact the Off-
site Soil AOI. 

5.8 ASBESTOS 

Building materials from the Humboldt Smelter Assay Laboratory and soil samples from the 
Humboldt Smelter and Iron King Mine AOIs were sampled to characterize the material for 
suspect asbestos-containing materials (see Table 5-143 and Figure 5-72). 

5.8.1 Nature of Contamination 

These analyses were performed using two different analytical techniques.  During the initial 
characterization phase of the EPA RI field investigation, building materials from the Assay 
Laboratory, soil near the smelter at the Humboldt Smelter, and soil from near and within the 
Glory Hole at Iron King Mine were analyzed by the EPA Region 9 Laboratory using Standard 
Operating Procedure (SOP) 490.  This SOP is based on the EPA Interim Method for the 
Determination of Asbestos in Bulk Insulation Materials but does not address the point counting 
or the X-ray powder diffraction techniques described in the EPA method.  This method provided 
either a positive or negative indication of the presence of asbestos.   

The results of this testing indicated that three locations/building materials contained asbestos (see 
Table 5-143 and Figure 5-72).  A sample collected from window caulking (i.e., HS-AS-5) tested 
positive for asbestos.  The other two locations were HS-AS-7 and HS-AS-8, which were soil 
samples collected from debris piles near the smelter.   

Because debris piles were associated with asbestos, EPA decided to sample additional debris 
piles during the subsequent data gaps portion of the EPA RI field investigation.  To provide a 
more quantitative measure of asbestos content, soil samples from these additional locations were 
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analyzed using California Air Resources Board Method 435.  The results of this testing indicated 
that soil from an additional location contained approximately 1% asbestos (see Table 5-143 and 
Figure 5-72).  This sample was collected from a debris pile containing bricks that was near a 
couple of old foundations (see sample collection information for sample HS-AS-17 in Appendix 
A-4).   

5.8.2 Extent of Contamination 

The presence of asbestos was associated with former buildings (i.e., Assay Laboratory) and 
debris piles at the Humboldt Smelter.  It is virtually impossible to sample and analyze all of the 
debris piles for the presence of asbestos.  Small pockets of asbestos containing material could 
exist in any of the piles.  Therefore, the extent of asbestos impacts is assumed to be the limits of 
the debris piles and the current/former buildings at the Humboldt Smelter AOI.  Asbestos does 
not travel far from its source; nevertheless, the soil immediately adjacent to or underneath the 
debris piles was assumed to contain asbestos.  

5.8.3 Migration Pathways 

Asbestos has impacted the debris piles and former buildings at the Humboldt Smelter AOI and is 
subject to the following migration pathways.   

• Air Particulate Migration – Asbestos has a low potential to migrate very short distances 
via the air particulate migration pathway.    
 

• Surface Water Transport – Although storm water may transport particulates during 
heavy rain events, this is not expected to a significant migration pathway. 
 

5.8.4 Low-level Threat Waste Source Volume 

Asbestos is a known carcinogen that has been demonstrated to cause deleterious effects even in 
small quantities.  Also, asbestos is mobile as it can be carried short distances via air particulate or 
surface water migration.  Because of its inherent toxicity, asbestos is considered a low-level 
threat waste. 

The low-level threat waste at the Humboldt Smelter is contained in building materials (e.g., 
Assay Laboratory or smelter) and in debris piles throughout the Site.  Based on these parameters, 
the source volume is 42,200 cy.  This was calculated using the following assumptions: 

• Impacted buildings (Assay Laboratory, Office, Underground Structure, Smelter, and 
Metal Shed): Four buildings/structures with a source volume of 1,000 cy and the Smelter 
with a source volume of 20,000 cy = 24,000 cy 
 

• Impacted debris piles: 40 piles that average 50-feet by 50-feet wide with an average 
height of 6 feet = 22,200 cy 

This volume estimate is based on averages and assumes that the debris piles do not extend bgs 
and that there are no additional building/structures beneath the debris piles.   
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5.9 CONCEPTUAL SITE MODEL 

The CSM presents a holistic view of the Site to provide a foundation for the remedial alternative 
evaluation and to support remedy selection.  It incorporates the Site’s surface features, potential 
source areas, nature and extent of contamination, contaminant migration pathways, and ancillary 
information as appropriate (see Table 5-144 and Figure 5-73).  

EPA identified five AOIs, which were further subdivided into individual exposure areas based on 
the historical use, presence of contaminants, potential reuse, regulatory differences, etc.  These 
five AOIs are discussed in context of the CSM below. 

5.9.1 Iron King Mine AOI 

The Iron King Mine AOI includes the Iron King Mine Proper Area, Iron King Mine Operations 
Area, Small Tailings Pile, Former Fertilizer Plant Area, and Salvage Yard. 

5.9.1.1 Iron King Mine Proper Area 

The Iron King Mine Proper Area is comprised of the Iron King Mine Main Tailings Pile, Iron 
King Mine Mine Plant, and associated impoundment/ponds. 

The Iron King Mine Main Tailings Pile is comprised of two tailings dams that are oriented from 
the south-southwest to the north-northeast.  Several impoundment/ponds are atop and at the base 
of the Main Tailings Pile and serve to retain storm water flow within and around the structure. 

Iron King Mine Main Tailings Pile and Impoundment/Ponds 

The fine-grained tailings that settled behind the dams and coarser-grained material used to 
construct the dams contain very high concentrations of arsenic and lead that are a result of the 
mining processes.  These tailings are considered source material because they have been and 
continue to be a source of contamination to other media via air particulate migration, surface 
water transport, surface water partitioning, and leaching to ground water.  In addition, the mine 
tailings have a high potential to generate AMD and likely contribute to the sulfate ground water 
plume that is downgradient within the Town of Dewey-Humboldt.  Because of these properties, 
this material is considered a principal threat waste with a source volume of 6.4 million cy (+/- 30 
percent). 

The Iron King Mine Mine Plant is comprised of several industrial buildings that have historically 
been used in mining operations.  Three impoundment/ponds are situated around the Mine Plant 
and serve to retain storm water flow within and around the structures as well as contain overflow 
from the Main Tailings Pile.   

Iron King Mine Mine Plant and Impoundment/Ponds 

Arsenic concentrations in surface soil demonstrate that tailings material has impacted the soil, 
probably through spills during mining processing operations.  These tailings are considered 
source material because they have been and continue to be a source of contamination to other 
media via air particulate migration, and surface water transport.  Because of these properties, this 
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material is considered a low-level threat waste with a source volume of 19,200 cy (+/- 30 
percent). 

5.9.1.2 Iron King Mine Operations Area 

The Iron King Mine Operations Area contains the Iron King Mine Operations Area, Iron King 
Mine Glory Hole, and Iron King Mine Operations Area – Miscellaneous. 

The Iron King Mine Operations Area is comprised of several industrial buildings that have 
historically been used for various industrial activities.  Historically, this area was the center of 
operations for mining as demonstrated by the Old Mine Shaft No. 7.    

Iron King Mine Operations Area 

Arsenic and lead concentrations in surface soil demonstrate that tailings material is sporadically 
located throughout the area as a result of historic mining operations or because it was used as fill 
material.  These isolated areas are considered source material because they likely have been and 
will continue to be a source of contamination to other media via air particulate migration and 
surface water transport.  Because of these properties, this material is considered a low-level 
threat waste with a source volume of 90,800 cy (+/- 30 percent). 

The Iron King Mine Glory Hole was operated as a construction debris landfill.  The arsenic and 
lead concentrations in soil indicate the presence of both tailings and native materials with arsenic 
and lead concentrations in excess of screening levels but similar to those found in the 
background dataset.  These detected concentrations are not considered source material.  Organics 
detected in the soil matrix are not considered source material because their concentrations are 
relatively low.  Although the potential for air particulate migration, surface water transport, and 
leaching to ground water exist, these migration pathways are not considered significant. 

Iron King Mine Glory Hole 

The Iron King Mine Operations Area - Miscellaneous is an unutilized area where some historic 
mining operations were conducted. 

Iron King Mine Operations Area – Miscellaneous 

Arsenic and lead concentrations in surface soil demonstrate that tailings material is sporadically 
located throughout the area as a result of historic mining operations or because it was used as fill 
material.  These isolated areas are considered source material because they likely have been and 
will continue to be a source of contamination to other media via air particulate migration and 
surface water transport.  Because of these properties, this material is considered a low-level 
threat waste with a source volume of 7,400 cy (+/- 30 percent). 

5.9.1.3 Iron King Mine Small Tailings Pile 

The Iron King Mine Small Tailings Pile is an alluvial wash area that was deposited over years or 
even decades.  The arsenic and lead concentrations in surface soil demonstrate that tailings 
material has been deposited along the western portion of the Small Tailings Pile as a result of 
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historic mining operations.  These tailings are considered source material because they have been 
and continue to be a source of contamination to other media via air particulate migration, and 
surface water transport.  In addition, the mine tailings had a potential to generate AMD.  Because 
of these properties, this material is considered a principal threat waste with a source volume of 
22,200 cy (+/- 30 percent). 

5.9.1.4 Iron King Mine Former Fertilizer Plant 

The Iron King Mine Former Fertilizer Plant is comprised of several industrial buildings that once 
served as the former fertilizer plant and later as a human waste treatment facility.  The arsenic 
and lead concentrations in surface soil demonstrate that tailings material is sporadically located 
throughout the area as a result of historic mining operations or because it was likely used as fill 
material.  These areas are considered source material because they likely have been and will 
continue to be a source of contamination to other media via air particulate migration and surface 
water transport.  Because of these properties, this material is considered a low-level threat waste 
with a source volume of 11,100 cy (+/- 30 percent). 

5.9.1.5 Iron King Mine Salvage Yard 

The Iron King Mine Salvage Yard is being operated as a salvage yard, but was historically used 
as a vocational high-school.  Arsenic and lead concentrations in soil demonstrate that this 
material is likely native fill with slightly elevated arsenic and lead concentrations.  These isolated 
areas are not considered source material because the concentrations are similar to those found in 
the background soil dataset.  Although the potential for air particulate migration and surface 
water transport exist, these migration pathways are not considered significant. 

5.9.1.6 Iron King Mine AOI CSM Summary 

The Iron King Mine AOI contains significant sources of tailings material, which contains high 
concentrations of arsenic and lead.  This source material is either a principal threat waste or low-
level threat waste depending on its concentrations (i.e., toxicity), potential for migration (i.e., 
mobility), and source volume.  These source materials are migrating mainly via air particulate 
migration, surface water transport, and leaching to ground water.  Affected nearby exposure 
areas/AOIs include the Galena Gulch, Chaparral Gulch, Off-site Soil, and Ground Water.  

5.9.2 Humboldt Smelter AOI 

The Humboldt Smelter AOI includes the Humboldt Smelter Ash Pile, Humboldt Smelter Slag, 
Humboldt Smelter Tailings Pile, Humboldt Smelter Operations Area, and Humboldt Smelter 
Off-site Migration.  

5.9.2.1 Humboldt Smelter Ash Pile 

The Humboldt Smelter Ash Pile is comprised of several piles of ash that are situated throughout 
the Humboldt Smelter AOI.  This fine-grained material contains elevated concentrations of 
arsenic and high concentrations of lead that are a result of smelting processes.  The ash is 
considered source material because it is and continues to be a source of contamination to other 
media via air particulate migration, and surface water transport.  The ash pile does not have a 
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potential for generating AMD, but may have some acid neutralizing potential.  Nevertheless, 
because of these properties, this material is considered a principal threat waste with a source 
volume of 250,000 cy (+/- 30 percent). 

5.9.2.2 Humboldt Smelter Slag 

The Humboldt Smelter Slag is combination of piles of vitrified glass-like material along the 
eastern boundary adjacent to the Agua Fria River, which is a result of smelting processes.  The 
slag contains elevated concentrations of arsenic and lead and is somewhat inert.  Many of the 
samples collected from this area were collected from mixed piles of slag, ash, and soil because it 
was difficult to collect samples from the vitrified slag.  Nevertheless, the slag material is 
considered source material and a low-level threat waste because it may impact other media via 
air particulate migration, and surface water transport.  Because of these properties, this material 
is considered a low-level threat waste with a source volume of 1.7 million cy (+/- 30 percent). 

5.9.2.3 Humboldt Smelter Operations Area 

The Humboldt Smelter Operations Area is an unutilized area where some historic mining and 
milling operations were conducted.  The arsenic and lead concentrations in soil demonstrate that 
there are small isolated areas with impacted non-native material that have slightly elevated 
concentrations.  These isolated areas are not considered source material because the 
concentrations are similar to those found in the background soil datasets.  Organics detected in 
the soil matrix are not considered source material because their concentrations are relatively low.  
Although the potential for air particulate migration and surface water transport exist for soil 
impacted with arsenic and lead, these migration pathways are not considered significant. 

Some building materials from the Humboldt Smelter Assay Laboratory and soil samples from 
various soil piles contained asbestos.  Asbestos is a known carcinogen that has been 
demonstrated to cause deleterious effects even in small quantities.  Also, asbestos is mobile as it 
can be carried short distances via particulate migration or surface water migration.  Because of 
its inherent toxicity and mobility, asbestos is considered a low-level threat waste.  Because of 
these properties, building materials and debris piles are considered a low-level threat waste with 
a source volume of 42,200 cy (+/- 30 percent). 

5.9.2.4 Humboldt Smelter Impoundment/Pond 

The Humboldt Smelter Impoundment/Pond is a historic surface water retention pond used when 
the smelter was in operation.  It contains fine-grained ash material with elevated concentrations 
of arsenic and high concentrations of lead that are a result of smelting processes.  The ash is 
considered source material because it is and continues to be a source of contamination to other 
media via air particulate migration, and surface water transport.  Because of these properties, the 
material in the impoundment/pond is considered a principal threat waste with a source volume of 
3,000 cy (+/- 30 percent). 

5.9.2.5 Humboldt Smelter Off-site Migration 

The Humboldt Smelter Off-site Migration is a current and historic surface water migration 
pathway that flows from the northwest portion of the Humboldt Smelter (near the 
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impoundment/pond), before joining an unnamed wash to the Agua Fria River.  The arsenic and 
lead concentrations in soil demonstrate that there are small isolated areas with impacted non-
native material with elevated arsenic and lead concentrations.  These isolated areas are not 
considered source material because the concentrations are similar to those found in the 
background soil datasets.  Although the potential for air particulate migration and surface water 
transport exist for soil impacted with arsenic and lead, these migration pathways are not 
considered significant. 

5.9.2.6 Humboldt Smelter Tailings Pile 

The Humboldt Smelter Tailings Pile is comprised of a single tailings dam that is oriented from 
the south-southeast to the north-northwest.  It has two historical breaches, which have allowed 
tailings material to enter the Lower Chaparral Gulch.  

The fine-grained tailings that settled behind the dams and coarser-grained material used to 
construct the dams contain high concentrations of arsenic and lead that are a result of the mining 
processes.  These tailings are considered source material because they have been and continue to 
be a source of contamination to other media via air particulate migration, surface water transport, 
and leaching to ground water.  This source material has contributed significant amounts of 
tailings to the Lower Chaparral Gulch, which has a potential to generate AMD.  Because of these 
properties, this material is considered a principal threat waste with a source volume of 185,000 
cy (+/- 30 percent). 

5.9.2.7 Humboldt Smelter AOI CSM Summary 

The Humboldt Smelter AOI contains significant sources of tailings, ash, slag, and building 
debris.  These materials are considered a principal threat waste or low-level threat waste 
depending on the concentrations of arsenic, lead, or asbestos (i.e., toxicity); potential for 
migration (i.e., mobility); and source volume.  These source materials are migrating mainly via 
air particulate migration, surface water transport, and leaching to ground water.  Affected nearby 
exposure areas/AOIs include the Agua Fria River, Chaparral Gulch, Off-site Soil, and Ground 
Water.  

5.9.3 Waterways AOI 

The Waterways AOI includes the Galena Gulch, Chaparral Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls. 

5.9.3.1 Galena Gulch 

The Galena Gulch evaluation is comprised of the Galena Gulch, Background Galena Gulch, and 
adjoining drainage channels and outfalls.  The arsenic and lead concentrations demonstrate that 
tailings material is sporadically located throughout the area as a result of historic mining 
operations or because it was likely used as fill material.  These areas are considered source 
material because they likely have been and will continue to be a source of contamination to other 
media via air particulate migration and surface water transport.  Because of these properties, this 
material is considered a low-level threat waste with a source volume of 37,000 cy (+/- 30 
percent). 
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5.9.3.2 Chaparral Gulch 

The Chaparral Gulch evaluation is comprised of the Background Chaparral Gulch, Upper 
Chaparral Gulch, Middle Chaparral Gulch, Lower Chaparral Gulch, Lower Chaparral Gulch 
Dam - Confluence, and adjoining drainage channels and outfalls.  

The Upper Chaparral Gulch evaluation is comprised of the Upper Chaparral Gulch, Background 
Chaparral Gulch, and adjoining drainage channels and outfalls.  The arsenic and lead 
concentrations in surface soil/sediment demonstrate that tailings material is sporadically located 
throughout the area as a result of historic mining operations or because it was deposited due to 
storm water runoff during high rain events.  These areas are considered source material because 
they likely have been and will continue to be a source of contamination to other media via air 
particulate migration and surface water transport.  Because of these properties, this material is 
considered a low-level threat waste.  Although the distribution of impacts coincides with 
potential source areas (e.g., Iron King Mine Mine Plant), impacts are not congruent.  Therefore, a 
source volume was not calculated because the value would be subject to high uncertainty.   

Upper  Chaparral Gulch 

The Middle Chaparral Gulch evaluation is comprised of the Middle Chaparral Gulch, 
Background Chaparral Gulch, and adjoining drainage channels and outfalls.  The arsenic and 
lead concentrations demonstrate that tailings material is sporadically located throughout the area 
as a result of historic mining operations or because it was deposited due to storm water runoff 
during high rain events.  Although some of the surface water transport migration pathways no 
longer exist, migration pathways still remain.  These areas are considered source material 
because they likely have been and will continue to be a source of contamination to other media 
via air particulate migration and surface water transport.  Because of these properties, this 
material is considered a low-level threat waste with a source volume of 37,000 cy (+/- 30 
percent). 

Middle Chaparral Gulch 

The Upper Chaparral Gulch evaluation is comprised of the Lower Chaparral Gulch, Background 
Chaparral Gulch, and adjoining drainage channels and outfalls.  The Lower Chaparral Gulch has 
been affected by sedimentation from the Humboldt Smelter Tailings Pile and upgradient 
Chaparral Gulch sources (including historic contributions from the Iron King Mine) behind the 
dam.  In the absence of the dam, the Lower Chaparral Gulch would likely resemble the Middle 
Chaparral Gulch, albeit with a steeper gradient.  The dam has historically served to halt the 
migration of tailings material to the Agua Fria River; however, because the dam is full of 
sediments this is no longer the case. Therefore, the dam plays a key role the future of the Lower 
Chaparral Gulch and must be a prominent consideration in remedial decisions for this area.  The 
Lower Chaparral Gulch is typically a terrestrial environment with small aquatic environments 
near the dam.  Potential jurisdictional wetlands have been identified in this area.   

Lower  Chaparral Gulch 

Fine-grained tailings material has mixed with coarser-grained native material within the Lower 
Chaparral Gulch.  This conglomerate contains high concentrations of arsenic and lead and is 
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considered source material because it is and will continue to be a source of contamination to 
other media via air particulate migration, surface water transport, surface water partitioning, 
leaching to ground water, and ground water to surface water transport.  In addition, the mine 
tailings not only had a moderate potential to generate AMD, but were generating AMD near the 
dam.  Because of these properties, this material is considered a principal threat waste with a 
source volume of 417,000 cy (+/- 30 percent). 

The Lower Chaparral Gulch evaluation is comprised of the Lower Chaparral Gulch, Background 
Chaparral Gulch, and adjoining drainage channels and outfalls.  The Lower Chaparral Gulch 
Dam – Confluence is typically an aquatic environment because surface water emanates from the 
dam during most of the year.  Fine-grained tailings material has mixed with coarser-grained 
native material within the Lower Chaparral Gulch Dam - Confluence.  This conglomerate 
contains elevated concentrations of arsenic and lead and is considered source material because it 
is and will continue to be a source of contamination to other media via surface water transport 
and ground water to surface water transport.  Because of these properties, this material is 
considered a low-level threat waste with a source volume of 18,000 cy (+/- 30 percent). 

Lower  Chaparral Gulch Dam - Confluence 

5.9.3.3 Agua Fria River 

The Agua Fria River is comprised of the Background Agua Fria River, Agua Fria River, and 
adjoining drainage channels and outfalls.  The Agua Fria River is an aquatic environment in 
proximity to the Site during most of the year. In the Aqua Fria, fine-grained impacted material 
has mixed with fine- and coarser-grained native material.  This conglomerate contains low to 
moderate concentrations of arsenic and lead, but is not considered source material.   

However, there are tailings and ash piles along the bank of the Agua Fria River that are 
considered source material because this material is and will continue to be a source of 
contamination to other media via surface water transport and ground water to surface water 
transport.  Because of these properties, ash and tailings material along the banks of the Agua Fria 
is considered a low-level threat waste with a source volume of 6,700 cy (+/- 30 percent). 

5.9.3.4 Waterways AOI CSM Summary 

The Waterways AOI contains significant sources of tailings and ash material, which contains 
high concentrations of arsenic and lead.  This source material is either a principal threat waste or 
low-level threat waste depending on its concentrations (i.e., toxicity), potential for migration 
(i.e., mobility), and source volume.  These source materials are migrating mainly via air 
particulate migration, surface water transport, and leaching to ground water.  Affected nearby 
exposure areas/AOIs include the downgradient waterways (i.e., Galena Gulch, Chaparral Gulch, 
and Agua Fria River), Off-site Soil, and Ground Water.  

5.9.4 Off-Site Soil AOI 

The Off-site Soil AOI includes residential, background, and ancillary properties (e.g. public 
spaces and commercial properties) in the vicinity of the Iron King Mine, Humboldt Smelter, and 
Waterway AOIs. 
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5.9.4.1 Residential, Commercial, and Public Properties 

Residential, commercial, and public properties located in the Off-site Soil AOI were sampled to 
evaluate air or other deposition of metals from suspected source areas.   These areas included:   

• Off-site Soil Area 02 through Off-site Soil Area 20 
• Off-site Soil Area 101 through Off-site Soil Area 148 
• Miscellaneous Off-site Area (e.g. collected during the 2005 Removal Assessment) 

Arsenic and lead concentrations in surface soil are elevated on properties adjacent to the 
Chaparral Gulch or downwind of the Iron King Mine and Humboldt Smelter AOIs.  These areas 
are not considered source areas because they do not pose a significant source of contamination to 
other media or properties.  Nevertheless, residential soils are impacted by source materials, 
including ash and/or tailings.  The Off-site Soil AOI is impacted via the air particulate migration 
and surface water transport migration pathways from the Iron King Mine and Humboldt Smelter 
AOIs.     

Based on existing data, yards further away from the Iron King Mine and Humboldt Smelter AOIs 
are much less likely to be impacted from particulate migration or surface water transport from 
sources.  Conversely, yards closer to the Iron King Mine or Humboldt Smelter AOIs have a 
higher probability of being impacted.  These assertions were supported by the distribution of 
arsenic and lead in shallow surface soil samples.  In addition, the deeper surface soil samples 
have lower concentrations of arsenic and lead that are near or below background values.  This 
also supports the assertion that lead and arsenic impacts very near the surface are likely due to 
particulate migration or surface water transport, rather than being attributable to background 
conditions.   

The full extent of residential impacts has not been determined as many yards have not yet been 
sampled.  Additional parcels near the Chaparral Gulch may be impacted by surface water 
migration and additional parcels downwind of the Iron King Mine and Humboldt Smelter Areas 
of Interest may be impacted by particulate migration.  Additional soil sampling of parcels in the 
vicinity of these areas will assist EPA in fully evaluating the impacts to residential and public 
areas. 

5.9.4.2 Background Areas 

The background areas evaluation included three background areas and native bedrock material 
that were sampled as part of the EPA RI field investigation, and additional background areas that 
were sampled during historic field investigations.  These areas were used to evaluate Site 
contributions to exposure areas.   

These datasets demonstrate that concentrations of arsenic and lead vary by soil type and 
proximity to the Site.  Background Soil Type 1 was generally higher in arsenic and lead 
concentrations than either Background Soil Type 2 or 3.  In addition, the bedrock samples 
collected at various locations throughout the Site generally contained elevated concentrations of 
arsenic, demonstrating that the native material in this area contains minerals (e.g., arsenopyrite) 
that have elevated concentrations of arsenic.    
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It should also be noted that the Background H-1 dataset was collected in an area that is in an old 
surface water transport pathway for the Iron King Mine and the Background H-2 dataset was 
collected downwind from the Iron King Mine.  Therefore, these two areas may have some 
anthropogenic contributions of metals from Iron King Mine migration pathways.  

5.9.5 Ground Water AOI 

The Ground Water AOI includes the shallow alluvium and deep bedrock ground water.  The 
general direction of ground water flow is from west to east.  As such ground water flows from 
the Iron King Mine AOI into residential neighborhoods to the east.  In addition ground water at 
the Humboldt Smelter flows either towards the Aqua Fria or towards the Lower Chaparral 
Gulch. 

The migration of metals in ground water is largely limited by the metals solubility.  As such, 
large plumes of dissolved-phase arsenic or lead are unusual under near neutral pH conditions. 
However, elevated dissolved sulfate and TDS are both associated with ionic dissociation 
processes that occur as concentrated mine tailings or ore is contacted by water and oxygen. 

At the Iron King Mine, sulfate, TDS, arsenic, and lead are present at concentrations in excess of 
twice their respective standards (i.e., MCLs or NSDWS).  The presence of soluble metal ions 
(e.g., sulfate) to solution may be from an anthropogenic mineral substrate (e.g., tailings) or from 
a natural geologic feature (e.g., ore) that is high in sulfate.  Although both mechanisms are likely 
occurring at various degrees throughout the Iron King Mine AOI, there is little doubt that the 
sulfate in ground water is at least exacerbated if not wholly attributable to historic mining 
processes (i.e., contact with mine adit material or tailings material).  It should be noted that 
laboratory analysis of the tailings material from the Iron King Mine Main Tailings Pile has 
verified the potential for AMD due to the high sulfide content and low neutralization capacity of 
the material. 

The distribution of both sulfate and TDS are related to ground water in contact with oxygen and 
sulfide-rich tailings or materials.  This phenomenon is a critical step in the formation of AMD.  
High TDS concentrations, which are commonly in the form of dissociated calcium and sulfate 
ions, are associated with the elevated sulfate concentrations.  As would be expected, wells with 
high sulfate concentrations also have elevated TDS. 

TDS takes into account free chloride, sodium, calcium, and other cations that are released at the 
same time.  Ground water in the vicinity of Humboldt Smelter (i.e., MW-01-S and the wells to 
the north) have chloride as the dominant anion as opposed to sulfate.  The source of chloride is 
likely from a natural geologic feature (i.e., alkali basalt) that is high in chloride, sodium, and 
potassium; monitoring well MW-01-S was completed in basalts of the Tertiary Hinkley 
Formation.  Although the chloride in ground water is likely due to a natural geologic feature, it is 
possible that it could be related to historic smelting operations.  During smelting operations, 
chlorination is commonly used to decompose spent cyanide in precious metals leaching 
operation; it is also used for oxidizing metal sulfides.     

Elevated concentrations of arsenic in ground water are localized (i.e., in proximity of ore 
deposits or residual mine material).  This is expected given the low mobility under neutral pH 
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conditions.  Arsenic concentrations within the Iron King Mine Main Tailings Pile and 
immediately downgradient are less than the MCL.  This indicates that elevated arsenic 
concentrations found in the Town of Dewey-Humboldt and surrounding area are due to natural 
geologic formations (e.g. arsenic bearing minerals in local volcanics).  The variability and 
magnitude of arsenic concentrations in the vicinity of the Site are similar to those throughout 
Arizona. 

Two ground water samples were collected from the Humboldt Water Company supply wells 
(i.e., GW-999951 and GW-999952).  These wells supply water to some residents in the vicinity 
of the Site.  Arsenic concentrations from one of the wells had a concentration of 17.3 µg/L, 
which is greater than the MCL (see Figure 5-51).  The ground from these two wells is blended 
prior to entering the water distribution system.  Nevertheless, many residents obtain water from 
these wells.  The remaining residences obtain water from private wells, some of which are in the 
vicinity of the Site.  Although some of the wells that are not within the Iron King Mine and 
Humboldt Smelter AOIs have concentrations of arsenic greater than the MCL, they are not 
considered impacted from the Site. 

Impacted ground water may migrate to surface water at the Chaparral Gulch or Agua Fria River. 
However, this phenomenon is not considered a significant source of surface water to the area.  In 
addition, monitoring well MW-06-D was installed to monitor migration of contaminants from 
the Iron King Mine Glory Hole to the underlying ground water.  This monitoring well was 
considered unimpacted; therefore, there is not any evidence that the Iron King Mine Glory Hole 
is impacting ground water at this time. 

5.9.6 CSM Summary 

The CSM for the Iron King Mine – Humboldt Smelter Superfund Site is centered around source 
media (e.g., tailings, ash, etc.) that migrates to other areas mainly via air particulate migration, 
surface water transport, and leaching to ground water.  Arsenic and lead have been detected in 
soils/sediments at concentrations in excess of their respective screening levels.  At the Iron King 
Mine and Humboldt Smelter, this is primarily the result of original deposition of source materials 
(i.e., principal or low-level threat wastes) in the form of tailings, ash, etc.  In the Waterway AOI, 
impacts are largely the result of surface water transport.  In the Off-site Soil AOI, impacts are 
mainly attributed to windborne deposition of fine-grained materials.  However, residential 
parcels in close proximity to the Chaparral Gulch have been impacted by surface water transport.  
Although arsenic and lead concentrations in some areas are elevated, source attribution in these 
areas is complicated by elevated background concentrations.  For areas with arsenic and lead 
concentrations slightly above background concentrations and/or screening levels, it is difficult to 
determine if the exceedance is due to natural background conditions or to historic mining and 
smelting activities.   

Surface water and ground water have been impacted as a result of standard geochemical 
processes that occur when natural waters come in contact with materials with a high leaching 
potential.  This geochemical reaction, known as AMD generation, results in a localized decrease 
in the pH of water as well as the release of metals (e.g., arsenic, lead, etc.), and anions (e.g., 
sulfate, chloride, etc.), as well as an increase in the TDS.  As the pH of the water becomes more 
neutral, the metals become less mobile, while the sulfate and TDS concentrations remain high. 
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Ambient air in the vicinity of the Iron King Mine and Humboldt Smelter Areas of Interest have 
higher concentrations of arsenic and/or lead than the background station or Humboldt In-Town 
station near the Humboldt Elementary School; these elevated concentrations demonstrate that the 
Iron King Mine and Humboldt Smelter Areas of Interest are sources of contamination for 
downwind (e.g., residential) properties.  Although the limit of particulate migration is subject to 
uncertainty, arsenic and lead in residential yard surface soil near the Iron King Mine and 
Humboldt Smelter Areas of Interest are higher than further downwind (e.g., near the Humboldt 
Elementary School).  This is consistent with the information obtained from the Humboldt In-
town air sampling station near the Humboldt Elementary School, which had concentrations of 
arsenic and lead similar to background.  These lines of evidence demonstrate that although 
arsenic and/or lead particulate migration from the Iron King Mine and Humboldt Smelter Areas 
of Interest is occurring, the extent of air particulate migration is a few to several blocks from the 
source areas.  Although National Ambient Air Quality Standards for lead and PM-10 were 
exceeded at the Humboldt Smelter, it should be noted that none of the maximum concentrations 
in the air samples exceeded the Health-Based Guidelines for Acute (i.e., Shorterm) Exposure. 

Ground water has been impacted by arsenic, lead, sulfate, chloride, and TDS.  Because of their 
low mobility, impacts from both arsenic and lead are localized.  However, ground water 
downgradient of the Iron King Mine is impacted from sulfate-dominated TDS as a result of 
contact with tailings or from a natural geologic feature that is high in sulfate.  Although both 
mechanisms are likely occurring at various degrees throughout the Iron King Mine AOI, there is 
little doubt that the sulfate in ground water is at least exacerbated if not wholly attributable to 
historic mining processes (i.e., contact with mine adit material or tailings material).  Also, 
ground water in the vicinity of the Humboldt Smelter is impacted from chloride-dominated TDS 
from a natural geologic feature or as a result of smelting operations at the Humboldt Smelter.  
There are a few wells within the Iron King Mine and Humboldt Smelter AOIs that are impacted 
by arsenic from their proximity to ore deposits or residual mine material.  However, elevated 
arsenic concentrations found in wells within the Town of Dewey-Humboldt and surrounding area 
are due to contact with natural geologic formations.  The variability and magnitude of arsenic 
concentrations in the vicinity of the Site are similar to those throughout Arizona. 

6. HUMAN HEALTH RISK ASSESSMENT 

The following sections present the methodology and summary of results for the HHRA.   

6.1 INTRODUCTION 

Under the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR § 
300.430, the role of the human health risk assessment is to quantify the risks associated with 
potential exposure to hazardous substances at a site in the absence of any remedial action or 
control, including institutional controls.  Therefore, a HHRA was performed to estimate the 
probability and magnitude of potential adverse human health effects from exposure to 
contaminants associated with the Site assuming no remedial action was taken.  It provides the 
basis for taking action and identifies the exposure areas, exposure pathways, and contaminants 
that may be considered for remedial action.   
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The organization of the HHRA and methodology used to evaluate human health risks are in 
accordance with the EPA’s guidance which includes, but is not limited to:  

• Risk Assessment Guidance for Superfund (RAGS), Volume I: Human Health Evaluation 
Manual (EPA 1989b) 
 

• RAGS for Superfund Volume I:  Human Health Evaluation Manual.  Supplemental 
Guidance:  Standard Default Exposure Factors (EPA 1991b)  
 

• RAGS, Volume I, Human Health Evaluation Manual, Part D, Standardized Planning, 
Reporting, and Review of Superfund Risk Assessments (EPA 2001b)  
 

• RAGS, Volume I:  Human Health Evaluation Manual (Part E, Supplemental Guidance 
for Dermal Risk Assessment) (EPA 2004b) 
 

• RAGS, Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for 
Inhalation Risk Assessment) (EPA 2009e). 

The HHRA is organized as follows:  The objectives of the HHRA are described in Section 6.2.  
The methodology for data grouping and identification of COPCs is provided in Section 6.3.  The 
exposure assessment is presented in Section 6.4.  Section 6.5 contains the toxicity assessment.  
Site-specific risk assessment results are presented in Section 6.6.  The uncertainty analysis is 
provided in Section 6.7.  Risk calculation tables (i.e., RAGS D Tables) are in Appendix G. 

6.2 OBJECTIVES 

This HHRA was conducted to estimate potential human health risks associated with possible 
exposure to site-related chemicals under current and potential future land use.  It was conducted 
in the absence of remedial, engineering, or institutional controls and without regard to future 
remediation activities.  The specific objectives of this HHRA were to: 

• Estimate potential human health risks associated with current and potential future 
land use conditions 

• Identify the environmental media, COPCs, and pathways that pose the most risk.  

To accomplish these objectives, the following framework was used to estimate potential risk to 
human health: 

• Selection of COPC – Groups analytical data by exposure area and medium for the 
selection of COPCs. 

• Exposure Assessment – Estimates the magnitude of actual and/or potential human 
exposures, the frequency and duration of these exposures, and the pathways (e.g., 
ingestion of contaminated soil) by which humans are potentially exposed. 
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• Toxicity Assessment – Determines the types of adverse health effects associated with 
chemical exposures, and the relationship between the magnitude of exposure (dose) 
and severity of adverse effects (response). 

• Risk Characterization and Uncertainty Analysis – Summarizes and combines 
outputs of the exposure and toxicity assessments to provide a quantitative assessment 
of human health risks. 

The HHRA was performed on human health exposure scenarios that estimated the reasonable 
maximum exposure (RME) to COPCs.  The RME is defined as the highest contaminant exposure 
that is reasonably expected to occur at a Site.  The RME is estimated for individual exposure 
pathways and then summed across multiple pathways as appropriate.  The intent of the RME is 
to develop a conservative (i.e., health protective) estimate of exposure that is still within the 
range of possible exposures.   

6.3 DATA GROUPING AND COPC IDENTIFICATION 

This section presents the data groupings used in the HHRA and the process for selecting COPCs.   

6.3.1 Data Groupings 

Data for the Site were grouped based on historical use, presence of contaminants, potential reuse, 
regulatory differences, etc.  During the course of the investigation, EPA identified five AOIs.  
Subsequently, these areas were further subdivided into individual human health exposure areas 
as follows (see Table 6-1):  

• Iron King Mine – Operations Area, Operations Area - Miscellaneous, Glory Hole, Mine 
Plant, Main Tailings Pile, Small Tailings Pile, Former Fertilizer Plant, and Salvage Yard 
(see Figure 2-1) 

• Humboldt Smelter – Tailings Pile, Ash Pile, Slag, Operations Area, and Off-site 
Migration (see Figure 2-2)  

• Iron King Mine and Humboldt Smelter Impoundments-Ponds – Surface water 
retention basins and associated outfalls/washes (see Figures 2-1 and 2-2) 

• Waterways - Galena Gulch, Agua Fria River, and Chaparral Gulch, which was further 
subdivided into the Upper, Middle, Lower, and Lower Dam – Confluence (see 
Figure 2-3) 

• Off-site Soil – Residential and Background Areas 

— Residential Areas – Off-site Soil Area 02 through 20 and Off-site Soil Area 101 
through 148 (See Figure 2-4) 

— Background Areas – Background Soil Type 1 through 3 and Off-site Soil 
Background H1 and H2 (see Figure 2-5) 
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• Ground Water – Each ground water location was evaluated separately. 

A summary of the data collected during the EPA RI field investigation is presented in Section 4.  
Data are also provided in electronic form in Appendix A-3.  A summary of the data, including 
sample locations, is presented in Section 5, but will not be repeated here for brevity.  The 
following sections present the data groupings used in the HHRA. 

6.3.1.1 Soil/Sediment Samples 

During the RI field investigation, EPA collected soil and sediment samples from 0 to 
0.5-feet bgs, surface soil samples from 0 to 2-feet bgs, subsurface soil samples from 2 to 
10-feet bgs, and deep soil samples greater than 10-feet bgs.  Soil/sediment samples were 
analyzed for TAL metals, SPLP metals, hexavalent chromium, VOCs, SVOCs, pesticides/PCB, 
pH, perchlorate, asbestos, dioxins/furans, ABA, and nitrates/nitrite/sulfate analyses as presented 
in Tables 2-2 through 2-4.   

The HHRA incorporates chemical concentration data that have not been transformed or modified 
during laboratory sample analysis.  For example, SPLP results are representative of the leachate 
concentrations from solid matrix samples and were used to evaluate the leaching to ground water 
migration pathway.  They were not used as EPCs in the HHRA due to their transformation 
during laboratory analysis.  Additional analyses that were utilized as supporting environmental 
information in the HHRA included pH, ABA, and some anions/cations.    

Soil samples evaluated in this HHRA were segregated into depth intervals that are congruent 
with likely exposure.  The surface soils/sediment depth interval of 0 to 2-feet bgs was used in 
accordance with EPA guidance (EPA 1989b).  The subsurface soil depth interval of 2 to 
10-feet bgs was used because intrusive construction activities (e.g., basement foundation or pool 
construction) may extend to 10-feet bgs.  Samples collected greater than 10-feet bgs were not 
utilized in the HHRA because exposure is not likely to occur. 

6.3.1.2 Surface Water Sampling 

Filtered and unfiltered surface water samples were collected to evaluate the total inorganics and 
metals and dissolved metals concentrations in water.  Unfiltered (i.e., total) inorganics 
concentrations were used in the HHRA because it is unlikely that surface water would be filtered 
prior to exposure.  Surface water samples were analyzed for TAL metals, perchlorate, 
anions/cations/TDS, and nitrates/nitrite/sulfate analyses as presented in Tables 2-5 and 2-6.  
Analyses that were utilized as supporting environmental information in the HHRA included 
some anions/cations.   

6.3.1.3 Ground Water Sampling 

Data from two semi-annual ground water sampling events (i.e., Fall 2008 and Spring 2009) were 
included in this HHRA.  Filtered and unfiltered ground water samples were collected to evaluate 
the total inorganics and metals and dissolved metals concentrations in water.  Unfiltered (i.e., 
total) inorganics concentrations were used in the HHRA because filtering of ground water is not 
mandated prior to exposure.  Ground water samples were analyzed for TAL metals, VOCs, 
SVOCs, explosives, perchlorate, anions/cations/TDS, and nitrates/nitrite/sulfate analyses as 
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presented in Tables 2-7 and 2-8.  Analyses that were utilized as supporting environmental 
information in the HHRA included some anions/cations. 

6.3.1.4 Ambient Air Sampling 

Ambient air samples were collected to determine the sources and potential migration of airborne 
contamination and to characterize the nature and extent of particulates from source areas during 
high wind events.  Ambient air samples were analyzed for TSP, PM-10, and inorganics in 
ambient air as presented in Table 2-9.  Inorganics have chemical-specific toxicity criteria, so 
these ambient air data are included in quantitative risk estimates.  However, TSP and PM-10 
concentrations do not have chemical-specific toxicity criteria, so these data were not utilized in 
the HHRA.  

6.3.2 Identification of COPCs 

COPCs are chemicals that are carried through the quantitative exposure and risk estimate 
portions of the HHRA.  Soil, sediment, surface water, ground water, and ambient air data as 
defined in the previous section, were analyzed to identify COPCs.  Arsenic, lead, and sulfate 
have been selected as the primary COPCs because these inorganics are the most prevalent (in 
terms of screening level exceedance and magnitude) and by-in-large are co-located with other 
inorganic COPCs.  An understanding of the risks from these primary COPCs will provide a 
reliable yet concise picture of the risk to human health.  

Although arsenic, lead, and sulfate were considered primary COPCs, the only restriction used in 
the selection of COPCs was the removal of four inorganics (i.e., calcium, magnesium, sodium, 
and potassium) that are considered essential nutrients by EPA (EPA 1989b).   

Chemicals that were reported in at least one sample at a concentration greater than the sample 
quantitation limit were included as COPCs.  The following procedures were used to generate the 
data summaries for each medium: 

• If a chemical was not positively identified in any sample in a given medium because all 
concentrations were reported as nondetect and/or because of blank contamination, it was 
not addressed for that medium. 
 

• All data with J qualifiers were assumed to be positive identifications in that medium.  J 
values are estimated concentrations reported below the quantitation limit or a value above 
the quantitation limit that has been qualified as estimated because of laboratory or field 
quality control criteria out of limits (e.g., matrix spike recoveries outside of acceptable 
limits). 

 
• Duplicate samples from the same sampling location were not considered as individual 

data points in summarizing the frequency of detection.  The analytical results of duplicate 
samples were included in all other statistical measures, including the determination of the 
maximum detected concentration. 
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The identification of COPCs was consistent with guidelines presented in RAGS Part A (EPA 
1989b).  Risk assessment guidance allows for the elimination of chemicals based on a low 
detection frequency, comparison to screening levels, background statistical evaluation, etc.  
However, these restrictions were not incorporated into this HHRA because the number of 
detected analytes was relatively small.  

A summary of the COPCs for each exposure area is typically presented in standard RAGS Part D 
table format in the HHRA (EPA 2001b).  However, this information was presented in RAGS 
Part D format in Section 5 (see Section 5 data summary tables).  Therefore, this information is 
not re-presented in the HHRA for brevity. 

6.4 EXPOSURE ASSESSMENT 

An exposure assessment identifies potential human receptors that could be exposed to site-
related chemicals as well as the routes, magnitude, frequency, and duration of the potential 
exposures.  The principal objective of this evaluation is to identify RME, which is the maximum 
exposure reasonably expected to occur at a site (EPA 1989b). 

The assessment begins with a description of the exposure setting and land use.  Afterwards, 
potential human receptors and complete exposure pathways are discussed.  The remainder of this 
section describes the processes used to estimate exposure point concentration (EPCs) and to 
quantify chemical intake estimates for pathway-specific exposures.  Each of the components of 
the exposure assessment is explained in the following subsections. 

6.4.1 Exposure Setting and Land Use 

Previous sections of this RI Report contain the background information on the exposure settings 
and land use (see Sections 1 and 3).  The parcel property boundaries that form these AOIs are 
presented on Figure 1-2.  The exposure setting, current land use, and potential future land use for 
the five AOIs are provided below (see also Table 6-1). 

The potential future land use of a property is always subject to uncertainty and is largely dictated 
by stakeholder involvement.  Alternate land use for future development is biased toward 
evaluating an unrestricted reuse scenario (i.e., residential) so that exposure areas can be 
evaluated in the absence of restrictions on land use (EPA 1989b).  This will allow a ‘no action’ 
alternative to be evaluated in the FS.  If an exposure area does not require any restrictions on 
land use, then any land use with less exposure (e.g., commercial/industrial, recreational, etc.) 
would be acceptable.  A Reuse Assessment is being prepared by E2, Inc. to evaluate potential 
future land use of the Site. 

The Off-site Soil AOI encompasses the land surrounding the Iron King Mine, Humboldt Smelter, 
and Waterway AOIs.  Although the current land use in the vicinity of the Site is predominantly 
residential, there are some commercial/industrial and public land use properties.  During the EPA 
RI field investigation, data were collected from properties that were considered either residential 
or public land use (e.g., elementary school).  Therefore, the unrestricted reuse scenario (i.e., 
residential) was evaluated for this AOI (see Table 6-1). 

Off-site Soil AOI 
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The Ground Water AOI includes both shallow alluvial and deep bedrock ground water.  
Although ground water originates from the shallow alluvial and deep bedrock ground water, 
most of the wells do not have reliable construction details.  Generally the deeper bedrock ground 
water wells are being utilized for municipal, domestic, and or industrial use.   

Ground Water  AOI 

Ground water at the Iron King Mine and Humboldt Smelter AOIs is not currently being utilized.  
However, most of the Ground Water AOI is being used as a municipal or domestic (i.e., 
residential) water supply.  Although there are a few properties that occasionally utilize ground 
water for commercial/industrial use, there are no restrictions on ground water use for domestic 
purposes.  Therefore, the unrestricted reuse scenario (i.e., residential) was evaluated for this AOI 
(see Table 6-1). 

The Waterway AOI includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and adjoining 
drainage channels and outfalls.  Although these waterways are being evaluated separately from 
the remaining AOIs, the Waterway AOI is not wholly owned by a single entity, but is an 
amalgamation of dozens of separate/adjoining properties (including residential).  Nevertheless, 
laws and regulations regarding the utilization of navigable waterways still apply to the Waterway 
AOI.   

Waterways AOI 

Most of the current use of the Waterways AOI would be considered residential or 
recreational/trespasser.  However, because future use of these properties is unknown, unrestricted 
reuse (i.e., residential), commercial/industrial, recreational/trespasser, and construction worker 
exposure scenarios were evaluated for most of the exposure areas.   

The exceptions are for the Agua Fria River and Lower Chaparral Gulch Dam – Confluence, 
which are located in deep ravines that preclude development as residential or 
commercial/industrial properties.  Therefore, only the recreational/trespasser exposure scenario 
is being evaluated for these exposure areas (see Table 6-1). 

The Humboldt Smelter AOI encompasses several properties.  The majority of the Humboldt 
Smelter AOI is owned by Greenfields, who purchased the property in 2003.  No businesses are 
currently operating on the property.  This property is not currently being used, although 
trespassers occasionally transgress the property. 

Humboldt Smelter  AOI 

Because reuse of the Humboldt Smelter AOI is unknown, the unrestricted reuse (i.e., residential), 
commercial/industrial, recreational/trespasser, and construction worker exposure scenarios were 
evaluated (see Table 6-1). 

The Iron King Mine AOI encompasses several properties, including the Iron King Mine Proper 
Area, Iron King Mine Operations Area, Former Fertilizer Plant Area, Salvage Yard, and 

The Iron King Mine AOI 
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ancillary associated properties.  Descriptions of the formalized areas within the Iron King Mine 
AOI are provided below. 

The Iron King Mine Proper Area 
The present owner of this facility is NAI, which has produced Hydromax fertilizers and soil 
supplements.  The current use of the Iron King Mine Proper Area is considered 
commercial/industrial.  Because reuse of this area is unknown, unrestricted reuse (i.e., 
residential), commercial/industrial, recreational/trespasser, and construction worker exposure 
scenarios were evaluated (see Table 6-1). 

Iron King Mine Operations Area 
From June 2002 through September 2005, Kuhles Capital, LLC (Kuhles) operated a construction 
debris landfill, which utilized the Glory Hole for disposal.  Currently, there are a few operating 
industrial business on the property.  The current use of the Iron King Mine Operations Area is 
considered commercial/industrial.  Because reuse of this area is unknown, unrestricted reuse 
(i.e., residential), commercial/industrial, recreational/trespasser, and construction worker 
exposure scenarios were evaluated (see Table 6-1). 

Former Fertilizer Plant Area 
Aqua Tec, LLC, operated a permitted septage treatment facility on the property from 2003 until 
2005.  The property is not currently being used; although trespassers occasionally transgress the 
property.  Because reuse of this area is unknown, unrestricted reuse (i.e., residential), 
commercial/industrial, recreational/trespasser, and construction worker exposure scenarios were 
evaluated (see Table 6-1).   

The Salvage Yard 
The Salvage Yard is currently operated by Iron King Auto.  The current use of the Iron King 
Mine Salvage Yard is considered commercial/industrial.    Because reuse of this area is 
unknown, unrestricted reuse (i.e., residential), commercial/industrial, recreational/trespasser, and 
construction worker exposure scenarios were evaluated (see Table 6-1). 

The Small Tailings Pile 
The current use of the Iron King Mine Small Tailings Pile is considered recreational/trespasser.    
Because reuse of this area is unknown, unrestricted reuse (i.e., residential), 
commercial/industrial, recreational/trespasser, and construction worker exposure scenarios were 
evaluated (see Table 6-1). 

6.4.2 Exposure Receptors and Exposure Pathways 

Exposure receptors and pathways evaluated in this HHRA are anchored in the HHRA CSM (see 
Table 6-1 and Figure 6-1).  This section presents a summary of the exposure receptors and an 
evaluation of their respective exposure pathways. 

6.4.2.1 Exposure Receptors 

The exposure scenarios outlined in the previous section are synonymous with the exposure 
receptors that are evaluated in this HHRA.  These receptors include: 
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• Commercial/Industrial Workers 
• Construction Worker 
• Adult/Child Recreation/Trespasser 
• Adult/Child Resident. 

 
Although some of the exposure scenarios are not current (e.g., residential exposure to the 
Humboldt Smelter Ash Pile), no distinction was made between current and future exposure 
scenarios because the exposure parameters are identical (see Table 6-1 and Figure 6-1).  
Therefore, exposure scenarios in this HHRA are considered protective of current/future 
exposure.  Also, future exposure scenarios are considered hypothetical; however, this designation 
was not repeated throughout the document for brevity. 
 
6.4.2.2 Exposure Pathways 

According to EPA guidance (1989b), a complete exposure pathway consists of four elements: 
 

• A source and mechanism of chemical release 
• A retention or transport medium/media  
• A point of potential human contact with the medium (i.e., exposure point) 
• An exposure route at the exposure point (e.g., ingestion). 
 

If any of these elements is missing, except when the source itself is the exposure point, then the 
exposure pathway is considered incomplete.  For example, if receptor does not have contact with 
the source or transport medium, then the exposure pathway is considered incomplete and is not 
quantitatively evaluated for risk. 
 
The HHRA CSM summarizes information on sources of COPCs, affected environmental media, 
COPC release and transport mechanisms that may occur at the Site, potentially exposed 
receptors, and potential exposure pathways for each receptor (see Figure 6-1).  Exposure 
pathways were designated as follows: 
 

• Potentially complete exposure pathways that are quantitatively evaluated are designated 
by a “●” in the HHRA CSM.  A quantitative risk evaluation denotes that a calculation of 
numerical cancer risks and noncancer hazard estimates was conducted.  Some of these 
pathways were evaluated utilizing a residential-based quantitative screening evaluation 
(e.g., EPA Tap Water RSLs [EPA 2009b]); the equations and parameters used to derive 
these values can be found in the appropriate referenced documents.   

 
• Potentially complete exposure pathways that are qualitatively evaluated in this HHRA are 

designated by a “○” in the HHRA CSM.  A qualitative risk evaluation that included a 
weight-of-evidence approach was provided for these exposure pathways. 

 
• Potentially complete but insignificant or negligible exposure pathways are designated by 

an “IP”.  These exposure pathways were not evaluated further in the HHRA.   
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Many exposure pathways are based on hypothetical future exposures, so they are considered 
potentially complete and are evaluated to provide a conservative estimate of risk.  Not all of 
these pathways may be complete for these receptors in the future.   
 
The only VOC detected in ground water was toluene in monitoring well MW-05-S with an 
estimated concentration 0.26 J µg/L.  Subsequent resampling of this well determined that toluene 
was not present.  Therefore, the ground water volatilization pathways were considered 
potentially complete but insignificant due to the lack of VOCs in ground water.  
 
An exposure pathway analysis for each of the exposure receptors is provided below (see 
Table 6-1 and Figure 6-1). 
 

The commercial/industrial worker exposure scenario is considered protective of a person 
working in an office environment as well as one that spends most of their time working outdoors.   

Commercial/Industr ial Workers 

 
The following potentially complete exposure pathways are quantitatively evaluated in the 
HHRA.  This designation denotes that a calculation of numerical cancer risks and noncancer 
hazard estimates was conducted. 
 

• Surface soil/sediment exposure pathways: 
 

— Incidental ingestion of surface soil/sediment 
— Dermal contact with surface soil/sediment 
— Inhalation of chemicals adsorbed to windblown surface soils/sediment. 

 
• Subsurface soil exposure pathways (if intrusive activities occur that bring subsurface 

soils to the surface): 
 

— Incidental ingestion of subsurface soil 
— Dermal contact with subsurface soil 
— Inhalation of chemicals adsorbed to windblown subsurface soils. 

 
The following potentially complete exposure pathways are quantitatively evaluated in the HHRA 
utilizing a residential-based quantitative screening evaluation. 
 

• The ingestion surface water exposure pathway from impoundment/ponds using EPA Tap 
Water RSLs and MCLs (EPA 2009b).  Note that the dermal contact with surface water 
pathway may be potentially complete, but is not included as part of the quantitative 
evaluation screen due to its inherent uncertainty, which will be addressed in the 
uncertainty section of this HHRA. 

 
• Inhalation of indoor air vapors from subsurface soil via vapor intrusion exposure pathway 

(if VOC are detected in subsurface soil) using EPA Industrial Soil RSLs (EPA 2009b). 
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• The ingestion of ground water exposure pathway using EPA Tap Water RSLs and MCLs 
(EPA 2009b).  Note that the dermal contact with ground water pathway may be 
potentially complete, but is not included as part of the quantitative evaluation screen due 
to its inherent uncertainty, which will be addressed in the uncertainty section. 

 
The following potentially complete exposure pathways are quantitatively evaluated in the HHRA 
using the residential exposure scenario cancer risk and noncancer hazard estimates as a point of 
comparison. 
 

• Off-site Soil AOI surface soil exposure pathways: 
 

— Incidental ingestion of surface soil 
— Dermal contact with surface soil 
— Ingestion of homegrown produce (qualitative evaluation) 
— Inhalation of chemicals adsorbed to windblown surface soils. 

 
The following are potentially complete but insignificant or negligible exposure pathways which 
were not evaluated further. 
 

• A commercial/industrial worker is not expected to have routine exposure to surface water 
or aquatic sediments in the Agua Fria River or the Lower Chaparral Gulch Dam - 
Confluence. 
 

• A commercial/industrial worker is not expected to conduct intrusive activities in a trench 
(e.g., installing water line).  Therefore, inhalation of volatiles in a trench from subsurface 
soil is considered a negligible pathway. 

 

It is likely that future reuse of the Site may include intrusive redevelopment (i.e., subsurface 
excavation activities) by construction workers.  This construction worker exposure scenario is 
considered protective of a person digging a building foundation, installing a pool, working on 
utilities, or any other intrusive activity that may occur at the Site.   

Construction Workers 

 
The following potentially complete exposure pathways are quantitatively evaluated in the 
HHRA.  This denotes that a calculation of numerical cancer risks and noncancer hazard 
estimates was conducted. 
 

• Surface soil/sediment exposure pathways: 
 

— Incidental ingestion of surface soil/sediment 
— Dermal contact with surface soil/sediment 
— Inhalation of chemicals adsorbed to windblown surface soils/sediment. 

 
• Subsurface soil exposure pathways (if intrusive activities occur that bring subsurface 

soils to the surface): 
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— Incidental ingestion of subsurface soil 
— Dermal contact with subsurface soil 
— Inhalation of chemicals adsorbed to windblown subsurface soils. 

 
The following potentially complete exposure pathways are quantitatively evaluated in the HHRA 
utilizing a residential-based quantitative screening evaluation.  

 
• A construction worker is expected to conduct intrusive activities in a trench (e.g., 

installing water line).  Therefore, inhalation of volatiles in a trench from subsurface soil is 
considered a potentially complete exposure pathway. 

 
• The ingestion surface water exposure pathway from impoundment/ponds using EPA Tap 

Water RSLs and MCLs (EPA 2009b).  Note that the dermal contact with surface water 
pathway may be potentially complete, but is not included as part of the quantitative 
evaluation screen due to its inherent uncertainty, which will be addressed in the 
uncertainty section of this HHRA. 

 
The following potentially complete exposure pathways are qualitatively evaluated in the HHRA 
using the residential exposure scenario cancer risk and noncancer hazard estimates as a point of 
comparison. 
 

• Off-site Soil AOI surface soil exposure pathways: 
 

— Incidental ingestion of surface soil 
— Dermal contact with surface soil 
— Ingestion of homegrown produce (qualitative evaluation) 
— Inhalation of chemicals adsorbed to windblown surface soils. 

 
The following are potentially complete but insignificant or negligible exposure pathways which 
were not evaluated further. 
 

• A construction worker is not expected to have routine exposure to surface water or 
aquatic sediments in the Agua Fria River or the Lower Chaparral Gulch Dam - 
Confluence. 

 
• A construction worker is not expected to spend a significant amount of time indoors.  

Therefore, the subsurface soil vapor intrusion to indoor air from vadose zone soil is 
considered a negligible pathway. 

 
• A construction worker is not expected to have routine contact with ground water during 

construction activities.  Therefore, the ground water exposure pathways are considered 
negligible. 
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Adult/child recreational/trespasser exposure scenarios are likely to be similar, so these potential 
receptors have been combined.  Both exposure scenarios are likely to occur throughout the Iron 
King Mine, Humboldt Smelter, Waterways, and Off-site Soil AOIs.   

Adult Child Recreational/Trespassers 

 
Although the perimeter fence surrounding the Humboldt Smelter is to restrict access to the 
property; reports from the community indicate that trespasser intrusion/exposure is an ongoing 
issue.  This has been less of an issue at the Iron King Mine because of its location (i.e., it is 
across Highway 69 from most of the town residents).  Nevertheless, trespassers access this 
property as well. 
 
Current recreational exposure may be occurring in the Waterways, so this scenario was evaluated 
for the Waterway AOI.  Future reuse of the Iron King Mine, Humboldt Smelter, Waterways, and 
Off-site Soil AOIs may include recreational exposure. 
 
The following potentially complete exposure pathways are quantitatively evaluated in the 
HHRA.  This denotes that a calculation of numerical cancer risks and noncancer hazard 
estimates was conducted. 
 

• Surface soil/sediment exposure pathways: 
 

— Incidental ingestion of surface soil/sediment 
— Dermal contact with surface soil/sediment 
— Inhalation of chemicals adsorbed to windblown surface soils/sediment. 

 
• Surface water/aquatic sediment exposure pathways in the Agua Fria River or the Lower 

Chaparral Gulch Dam - Confluence: 
 

— Incidental ingestion of surface water and aquatic sediment 
— Dermal contact with surface water and aquatic sediment 
— Inhalation of chemicals adsorbed to windblown dried aquatic sediment. 

 
• Subsurface soil exposure pathways (if intrusive activities occur that bring subsurface 

soils to the surface): 
 

— Incidental ingestion of subsurface soil 
— Dermal contact with subsurface soil 
— Inhalation of chemicals adsorbed to windblown subsurface soils. 

 
The following potentially complete exposure pathways are quantitatively evaluated in the HHRA 
utilizing a residential-based quantitative screening evaluation. 
 

• The ingestion surface water exposure pathway from impoundment/ponds using EPA Tap 
Water RSLs and MCLs (EPA 2009b).  Note that the dermal contact with surface water 
pathway may be potentially complete, but is not included as part of the quantitative 
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evaluation screen due to its inherent uncertainty, which will be addressed in the 
uncertainty section of this HHRA. 

 
The following potentially complete exposure pathways are qualitatively evaluated in the HHRA 
using the residential exposure scenario cancer risk and noncancer hazard estimates as a point of 
comparison. 
 

• Off-site Soil AOI surface soil exposure pathways: 
 

— Incidental ingestion of surface soil 
— Dermal contact with surface soil 
— Ingestion of homegrown produce (qualitative evaluation) 
— Inhalation of chemicals adsorbed to windblown surface soils. 

 
The following are potentially complete but insignificant or negligible exposure pathways which 
were not evaluated further. 
 

• Adult/child recreational/trespassers are not expected to conduct intrusive activities in a 
trench (e.g., installing water line).  Therefore, inhalation of volatiles in a trench from 
subsurface soil is considered a negligible pathway. 
 

• Adult/child recreational/trespassers are not expected to spend a significant amount of 
time indoors.  Therefore, the subsurface soil vapor intrusion to indoor air from vadose 
zone soil is considered a negligible pathway. 

 
• Adult/child recreational/trespassers are not expected to have routine contact with ground 

water.  Therefore, the ground water exposure pathways are considered negligible. 
 

The residential exposure scenario represents an unrestricted reuse (i.e., residential) exposure 
scenario.  Therefore, this exposure scenario was evaluated where exposure is currently occurring 
(e.g., Off-site Soil AOI) and those places where residential exposure is unlikely to occur in the 
future (e.g., Galena Gulch).  

Adult/Child Residents 

 
The following potentially complete exposure pathways are quantitatively evaluated in the 
HHRA.  This denotes that a calculation of numerical cancer risks and noncancer hazard 
estimates was conducted. 
 

• Surface soil/sediment exposure pathways: 
 

— Incidental ingestion of surface soil/sediment 
— Dermal contact with surface soil/sediment 
— Inhalation of chemicals adsorbed to windblown surface soils/sediment. 

 
• Off-site Soil AOI surface soil exposure pathways: 
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— Incidental ingestion of surface soil 
— Dermal contact with surface soil 
— Ingestion of homegrown produce (qualitative evaluation) 
— Inhalation of chemicals adsorbed to windblown surface soils. 

 
• Subsurface soil exposure pathways (if intrusive activities occur that bring subsurface 

soils to the surface): 
 

— Incidental ingestion of subsurface soil 
— Dermal contact with subsurface soil 
— Inhalation of chemicals adsorbed to windblown subsurface soils. 

 
The following potentially complete exposure pathways are quantitatively evaluated in the HHRA 
utilizing a residential-based quantitative screening evaluation. 
 

• The ingestion surface water exposure pathway from impoundment/ponds using EPA Tap 
Water RSLs and MCLs (EPA 2009b).  Note that the dermal contact with surface water 
pathway may be potentially complete, but is not included as part of the quantitative 
evaluation screen due to its inherent uncertainty, which will be addressed in the 
uncertainty section of this HHRA. 

 
• Inhalation of indoor air vapors from subsurface soil via vapor intrusion exposure pathway 

(if VOC are detected in subsurface soil) using EPA Residential Soil RSLs (EPA 2009b). 
 

• The ingestion of ground water exposure pathway using EPA Tap Water RSLs and MCLs 
(EPA 2009b).  Note that the dermal contact with ground water pathway may be 
potentially complete, but is not included as part of the quantitative evaluation screen due 
to its inherent uncertainty, which will be addressed in the uncertainty section. 

 
The following are potentially complete but insignificant or negligible exposure pathways which 
were not evaluated further. 
 

• An adult/child resident is not expected to have routine exposure to surface water or 
aquatic sediments in the Agua Fria River or the Lower Chaparral Gulch Dam - 
Confluence. 
 

• An adult/child resident is not expected to conduct intrusive activities in a trench (e.g., 
installing water line).  Therefore, inhalation of volatiles in a trench from subsurface soil 
or from ground water is considered a negligible pathway. 

 
6.4.3 Exposure Points and Exposure Point Concentrations  

The establishment of exposure points and the estimation of EPCs are described in this section. 
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6.4.3.1 Exposure Point Determination 

Potential exposure points are identified on the basis of present and anticipated future population 
activity patterns and the relationship of the activities to the presence of contaminated media.  A 
location is identified as an exposure point if a human could contact (e.g., ingest) a contaminated 
medium (e.g., soil) at that location.  For the purposes of this HHRA, exposure areas are 
considered separate investigation areas and therefore as separate exposure points.  Potential 
exposure to COPCs is assumed to occur uniformly throughout each of the separate investigation 
areas (i.e., exposure points). 

6.4.3.2 Exposure Point Concentration Estimation 

The concentration in the medium (e.g., subsurface soil) that a receptor may be exposed to is 
called the EPC.  EPCs were calculated for COPCs in media sampled:  surface soil/sediment (0 to 
2-feet bgs), subsurface soils (2 to 10-feet bgs), surface water, ground water, and ambient air.  
The methods used to calculate EPCs are detailed in ProUCL 4.0 User Guide (Singh, Singh, and 
Maichle 2007).  EPCs were also estimated for outdoor air using standard media transfer 
equations (i.e., from chemicals in soil released to air as particulate and volatile chemicals). 

A 95 percent upper confidence limit on the arithmetic mean (95% UCL) was calculated using 
ProUCL 4.0 Statistical Software.  The lower of the 95% UCL and the maximum concentration 
was used as the EPC.  Statistical estimations for data sets with a few number of samples (i.e., less 
than 4) lack statistical power and cannot be confidently estimated.  The maximum detected 
concentration was therefore used as the EPC for these data sets.  Similarly, an EPC estimated 
from a data set with a large percentage of nondetect results may be biased, thereby skewing the 
95% UCL estimation because of the large percentage of nondetect concentrations in the data set.  
To eliminate this potential bias, the maximum detected concentration was used as the EPC. 

Inorganic concentrations in ambient air were collected to evaluate contributions from the 
Humboldt Smelter and Iron King Mine.  However, ambient air samples were not collected in 
many exposure areas (e.g., Iron King Mine Salvage Yard).  Therefore, an EPC for soil that 
transfers to outdoor air via wind erosion of particulates was estimated for all soil exposure areas; 
this is accomplished by calculating an exposure area specific particulate emission factor (PEF) 
which is addressed below.  Ambient air samples were evaluated quantitatively in a sensitivity 
evaluation in the risk characterization section.   

Similarly, COPCs in soil may transfer to outdoor via volatilization.  In the absence of direct 
measurements of chemical concentrations, equations were used to estimate EPCs in outdoor air 
as a result of these transfer mechanisms.  These equations are discussed below. 

EPCs of particulates released from soil to outdoor air were estimated using the soil EPCs as the 
source term and the methodology provided by EPA in its memorandum describing the derivation 
of RSLs (EPA 2009b).  To derive the EPCs in outdoor air, the soil EPC was multiplied by the 
reciprocal of the EPA default PEF of 1.32E+09 cubic meters per kilogram (m3/kg), which is a 
non-chemical specific value that relates chemical concentrations in soil to airborne 
concentrations that may be inhaled.   

Soil Par ticulates 
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Chemical-specific volatilization factors (VF) relate concentrations of volatile chemicals in soil to 
airborne concentrations that may be inhaled.  VFs from the EPA RSLs (EPA 2009b) were used 
to estimate EPCs in outdoor air from volatile COPCs in soil.  To estimate EPCs, the soil EPC 
was multiplied by the reciprocal of the VF.   

Volatiles in Soil 

6.4.3.3 Exposure Point Concentrations 

RAGS Part D Table G-3s for all exposure areas are provided in Appendix G.  Distribution, 
statistic, and rationale codes for the selection of EPCs were compatible with ProUCL 4.0 
guidance (Singh, Singh, and Maichle 2007). 

6.4.4 Chemical Intake Estimates 

Estimates of exposure are based on EPCs and scenario-specific intake parameters that are 
combined in standard intake equations (EPA 1989b).  Exposure estimates (i.e., intakes) were 
calculated for the RME scenario for each receptor and exposure pathway and are expressed in 
terms of milligrams of chemical per kilogram body weight per day (mg/kg-day).  The RME 
represents the highest exposure reasonably expected to occur and is calculated using RME 
exposure parameters (see Table 6-2). 

EPA-derived exposure algorithms were used to estimate the chemical intakes for each route of 
exposure.  Equation 6-1 is a generic equation for calculating chemical intake as follows 
(EPA 1989b): 

Equation 6-1:                          
I C CR EF ED

BW AT
= × × ×

×
  

Where: 

I = Intake:  the amount of chemical at the exchange boundary (milligram per 
kilogram per day [mg/kg-day]) 

C =  Chemical concentration:  the EPC (e.g., mg/kg for soil) 

CR = Contact rate:  the amount of contaminated medium contacted per unit of 
time or event; may be the ingestion rate, inhalation rate, or dermal contact 
rate (e.g., milligram per day [mg/day] for the ingestion rate of soil) 

EF  =  Exposure frequency:  how often the exposure occurs (days/year) 

ED = Exposure duration:  the number of years in which a receptor comes in 
contact with the contaminated medium (years) 

BW = Body weight:  the average body weight of the receptor over the exposure 
period (kilograms [kg]) 
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AT = Averaging time:  the period over which exposure is averaged (days); for 
carcinogens, the averaging time is 25,550 days on the basis of a lifetime 
exposure of 70 years (average life expectancy), and for noncarcinogens, 
the averaging time is equal to the exposure duration multiplied by the 
number of days in a year (365 days) 

Pathway-specific variations of Equation 6-1 were used to calculate intakes for the pathways 
where a calculation of numerical cancer risks and noncancer hazard estimates was conducted 
(see Tables 6-3 and 6-4).  The receptor-specific exposure parameters used in the calculation of 
numerical cancer risks and noncancer hazard estimates were obtained from various sources and 
are discussed below (see also Table 6-2). 
 
6.4.4.1 General Exposure Assumptions 

The exposure parameter values used in the intake equations are based on a series of reported and 
assumed factors related to current and potential future land use patterns.  Exposure parameters 
also account for a number of physiological factors that are exposure pathway specific (e.g., daily 
breathing rate and surface area of exposed skin).  However, many exposure parameters are 
common to all intake equations (i.e., exposure time, exposure frequency, exposure duration, 
body weight, and averaging time).  Each of these parameters is discussed in detail in the 
following text (see also Table 6-2). 

Exposure time, exposure frequency, and exposure duration define the total extent of exposure of 
a receptor.   

Exposure Time, Frequency, and Duration 

Exposure Time 
The exposure time is the number of hours per day or hours per event that receptor is present at a 
specific exposure point.  It is only used to quantify the inhalation pathway.  The exposure times 
were 8 hours per day for the commercial/industrial worker and the construction worker 
(EPA 1991b).  The exposure times for the adult/child resident were assumed to be 24 hours per 
day (EPA 1991b).  No adjustments were made to residential or commercial/industrial exposure 
times to account for the distribution of indoor and outdoor activity.  The exposure times for the 
adult/child recreational/trespasser were assumed to be 1 hour and 2 hours per day respectively; 
these values were based on discussions with residents of the Town of Dewey-Humboldt.   

Exposure Frequency 
The exposure frequency is the number of days per year or events per year that exposure occurs.  
The exposure frequencies were 350 days per year for both the adult/child resident (EPA 1991b).  
An exposure frequency of 250 days per year was used for the commercial/industrial and 
construction worker (EPA 1991b); this value corresponds to the number of workdays in a year.  
An exposure frequency of 250 days per year was used for the adult/child recreational/trespasser 
exposed to terrestrial soils/sediments (e.g., Middle Chaparral Gulch); this value was used at other 
Superfund Sites in Arizona and assumes that exposure will occur approximately 5 days per 
week.  An exposure frequency of 52 days per year was used for the adult/child 
recreational/trespasser exposed to aquatic sediments/surface water (e.g., Lower Chaparral Gulch 
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Dam - Confluence); this value was similar to ones used at other Superfund Sites in Arizona and 
assumes that exposure will occur approximately 2 days per week for 6 months of the year.  

Exposure Duration 
The exposure duration is the total number of years that exposure occurs.  The exposure durations 
were 30 years combined for the adult/child resident and adult/child recreational/trespasser 
(24 years for the adult and 6 years for the child) (EPA 1991b).  An exposure duration of 25 years 
was used for the commercial/industrial worker (EPA 1991b).  The construction worker was 
assumed to be exposed for a duration of 1 year.  The value of 1 year is based on professional 
judgment, considering typical construction practices.  That is, most construction work is 
completed by several subcontractors assigned to specific tasks (e.g., the foundation and 
excavation contractor, the concrete crew, and the framing contractor).  Even within those tasks, 
different individuals would perform specialized subtasks (e.g., the concrete forming crew and the 
finishing crew).  Workers would generally be present at a site for limited periods while involved 
in specific tasks.  The one notable exception is the general contractor.  The general contractor 
would not typically be involved in the activities that involve a large amount of contact with soil 
evaluated for the “construction worker,” however, and the potential exposures of a general 
contractor are expected to be more similar to the commercial/industrial worker.   

Consistent with EPA guidance (EPA 1991b), a default body weight of 70 kg was used for the 
adult receptors and 15 kg was used for the child receptors. 

Body Weight 

The averaging time for addressing adverse noncancer health effects is equal to the exposure 
duration (in years) times 365 days per year, as recommended by EPA (1989b).  The averaging 
time for cancer risk estimation is the number of days in a 70-year lifetime or 25,550 days, as 
recommended by EPA (1989b).  

Averaging Time 

6.4.4.2 Pathway-Specific Exposure Factors 

This section summarizes the exposure factors unique to each of the exposure pathways 
quantified in this HHRA and are summarized in Table 6-2. 

Individuals may be exposed to COPCs in soil/sediment by inadvertently ingesting it during 
routine activities.  The intake (i.e., applied dose) is estimated as the amount of chemical at the 
exchange boundary (i.e., gastrointestinal tract).  The exposure parameters specific to the 
ingestion of soil pathway are the soil ingestion rate and the bioavailability factor (BAF). 

Incidental Ingestion of Soil/Sediment 

Incidental Ingestion Rate 
The estimated soil ingestion rate for the adult and child (i.e., resident or 
recreationalist/trespasser) was 100 and 200 mg/day, respectively (EPA 1991b).  Children are 
assumed to result in greater incidental soil intakes during the preschool years.  The default soil 



  EA Project No. 14342.34 
  Page 163 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

ingestion rates of 100 milligrams per day (mg/day) (EPA 1991b) for the commercial/industrial 
worker and 330 mg/day for the construction worker (EPA 2002c) were used. 

Individuals may be exposed to COPCs in soil by direct contact with the skin.  For the dermal 
contact pathway, the intake is estimated as an absorbed dose, which is the amount of chemical 
that crosses the skin, enters the body, and passes into the bloodstream.  The absorbed dose is in 
contrast to an applied dose, which is used to estimate intake for all other exposure routes.  The 
exposure parameters specific to the assessment of the dermal pathway are the skin surface area 
(i.e., the amount of skin in contact with soil), the amount of soil adhering to the skin (i.e., the 
adherence factor), and the chemical-specific dermal absorption fraction (ABS) (i.e., the fraction 
of chemical in contact with the skin that crosses the skin barrier).  ABS values are provided in 
Table 6-5. 

Dermal Contact with Soil 

Skin Surface Area 
EPA guidance (2004b) assumes that the exposed skin surface area for the adult resident is 
equivalent to 5,700 square centimeters (cm2).  This assumes that the adult is wearing a short-
sleeved shirt, shorts, and shoes and that the exposed area is composed of the head, hands, 
forearms, and lower legs.  The same skin surface area was assumed for the adult 
recreational/trespasser. 

An exposed skin surface for the child resident and is assumed to be 2,800 cm2 (EPA 2004b), 
which also includes wearing short-sleeved shirt, shorts, and shoes.  The child 
recreational/trespasser was assumed to have higher skin exposure of 3,000 cm2; this value has 
been used at another Superfund Site in Arizona.   

A body surface area of 3,300 cm2 for the commercial/industrial and construction workers is 
consistent with EPA guidance (2004b).  This value assumes an exposed head (1,200 cm2), 
forearms (1,200 cm2), and hands (900 cm2).   

Dermal Adherence Factor 
Receptor-specific values for the dermal adherence factor were provided by EPA (2004b and 
2009b).  Dermal adherence factors of 0.07 milligram per square centimeter (mg/cm2) for the 
adult resident and adult recreational/trespasser and 0.2 mg/cm2 for the child residents and 
recreational/trespassers were used.  A value of 0.2 mg/cm2 was used for the 
commercial/industrial worker (EPA 2004b) and a value of 0.3 mg/cm2 was used for the for the 
construction worker. 

Dermal Absorption Factors  
Chemical-specific dermal ABS are presented in Table 6-5.  These values were adopted from 
EPA guidance (EPA 2004b and 2009b). 

Recreational/trespassers may come into contact with surface water, while in the aquatic 
environment of the Agua Fria River or the Lower Chaparral Gulch Dam – Confluence.  The 

Incidental Ingestion of Soil/Sediment 
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adult and child recreational/trespassers are assumed to incidentally ingest 50 milliliters per hour 
(ml/hr), which is the default for swimming (EPA 1989b).  This value has also been used at 
another Superfund Site in Arizona. 

Recreational/trespassers may come into contact with surface water, while in the aquatic 
environment of the Agua Fria River or the Lower Chaparral Gulch Dam – Confluence.  The 
critical exposure parameters specific to the pathway are the available skin surface area, which is 
assumed to be the same as for the exposure to sediment, and the chemical-specific permeability 
coefficient (PC), which is a flux value that represents the rate at which the chemical penetrates 
the skin.  PC values were obtained from EPA RAGS Part E guidance (EPA 2004b) and are given 
in Appendix G. 

Dermal Contact with Surface Water  

6.5 TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to evaluate whether chemicals are likely to cause 
adverse health effects in individuals and provide an estimate of the increased likelihood or 
seventy of the adverse effect.  The toxicity assessment includes: 

• Hazard Identification – Determines what adverse human health effects could result from 
exposure to a chemical. 

• Dose-response Evaluation – Quantitative examination of the relationship between the level 
of exposure and the probability of adverse health effects in a population. 

6.5.1 Hazard Identification 

Human health effects are categorized as cancer and noncancer effects, which have different 
mechanisms of toxicity.  Most chemicals have associated noncancer effects; some may have 
cancer effects as well.  When chemicals have both cancer and noncancer effects, they are 
assessed by both mechanisms of toxicity. 
 
6.5.1.1 Noncancer Effects 

Noncancer effects are assumed to occur after a finite level of exposure (i.e., threshold) is 
exceeded.  Exposure to concentrations below the threshold value can be tolerated without an 
adverse human health effect.  Noncancer health effects may include a variety of toxicological 
effects on specific organs (e.g., kidneys) or systems (e.g., central nervous system).  Noncancer 
health effects are generally categorized as acute or chronic effects.  Acute effects typically occur 
after a short exposure and are usually observed within 1 to 7 days.  Chronic effects typically 
occur after repeated exposure within weeks or even years after the initial exposure. 
 
6.5.1.2 Cancer Effects 

Carcinogenic effects are not evaluated based on a threshold value.  For carcinogens, it is 
assumed that a small amount of molecular interactions can cause cellular changes (e.g., DNA 
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mutations) that can cause a cancer effect.  Therefore, it is assumed that any level of exposure has 
the probability of generating a carcinogenic response. 
 
EPA has developed a classification system that uses a weight-of-evidence approach to classify 
the likelihood of a chemical being a human carcinogen (EPA 1989b).  The information included 
in the evaluation includes human studies that associate cancer incidence with exposure and long-
term animal studies under controlled laboratory conditions.  Supporting evidence includes short-
term tests for genotoxicity, metabolic, and pharmacokinetics properties; toxicological effects 
other than cancer; structure-activity relationships; and chemical-specific physical/chemical 
properties.  
 
EPA classifies the chemical into one of the following groups, according to the weight-of-
evidence from epidemiologic and animal studies: 
 

• Carcinogenic to Humans  
• Likely to be Carcinogenic to Humans  
• Suggestive Evidence of Carcinogenic Potential  
• Inadequate Information to Assess Carcinogenic Potential  
• Not Likely to be Carcinogenic to Humans  

 
6.5.2 Dose-Response Evaluation 

Toxicity values are quantitative expressions of the dose-response relationship for a chemical. 
These values are expressed as cancer slope factors and noncancer reference doses, both of which 
are specific to the route of exposure.  
 
Toxicity values used in the HHRA are quantitative expressions of the dose-response relationship. 
These values are referred to as the noncancer reference doses (RfD) and cancer slope factors 
(SF) used to evaluate adverse noncancer health effects and cancer risks respectively.  In addition, 
the major toxicological effects associated with the chemicals are also presented.  Special 
considerations regarding route-to-route extrapolations, surrogate selection, lead, and 
dioxins/furans are also discussed.   

The human health toxicity values used to develop this HHRA were obtained from the EPA 
hierarchy of sources presented in the OSWER Directive 92857-53 (EPA 2003c): 

• Tier 1-EPA’s Integrated Risk Information System (IRIS).  IRIS is an on-line database 
that contains EPA-approved RfDs and SFs (or reference concentrations [RfCs] and 
unit risk factors, which are converted to RfDs and SFs) (EPA 2009f).  The RfDs and 
SFs have undergone extensive review and are recognized as high-quality, agency-
wide consensus information.  Values current as of October 2009 were verified in IRIS 
(EPA 2009f). 



  EA Project No. 14342.34 
  Page 166 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

• Tier2-EPA’s Provisional Peer-Reviewed Toxicity Values (PPRTVs), presented in 
EPA RSL Table (2009b).  PPRTVs were developed by the Office of Research and 
Development, National Center for Environmental Assessment, and Superfund Health 
Risk Technical Support Center for EPA’s Superfund program (EPA 2004c). 

• Teir-3 Other EPA and non-EPA sources, including Agency for Toxic Substances and 
Disease Registry’s (ATSDR) minimal risk levels (MRL) (ATSDR 2004), California 
EPA’s online resource, “Toxicity Criteria Database” (Office of Environmental Health 
Hazard Assessment [OEHHA] 2009), and EPA’s Health Effects Assessment 
Summary Tables (HEAST) (EPA 1997a). 

When toxicity values were not available from any of the recommended sources, toxicity values 
from chemically similar compounds were selected as surrogates.  Where route-specific toxicity 
values were not available, route-to-route extrapolations were used to derive toxicity values for 
organic compounds, but not for metals.  Cases where surrogates or route-to-route extrapolations 
were used were noted in the toxicity tables, which are provided in Table 6-5. 

6.5.3 Toxicity Values for Noncancer Effects 

The toxicity value used to describe the dose-response relationship for noncancer health effects is 
referred to as the noncancer reference dose (RfD).  The EPA defines the RfD as: 
 

“. . . an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily 
exposure to the human populations (including sensitive subgroups) that is likely to be 
without an appreciable risk of deleterious effects during a lifetime” (EPA 1989b). 
 

The oral RfD is expressed as milligrams per kilogram of body weight per day (mg/kg-day).  
RfDs for effects associated with inhalation are referred to as the noncancer reference 
concentration (RfC) and is expressed in milligrams per cubic meter (mg/m3). 
  
EPA has developed dose-response relationships for assessing the potential for noncancer health 
effects on the principle that noncancer effects occur only after a threshold dose is reached.  A 
chronic noncancer RfD represents the dose to which human populations can be exposed without 
significant risk of adverse health effects. 
 
This threshold dose is usually estimated from the No Observed Adverse Effect Level (NOAEL) 
or the Lowest Observed Adverse Effect Level (LOAEL) determined from long-term chronic 
animal studies.  The NOAEL is defined as the highest dose at which no adverse effects are 
observed.  Similarly, the LOAEL is defined as the lowest dose at which adverse effects are 
observed. 
 
Uncertainty factors are typically applied to the NOAEL or LOAELs and each uncertainty factor 
represents a specific area of uncertainty inherent in the extrapolation from available data (e.g., 
animal studies, human epidemiologic information, etc.).  In most cases, the RfD is extrapolated 
using NOAELs in animals to humans and reduced further using individual uncertainty factors 
ranging from 1 to 10.  An uncertainty factor of 1 to 10 can be applied for: 
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• The application of high-dose animal toxicity endpoints to low-dose human exposure.   
• Extrapolation of data from animals to humans (i.e., interspecies extrapolation) 
• Variation in human sensitivity to the toxic effects (i.e., intraspecies differences) 
• Derivation of a chronic RfD based on a subchronic rather than a chronic study 
• Derivation of an RfD based on a LOAEL rather than a NOAEL.   
• To account for the quality of the toxicological studies or results.  

 
The uncertainty factors and the modifying factors provide an inherently more conservative RfD. 
 

For the arsenic oral RfD, the experimental NOAEL is 0.0008 mg/kg-day.  An uncertainty 
factor of 3 was applied to account for both the lack of data to preclude reproductive 
toxicity as a critical effect and to account for some uncertainty in whether the NOAEL of 
the critical study accounts for all sensitive individuals (EPA 2009f).  Additional 
information regarding the toxicity of arsenic is provided in a toxicity profile contained in 
Appendix G. 

 
Noncancer toxicity values are listed in Table 6-5.  This table also identifies the toxic endpoints 
observed in each investigation used to derive the RfD.  
 
6.5.4 Toxicity Values for Carcinogens  
The dose-response relationship for cancer effects is expressed as a cancer slope factor (SF).  
Generally, the SF is a plausible upper-bound estimate of the probability of a response per unit 
intake of a chemical over a lifetime of exposure.  The CSF is usually the upper 95%UCL of the 
dose response curve slope and is expressed as (mg/kg-day)-1.  
 
Chemical carcinogens are generally divided into two classes based upon the mechanism of 
carcinogenesis.  Genotoxic agents are capable of causing DNA damage and nongenotoxic agents 
are toxic via other mechanisms.  For genotoxic carcinogens, it is assumed that no threshold exists 
below which the agent cannot cause cancer.  Therefore, no matter the dose, there is some 
carcinogenic response, even if that response cannot be measured in the study.  In contrast, 
nongenotoxic carcinogens are likely to have a threshold dose below which no adverse 
toxicological impact would be expected. 
 
The dose-response curve used by regulatory agencies is typically derived using the linearized 
multistage (LMS) model, which extrapolates the tumor response in animals exposed to high 
doses to a theoretical cancer risk for human exposed to low doses.  EPA acknowledges that this 
approach likely overestimates cancer risks:  
 

“It should be emphasized that the linearized multistage procedure leads to a plausible 
upper limit to risk that is consistent with some proposed mechanisms of carcinogenesis. 
Such an estimate, however, does not necessarily give a realistic prediction of the risk. 
The true value of the risk is unknown and may be as low as zero. The range of risks 
defined by the upper limit given by the chosen model and the lower limit, which may be 
as low as zero, should be explicitly stated. An established procedure does not yet exist for 
making ‘most likely’ or ‘best’ estimated of risk within a range of uncertainty defined by 
the upper and lower limit estimates” (EPA 1986a). 
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The linearized multistage procedure is used to develop cancer SFs.  A cancer SF is a measure of 
the carcinogenic potency of a chemical, so the higher the slope factor, the more toxic the 
chemical. 
 

The arsenic oral cancer SF is 1.5 (mg/kg-day)-1 based on the assumption of continuous 
lifetime exposure.  Additional information regarding the toxicity of arsenic is provided in 
a toxicity profile contained in Appendix G. 

There is uncertainty and conservatism built into this risk extrapolation approach.  Cancer risks 
estimated by this method produce an estimate that provides an uncertain, but plausible upper 
limit of risk.  Therefore, risk estimates are not likely to be underestimated, but it is plausible that 
risk estimates are overestimated.  

6.5.5 Toxicity Assessment for Lead  

Intakes of lead are assessed differently than for other chemicals.  EPA has not established cancer 
SFs or noncancer RfDs for lead.  Much of the toxicological data collected on the effects of lead 
in humans relates to exposure and effect in terms of the amount of lead in blood associated with 
an observed effect, expressed as micrograms of lead per deciliter of blood (µg lead/dL blood). 
EPA and Centers for Disease Control and Prevention (CDC) have identified childhood blood 
levels of 10 µg/dL as the level of concern above which significant health risks may occur (EPA 
2003c).  However, this value is currently under review.   Lead is not regulated as a carcinogen 
because it appears to be more potent as a toxicant to the hemopoietic system by inhibiting heme 
synthesis.  Additional information regarding the toxicity of lead is provided in a toxicity profile 
contained in Appendix G. 

Exposure to lead in soil was evaluated using the California Department of Toxic Substances 
Control (DTSC) lead Risk Assessment Spreadsheet Version 7 (i.e., LeadSpread Version 7 Model 
[DTSC 1999]).  This model calculates a soil screening level for adult residents, child residents, 
and occupational workers that is protective for a combined exposure to lead in air, drinking 
water, food and soil.  For the lead screening level, the most conservative (health-protective) 
screening level available from the LeadSpread model was selected (99th percentile) based on 
protection of human health.  

6.5.6 Dioxins/Furans 

The carcinogenic toxicity of dioxins/furans is well established, especially for the most potent 
congener in the group, 2,3,7,8-tetrachlorodibenzo-p-dioxin, or TCDD.  EPA classifies TCDD as 
a likely to be carcinogenic to humans. Toxicity Equivalent Factors (TEF) have been developed to 
express the relative toxicity of individual dioxin-like compounds to that of TCDD.   

Dioxin toxic equivalents (TEQ) are used to assess the risk of exposure to a mixture of TCDD-
like compounds.  A TEQ is defined as the product of the concentration, Ci, of an individual 
“dioxin-like compound” in a complex environmental mixture and the corresponding TCDD TEF 
for that compound.  The total TEQ concentration is the sum of the TEQs for each of the 
congeners in a given mixture.   
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The following equation summarizes this approach:  
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This approach was applied in the HHRA to estimate total dioxin TEQ concentrations for samples 
analyzed for TCDD and TCDD-like compounds.  Dioxin TEQ concentrations were estimated 
from the set of TEFs recommended by the World Health Organization in 2005 (EPA 2009b).  
EPCs estimated from the sample population of estimated dioxin TEQ concentrations are 
presented in Table G-3s in Appendix G.  Toxicity values for cancer and noncancer effects from 
exposure to TCDD are provided on Table 6-5. 

6.5.7 Toxicity of Sulfate          

The toxicity information available for the effect of sulfates on human health reports diarrhea in 
infants exposed to water containing 630 – 1,150 mg/L and a laxative effect in adults consuming 
water above 1,000 mg/L (EPA 2003d).  Where drinking water contains high levels of sulfate or 
total dissolved solids, it should not be used in the preparation of powdered infant formula or 
nutritional supplements. An alternate low mineral water source should be used. Because laxative 
effects have not been observed with long-term exposures to sulfate-containing water, the data 
suggest that acclimatization occurs as exposures continue. 

High sulfate concentrations do not appear to cause adverse reproductive or developmental 
effects.  Children and the elderly are the sensitive groups of interest because of the potentially 
high risk of dehydration from diarrhea that might be caused by high levels of sulfate in drinking 
water.  Nevertheless, the toxicity information is not adequate to develop a reliable dose-response 
relationship for the adverse effects from sulfate in drinking water.   

Exposure to sulfate in drinking water was evaluated using the secondary MCL of 250 mg/L, 
which is based on taste and odor; it should protect almost all consumers from the esthetic effects 
of sulfate (EPA 2003d).  The health-based advisory value of 500 mg/L will protect against 
sulfate’s laxative effects in the absence of high concentrations of other osmotically active 
chemicals (e.g., potassium) in the water.  Additional information regarding the toxicity of sulfate 
is provided in a toxicity profile contained in Appendix G. 

6.6 RISK CHARACTERIZATION 

The final step in the HHRA is the characterization of the potential risks associated with exposure 
to chemicals detected at a site.  Information presented in the exposure and toxicity assessments is 
integrated in this section to characterize risks to commercial/industrial workers, adult/child 
residents, construction workers, and adult/child recreational/tresspasssers that may be exposed to 
chemicals at the Site.  Theoretical noncancer hazards and lifetime-excess cancer risks are 
characterized and discussed below.  The critical uncertainties affecting risk estimates are 
discussed in Section 6.8. 
 
The HHRA was performed on human health exposure scenarios that estimated the RME.  The 
RME is estimated for individual exposure pathways and then summed across multiple pathways 
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as appropriate.  The intent of the RME is to develop a conservative (i.e., safe) estimate of 
exposure.  Under RME conditions, the calculated risks are not likely to be exceeded by any 
member of the exposed population because of the health-protective exposure assumptions used.  
The RME does not measure the actual health effects that hazardous substances may have on 
people.  Conservative safety margins are built into the HHRA to ensure protection of the public.  
Therefore, people will not necessarily be affected even if they are exposed to chemicals at higher 
doses than those estimated in the HHRA. Vulnerable receptors (i.e., children) are carefully 
considered to make sure all members of the public will be protected.  

6.6.1 Noncancer Hazard 

Noncancer effects are evaluated by comparing the average dose over a specified time period for 
each exposure route and chemical.  The ratio of the average daily dose to the noncancer RfD is 
called a hazard quotient (HQ), which is calculated as follows: 
 

HQ = ADD / RFD 

Where: 

HQ  =   Theoretical noncancer hazard quotient for chemical and exposure pathway 
ADD  =   Average Daily Dose (mg/kg-day) for chemical and exposure pathway 
RfD  =   Reference Dose (mg/kg-day) for chemical and exposure pathway 
 

The HQ assumes that there is a dose below which adverse health effects are unlikely to occur 
(EPA 1989b).  If the average daily dose is below the threshold noncancer RfD (i.e., the HQ < 1), 
it is unlikely that noncarcinogenic effects would occur.  To assess the cumulative potential for 
noncarcinogenic effects from a particular exposure scenario, noncancer HQs for individual 
exposure pathways (e.g., ingestion, dermal contact, and inhalation) are summed to obtain the HI: 

HI  = Sum of HQs for chemicals and pathways 
 

When the total HI exceeds 1, a segregated HI analysis can be used to further evaluate adverse 
noncancer health hazards.  Segregated HIs are the sums of chemical-specific HQs grouped 
according to affected target organ.  Segregated HIs may be appropriate because adverse 
noncancer health effects can occur to different target organs and therefore are not additive 
(EPA 1989b).  A segregated HI that exceeds 1 indicates the potential for adverse noncancer 
health effects (EPA 1989b).  A segregated HI that does not exceed 1 indicates that no 
appreciable risk exists for adverse noncancer health effects.  A segregated HI was not conducted 
for this HHRA because arsenic often had an HI greater than 1.  
 
A HI at or below 1 indicates that there is unlikely to be an increased noncancer hazard, even for 
sensitive populations.  However, a HI greater than 1 does not necessarily indicate that adverse 
effects will occur, because the exposure parameters, RfDs, and EPCs used in the calculation are 
conservative.   

Noncancer hazards are assessed based on a 30-year adult/child residential exposure.  The child is 
assumed to have a 6-year exposure duration and an adult is assumed to have a 24-year exposure 
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duration.  The adult/child residential HIs are calculated separately.  A 30-year exposure scenario 
is consistent with EPA national guidance, as explained in the NCP.  
 
6.6.2 Cancer Risks  

The theoretical lifetime-excess cancer risks associated with the lifetime average daily doses are 
calculated as the product of the LADD and the CSF for each chemical and exposure pathway as 
shown below: 
 

Risk = CSF x LADD 

Where:  

Risk  =   Theoretical lifetime-excess cancer risk for chemical and exposure pathway 
SF  =   Slope Factor for chemical and exposure pathway 
LADD =   Lifetime Average Daily Dose for chemical and exposure pathway 

 
The quantitative risk estimates for suspected carcinogens are expressed as the lifetime-
theoretical-excess (or additional) risk of contracting cancer above the background incidence of 
cancer if no exposure to chemicals were to occur.  In the US, the likelihood of developing cancer 
over a lifetime is approximately 1-in-2 males and 1-in-3 females (American Cancer Society 
2007).  The total upper-bound theoretical excess cancer risk is calculated by combining the risks 
across pathways and chemicals as follows: 
 

Total lifetime-theoretical-excess risk = Sum of risks for chemicals and pathways 
 
For assessing excess cancer risk for a 30-year residential exposure, the child is assumed to have a 
6-year exposure duration and an adult is assumed to have a 24-year exposure duration.  
Adult/child residential cancer risks are summed to obtain the theoretical excess cancer risk over a 
lifetime.  The NCP states that Superfund remedial projects will address lifetime excess cancer 
risks using a RME scenario; lifetime risks are calculated over 70 years based on a RME scenario.  
The RME scenario is defined as a 30-year exposure duration in the case of adult/child residents 
and 25-year exposure duration in the case of workers.  Lifetime risk does not imply exposure 
over an entire 70 year lifetime. 
 
6.6.3 Cancer Risk and Noncancer Hazard Perspective 

EPA has provided guidance on the role of the risk assessment in federal Superfund remedy 
selection (EPA 1991b).  EPA considers a target lifetime-theoretical-excess cancer risk range to 
an individual of between 1E-04 and 1E-06,” or 1 in 10,000 to 1 in 1,000,000 to be “safe and 
protective of public health” (56 F.R. 3535), although EPA has discretion to take action in this 
range depending on site-specific circumstances. 
 
When it is stated that exposure to cancer-causing chemicals results in a cancer risk of one-in-a-
million, it means that each individual exposed to that chemical, at that level over his or her 
lifetime, has a one-in-a-million chance of getting cancer from that particular exposure above the 
background risk.  In order to take into account the uncertainties in the science, the risk numbers 
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are calculated using conservative assumptions, which results in conservative estimates of risk. 
The risks presented in this HHRA are the plausible upper limit of the true risk.  In actuality, the 
actual risk is probably somewhat less than those calculated in this HHRA.  

A more recent EPA directive (EPA 1991c) provides additional guidance on the role of the 
HHRA in supporting risk management decisions, and in particular, determining whether 
remedial action is necessary at a site.  Specifically, the guidance states, “Where cumulative 
carcinogenic site risk to an individual based on reasonable maximum exposure for both current 
and future land use is less than 1E-04, and the noncancer HQ is less than 1, action generally is 
not warranted unless there are adverse environmental impacts or an applicable or relevant and 
appropriate requirement (ARAR) is exceeded.”  However, even risks slightly greater than 1E-04 
may be considered adequately protective based on site-specific conditions, including any 
uncertainties about the nature and extent of contaminants and associated risks.  Alternatively, 
remedial action may be taken to address risks between 1E-04 and 1E-06.  For that reason, the 
range between 1E-04 and 1E-06 is referred to as the “risk management range”.  Where remedial 
action is warranted, guidance for remedy selection is provided in the EPA directive entitled Land 
Use in the CERCLA Remedy Selection Process (EPA 1995).  The directive notes that it is not 
EPA’s intent that acceptable risk standards be based solely on categories of land use (e.g., 
residential at 1E-06 or industrial at 1E-04).  Rather, the risk range provides the risk manager with 
the necessary flexibility to address technical and cost limitations, and performance and risk 
uncertainties in remedial decisions.  

6.6.4 Health Effects Associated with Exposure to Lead 

Given the unique toxicological and pharmacological properties of lead, DTSC’s LeadSpread 
model (Version 7.0) was used to calculate screening levels for adult residents, child residents, 
and commercial/industrial workers (DTSC 1999).  Two scenarios were calculated that included 
and excluded the ingestion of homegrown produce pathway.  Site-specific outdoor air and 
drinking water supply concentrations were used to determine the site-specific screening levels 
(Tables 6-6 through 6-13).  

6.6.5 Bioavailability Factor for Arsenic and Lead 

One example of exposure to metals in soil occurs from ingesting contaminated soil that clings to 
people’s hands.  Not all metals swallowed, however, will enter into the body.  Some metals can 
pass through the digestive system without being absorbed.  Some arsenic or lead is bound so 
tightly to soil particles that it is less likely to be absorbed by the lining of the intestinal tract than 
arsenic bound loosely to soil particles.  This process of how much arsenic or lead crosses the 
stomach and enters into the bloodstream and the body is known as bioavailability.  For example 
if only half the arsenic in soil is capable of passing from the gut and into the individual’s body, 
the soil arsenic is referred to as being 50% bioavailable.  

The bioavailability of arsenic in soil varies depending on the source of the arsenic (e.g., smelters, 
mines, pesticide application). Studies have shown arsenic bioavailability to range from 3 to 80 
percent (Roberts et al. 2007, Casteel et al. 1997, Casteel et al. 2001, and Lorenzana et al. 1996).  
Previous geochemical speciation analysis at the Site has shown high levels of arsenopyrite in the 
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Iron King Mine tailings materials (see background evaluation in Appendix B).  Arsenopyrite has 
an approximate bioavailability of 50 percent.  However, arsenic sorbed on amorphous iron 
oxides (As[III] and/or As[V]) has been identified in samples collected in residential yards and at 
the Humboldt Smelter.  This type of arsenic has a bioavailability closer to 100  percent. 

Underway are a series of lab investigations designed to specifically assess arsenic bioavailability 
at the Iron King Mine - Humboldt Smelter Site.  These investigations include animal feeding 
studies (in vivo), extraction tests that simulate digestive systems (in vitro), and geochemical 
speciation analysis.  The goal of these investigations is to develop an arsenic bioavailability 
factor specific to the Iron King Mine - Humboldt Smelter Site.    

Pending the results from lab investigations, the estimation of risks/hazards from incidental 
ingestion of arsenic-contaminated soil for the HHRA, will assume 80 percent bioavailability (i.e., 
BAF of 0.8).  This is a conservative health protective value, which is not likely to underestimate 
the risks/hazards from incidental ingestion of arsenic-contaminated soil.  A bioavailability of 80 
percent for arsenic has also been used at another Superfund Site in Arizona.    

The Lead Model Version 7.0 bioavailability default of 44 percent has been applied to the lead 
evaluation. 

6.7 HUMAN HEALTH RISK ASSESSMENT RESULTS 

This section summarizes the estimated cancer risks and noncancer hazards for 
commercial/industrial workers, construction workers, adult/child recreational/trespassers, and 
adult/child residents exposed to media at the Site.  Cancer risks and noncancer hazard estimates 
for the quantitative risk evaluation are presented in Table G-7s through G-10s in Appendix G.  
Summaries of these risks are referenced in the appropriate tables below.  Cancer risks and 
noncancer hazards discussed in the text and summary risk tables are presented, to one significant 
figure. 
 
Cancer risks and noncancer hazards that were estimated for each exposure area fall into the 
following categories (see Table 6-14 through 6-19):   

•  = Exposure areas with cancer risks greater than 1E-04 (i.e., greater than the risk 
management range) or a noncancer HI > 10 (exposure areas have analyte-specific HIs 
greater than 1 and do not warrant a target organ analysis).  Generally, these exposure 
areas require an evaluation of remedial alternatives in the FS.   

•  = Exposure areas with cancer risks within risk management range (i.e., 1E-04 to 1E-
06) or a noncancer HI > 1.  If the noncancer HI < 1 based on a target organ basis, then 
these exposure areas are subject to a risk management decision on whether they require 
an evaluation of remedial alternatives in the FS. 

•  = Exposure areas with cancer risk less than the risk management range (i.e., 1E-06) or 
with noncancer HI < 1.  If both conditions are met, these exposure areas do not pose an 
unacceptable risk to human health and will not be subject to evaluation in the FS. 
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Cancer risks or noncancer hazards from ephemeral surface water locations (e.g., impoundment 
ponds) and ground water were evaluated in a residential-based quantitative screening evaluation.  
The results from this evaluation are discussed separately.  In addition, cancer risks and noncancer 
hazards from residential or public exposure areas within the Off-site Soil AOI are presented 
separately.  

6.7.1 Exposure Areas with Cancer Risks Greater Than 1E-04  

Due to the very high concentrations of arsenic in these exposure areas, arsenic comprises most of 
the cancer risks (i.e., 99%) and noncancer hazards (i.e., 95%).  Because arsenic comprises most 
of the HI, only a slight exceedance of an HI of 1 denotes that a chemical-specific HI (i.e., for 
arsenic) also exceeds 1; therefore, a target organ analysis was not conducted.  In a typical 
exposure area, the incidental ingestion exposure pathway comprises approximately 80% of the 
cumulative cancer risk, dermal contact comprises approximately 18% of the cumulative cancer 
risk and inhalation of particulates/volatiles comprises the remaining fraction.  Percentages for 
noncancer hazards are similar.  Cancer risks and noncancer hazard estimates for this quantitative 
risk evaluation are presented in Table G-7s through G-10s in Appendix G. 

The following exposure areas have cancer risk estimates greater than 1E-04 (i.e., the upper 
bound of the risk management range) for all four categories of receptors (i.e., 
commercial/industrial worker, construction worker, adult/child recreational/trespasser, and 
adult/child resident) (see Table 6-14): 

• Iron King Mine – Elevated concentrations of arsenic are not segregated, but are fairly 
well distributed throughout the exposure area. 

— Iron King Mine Main Tailings Pile (surface soil arsenic EPC is 7,678 mg/kg 
and subsurface soil arsenic EPC is 5,148 mg/kg)  

— Impoundment-Pond - Iron King Mine Main Tailings Pile (surface soil arsenic 
EPC is 5,251 mg/kg) 

— Iron King Mine Mine Plant (surface soil arsenic EPC is 1,919 mg/kg)  
— Impoundment-Pond - Iron King Mine Mine Plant (surface soil/sediment 

arsenic EPC is 2,602 mg/kg) 
— Iron King Mine Operations Area (surface soil arsenic EPC is 3,016 mg/kg and 

subsurface soil arsenic EPC is 4,715 mg/kg) 

• Humboldt Smelter – Elevated concentrations of arsenic are not segregated, but are 
fairly well distributed throughout the exposure area.   

— Humboldt Smelter Tailings Pile (surface soil arsenic EPC is 13,891 mg/kg) 

The following exposure areas have cancer risk estimates greater than 1E-04 (i.e., the upper 
bound of the risk management range) for the commercial/industrial worker, adult/child 
recreational/trespasser, and adult/child resident receptors.  Although these exposure areas did not 
have unacceptable risks for the construction worker exposure scenario (i.e., carcinogenic risks 
were within the risk management range), it is unlikely that the future use of an exposure area 
would be restricted to construction work (see Table 6-14): 



  EA Project No. 14342.34 
  Page 175 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

• Iron King Mine – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   

— Iron King Mine Glory Hole (subsurface soil arsenic EPC is 278 mg/kg) 
— Iron King Mine Operations Area – Miscellaneous (surface soil arsenic EPC is 

414 mg/kg) 
— Iron King Mine Small Tailings Pile (surface soil arsenic EPC is 1,045 mg/kg 

and subsurface soil arsenic EPC is 762 mg/kg) 
— Iron King Mine Former Fertilizer Plant (surface soil arsenic EPC is 1,244 

mg/kg) 

• Humboldt Smelter – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   

— Humboldt Smelter Ash Pile (surface soil arsenic EPC is 822 mg/kg and 
subsurface soil arsenic EPC is 184 mg/kg) 

— Humboldt Smelter Slag (surface soil arsenic EPC is 297 mg/kg) 
— Humboldt Smelter Operations Area (surface soil arsenic EPC is 242 mg/kg) 

• Waterways – Elevated concentrations of arsenic are fairly well distributed throughout 
the exposure area (see Section 5 Figures).   

— Galena Gulch (surface soil/sediment arsenic EPC is 1,058 mg/kg) 
— Upper Chaparral Gulch (surface soil/sediment arsenic EPC is 219 mg/kg) 
— Middle Chaparral Gulch (surface soil/sediment arsenic EPC is 294 mg/kg) 
— Lower Chaparral Gulch (surface soil/sediment arsenic EPC is 614 mg/kg 

and subsurface soil arsenic EPC is 1,491 mg/kg) 

The following exposure areas have cancer risk estimates greater than 1E-04 (i.e., the upper 
bound of the risk management range) for the adult/child recreational/trespasser and adult/child 
resident receptors.  These exposure areas did not have unacceptable risks for the 
commercial/industrial worker or construction worker exposure scenarios (see Table 6-14): 

• Iron King Mine – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   

— Iron King Mine Glory Hole (surface soil arsenic EPC is 131 mg/kg) 
— Iron King Mine Former Fertilizer Plant (subsurface soil arsenic EPC is 

160 mg/kg) 

The following exposure areas have cancer risk estimates greater than 1E-04 (i.e., the upper 
bound of the risk management range) for the adult/child resident receptor scenario.  These 
exposure areas did not have unacceptable risks for the commercial/industrial worker, 
construction worker, or adult/child recreational/trespasser exposure scenarios (see Table 6-14): 

• Iron King Mine – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   
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— Iron King Mine Operations Area – Miscellaneous (subsurface soil arsenic 
EPC is 49 mg/kg) 

• Humboldt Smelter – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   

— Impoundment-Pond - Humboldt Smelter (surface soil arsenic EPC is 
65 mg/kg) 

The following exposure areas have cancer risk estimates greater than 1E-04 (i.e., the upper 
bound of the risk management range) for the adult/child recreational/trespasser receptor scenario 
which was the only receptor group evaluated for these areas (see Table 6-14): 

• Waterways – Elevated concentrations of arsenic were located in a few hotspots that are 
detailed in Section 5 (see Section 5 Figures).  Although aquatic sediments posed an 
unacceptable risk, the associated surface water samples were either within or below the 
risk management range   

— Agua Fria (aquatic sediment arsenic EPC is 722 mg/kg) – surface water 
(arsenic EPC is 7.2 µg/L) cancer risks were below the risk management 
range of 1E-04 to 1E-06  
 

— Lower Chaparral Gulch Dam-Confluence (aquatic sediment arsenic EPC is 
1,620 mg/kg) – surface water (arsenic EPC is 118 µg/L) cancer risks were 
within the risk management range of 1E-04 to 1E-06  

6.7.2 Exposure Areas with Cancer Risks Between 1E-04 to 1E-06  

Arsenic in these exposure areas comprises most of the cancer risks (e.g., 99%) and noncancer 
hazards (e.g., 95%).  Because arsenic comprises most of the HI, only a slight exceedance of an 
HI of 1 denotes that a chemical-specific HI (i.e., for arsenic) also exceeds 1; therefore, a target 
organ analysis was not conducted.  In a typical exposure area, the incidental ingestion exposure 
pathway comprises approximately 80% of the cumulative cancer risk, dermal contact comprises 
approximately 18% of the cumulative cancer risk and inhalation of particulates/volatiles 
comprises the remaining fraction.  Percentages for noncancer hazards are similar.  Cancer risks 
and noncancer hazard estimates for this quantitative risk evaluation are presented in Table G-7s 
through G-10s in Appendix G. 

As described above, arsenic is the primary source of risk in all exposure areas. The following 
exposure areas have cancer risks estimates between 1E-04 to 1E-06 (i.e., the risk management 
range) for all four receptors (i.e., commercial/industrial worker, construction worker, adult/child 
recreational/trespasser, and adult/child resident (see Table 6-14): 

• Iron King Mine – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   

— Iron King Mine Mine Plant (subsurface soil arsenic EPC is 42 mg/kg) 
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— Iron King Mine Salvage Yard (surface soil arsenic EPC is 40 mg/kg) 

• Humboldt Smelter – Elevated concentrations of arsenic are fairly well distributed 
throughout the exposure area (see Section 5 Figures).   

— Humboldt Smelter Slag (subsurface soil arsenic EPC is 38 mg/kg) 
— Humboldt Smelter Operations Area (subsurface soil arsenic EPC is 

19 mg/kg) 
— Humboldt Smelter Off-site Migration (surface soil arsenic EPC is 32 mg/kg) 
— Humboldt Smelter Tailings Pile (subsurface soil arsenic EPC is 34 mg/kg) 

The following reference exposure areas (e.g., background areas) have cancer risk between 1E-04 
to 1E-06 (i.e., the risk management range) for most receptors (i.e., commercial/industrial worker, 
construction worker, adult/child recreational/trespasser, and adult/child resident).  However, 
some cancer risk estimates are greater than the risk management range of 1E-04 to 1E-06.  These 
risk estimates are provided for reference to make risk management decisions regarding 
background or ambient concentrations (see Table 6-14).   

In addition to the quantitative risk estimates based on EPC presented in the Table G-3s in 
Appendix G, Background Soil Type 1 through 3 were also subject to a sensitivity evaluation 
using the BTVs presented in Appendix B.  The BTVs were calculated as the 95% UPL for a 
single independent observation.  For a given metal, the BTV represents a threshold value that 
indicates the sample dataset is not consistent with background.  In other words, exceedance of a 
BTV indicates that the soil was considered significantly greater than background soil. 

• Waterways – Elevated concentrations of arsenic were located in a few hotspots that are 
detailed in Section 5 (see also Section 5 Figures).  

— Background Agua Fria (aquatic sediment arsenic EPC is 34 mg/kg and 
surface water arsenic EPC is 13.5 µg/L) 

— Background Chaparral Gulch  (surface soil/sediment arsenic EPC is 
37 mg/kg) 

— Background Galena Gulch (surface soil/sediment arsenic EPC is 25 mg/kg) 
 

• Off-site Soil – Includes residential, background, and ancillary properties 

— Background Soil Type 1 (surface soil arsenic EPC is 61 mg/kg) 
— Background Soil Type 2 (surface soil arsenic EPC is 17 mg/kg) 
— Background Soil Type 3 (surface soil arsenic EPC is 13 mg/kg) 
— Background Soil Type 1 - BTV (surface soil arsenic EPC is 91 mg/kg) 
— Background Soil Type 2 -  BTV (surface soil arsenic EPC is 26 mg/kg) 
— Background Soil Type 3 - BTV (surface soil arsenic EPC is 18 mg/kg) 
— Off-site Soil Background H1 (surface soil arsenic EPC is 32 mg/kg) 
— Off-site Soil Background H2 (surface soil arsenic EPC is 99 mg/kg) 
— Off-site Soil (surface soil arsenic EPC is 50 mg/kg and subsurface soil 

arsenic EPC is 30 mg/kg)  
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6.7.3 Residential-based Quantitative Screening Evaluation 

A residential-based quantitative screening evaluation was conducted for, ephemeral surface 
water, ground water and VOCs in soil. 

6.7.3.1 Surface Water Evaluation 

Cancer risks or noncancer hazards from ephemeral surface water locations (e.g., impoundment 
ponds) were evaluated in a residential-based quantitative screening evaluation.  The comparison 
is equivalent to a domestic use evaluation of water.  Although, this may not be indicative of 
actual exposure for surface water, it does provide a good point of comparison to evaluate 
potential risk.  

Surface water from the following exposure areas was compared to EPA Tap Water RSLs and 
MCLs to evaluate exposure.  All of the surface water exposure areas had cumulative risks greater 
than 1E-04, which is greater than the risk management range, due to elevated concentrations of 
arsenic.  In addition, all of the exposure areas had exceedances of EPA MCLs.  A summary of 
this evaluation is provided in Table 6-15.  The results for each exposure area are provided in 
Appendix G.    

• Impoundment-Pond - Iron King Mine Main Tailings Pile 
• Impoundment-Pond - Iron King Mine Mine Plant 
• Iron King Mine Small Tailings Pile 
• Upper Chaparral Gulch 
• Middle Chaparral Gulch 
• Lower Chaparral Gulch 
• Lower Chaparral Gulch Dam-Confluence 
• Galena Gulch 
• Agua Fria River 
• Background Agua Fria River 

 
It should be noted that the Lower Chaparral Gulch Dam – Confluence, Agua Fria River, and 
Background Agua Fria River had quantitative risks calculated for the adult/child 
recreational/trespasser scenario.  These risk estimates were either within or below the risk 
management range. 

6.7.3.2 Ground Water Evaluation 

Cancer risks or noncancer hazards from ground water were evaluated in a residential-based 
quantitative screening evaluation.  The comparison is equivalent to a domestic use evaluation of 
water.   

Ground water from 64 private and municipal wells was compared to EPA Tap Water RSLs and 
MCLs to evaluate exposure.  Please note that two ground water samples were collected from the 
Humboldt Water Company supply wells (i.e., GW-999951 and GW-999952).  These wells 



  EA Project No. 14342.34 
  Page 179 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

supply water to approximately 10% of the residents in the vicinity of the Site.  However, many 
of the residents obtain water from private wells. 

Most of the ground water locations had cumulative risks greater than 1E-04, which is greater 
than the risk management range, due to elevated concentrations of arsenic.  The remaining 
locations had cumulative risks within the risk management range of 1E-04 to 1E-06.  In addition, 
many of the exposure areas had exceedances of EPA MCLs.  A summary of this evaluation is 
provided in Table 6-16.  Location specific results are provided in Appendix G.  The distribution 
of arsenic in ground water is presented on Figure 5-51.   

6.7.3.3 Soil VOCs 

The inhalation of indoor air vapors from subsurface soil via vapor intrusion exposure pathway 
was evaluated using EPA Residential Soil RSLs for the inhalation pathway (EPA 2009b) (see 
Table 6-17.  This comparison will also be used to evaluate the inhalation of vapors in a trench for 
the construction worker exposure scenario. 

These values are for the protection of inhalation of VOCs from soil for the unrestricted reuse 
scenario (i.e., adult/child resident).  If inhaling VOCs directly from soil does not pose the 
potential for unacceptable risk, then it is unlikely that inhalation of vapors from soil through the 
vadose zone and indoor air would pose an unacceptable risk.  The soil gas to indoor air migration 
pathway has an attenuation factor of at least 0.1 (EPA 2002d).  Although there can be the 
buildup of vapors inside occupied structures, the air exchange rate of a typical building (e.g., 
0.25 per hour) would offset this phenomenon.  The results of this evaluation indicate that VOCs 
in soil do not pose a potential for unacceptable cancer risk because maximum concentrations are 
less than the EPA Residential Soil RSLs for the inhalation pathway, which are based on a 
carcinogenic risk of 1E-06.  Similarly, maximum concentrations of VOCs in soil are less than 
their respective noncancer EPA Residential Soil RSLs for the inhalation pathway, which are 
based on a HQ of 1. 

This comparison also provides evidence that the inhalation of vapors in a trench for the 
construction worker exposure scenario does not pose a potential unacceptable risk.  If there isn’t 
an unacceptable cancer risk or noncancer hazard from inhalation of vapors from soil for the 
unrestricted reuse scenario (i.e., adult/child resident), then it is unlikely to cause potential 
deleterious effects for a construction worker working in a trench.  Although there can be some 
build-up of vapors in a trench, this contribution is expected to be minor given that the 
concentrations of VOCs are low and even a slight wind causes a very high air exchange rate for 
vapors in a trench. 

A few analytes did not have EPA Residential Soil RSLs for the inhalation pathway.  It is unlikely 
that these VOC pose a potential unacceptable risk from these analytes because concentrations are 
below their respective EPA Residential Soil RSLs for the ingestion pathways.  The underlying 
assumption is that if there isn’t an unacceptable cancer risk or noncancer hazard from ingestion 
of soil, it is unlikely to cause potential deleterious effects if you simply inhale the vapors 
emanating from it. 
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6.7.4 Off-site Soil AOI Residential or Public Exposure Areas 

In September 2008 and April/May 2009, EPA sampled 45 privately owned, residential parcels 
and one elementary school playground throughout the Town of Dewey-Humboldt.  Sample 
locations were selected from parcels that were suspected of being impacted by historic mining 
and smelting operations (see Figures 5-46 through 5-51).  In addition, the data from the 2005 
Removal Assessment were incorporated into the evaluation (Ecology & Environment 2005).  
During the 2005 investigation, 17 privately owned, residential parcels were sampled.  Combining 
the two data sets formed a more robust dataset that allowed EPA to evaluate impacts to a greater 
portion of the residential and public areas.  Including data from the 2005 and 2008/2009 
sampling events, a total of 65 parcels were evaluated. 

The samples collected by EPA in September 2008 and April/May 2009 were analyzed for 23 
metals on the TAL Metals list, including lead and arsenic.  The samples collected during the 
2005 removal assessment were only analyzed for lead and arsenic.  

The Adult/Child Residential exposure scenario was evaluated for residential and public areas 
(i.e., the school).  Arsenic in these areas comprises most of the cancer risks (i.e. 99%) and 
noncancer hazards (i.e., 95%).  Because arsenic comprises most of the HI, only a slight 
exceedance of an HI of 1 denotes that a chemical-specific HI (i.e., for arsenic) also exceeds 1; 
therefore, a target organ analysis was not conducted.  In a typical residential area, the incidental 
ingestion exposure pathway comprises approximately 80% of the cumulative cancer risk, dermal 
contact comprises approximately 18% of the cumulative cancer risk and inhalation of 
particulates/volatiles comprises the remaining fraction.  Percentages for noncancer hazards are 
similar.  Cancer risks and noncancer hazard estimates for this quantitative risk evaluation are 
summarized in Table 6-18 and presented in Tables G-7s through G-10s in Appendix G.   

Twenty-two of the parcels have cancer risk estimates greater than 1E-04 for the adult/child 
resident exposure scenario (see Table 6-18 and Figure 6-2).  Arsenic, chromium, and cobalt were 
considered risk drivers (cancer risk estimate greater than 1E-06) in these areas.  The remaining 
43 parcels had cancer risks estimates between 1E-04 to 1E-06.  The Humboldt Elementary 
School playground has a cancer risk estimate between 1E-04 and 1E-06.   

Sixty-three of the 65 areas had a noncancer HI greater than 1 (see Table 6-18 and Figure 6-3).  
Of these, 11 had a noncancer HI greater than 10.  Arsenic, cobalt, and manganese were the most 
common noncancer hazard drivers (HI greater than 1) in these areas. 

It should be noted that most of the cancer risk and noncancer hazard for all residential parcels 
can be attributed to arsenic. Elevated levels of arsenic are found in soils throughout Arizona and, 
as expected, are found in the soils in and around the Dewey-Humboldt area. The estimated 
cancer risk for Background Soil Types 1 through 3 is between 1E-04 to 1E-06. The HIs are 
greater than 5 (see Table 6-14).   

Parcels with cancer risk estimates greater than 1E-04 or noncancer HIs greater than 10 were 
located in close proximity to the Iron King Mine, Humboldt Smelter, and/or the Middle 
Chaparral Gulch (see Figures 6-2 and 6-3).  The ambient air data indicates that particulates with 
elevated concentrations of COPCs (e.g., arsenic) migrate from the Iron King Mine and Humboldt 
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Smelter AOIs to the residential and public areas.  In addition, the near surface soils (i.e., 0 to 2 
inches bgs) in these parcels are impacted to a higher degree than the deeper soils (e.g., 10 to 12 
inches bgs).  This information demonstrates that the Iron King Mine and Humboldt Smelter 
AOIs are sources for particulates that migrate via ambient air and are transported via surface 
water runoff to residential and public areas.   

Finally, the cancer risk and noncancer hazard estimates for residential and public areas 
demonstrate that, while many parcels have been characterized, characterization of additional 
residential yards and public areas is necessary. Additional characterization (i.e., soil sampling) of 
parcels in the vicinity of the Iron King Mine and Humboldt Smelter AOIs would assist EPA in 
fully evaluating impacts to the residential and public areas.  A general outline of areas EPA 
recommends for sampling are provided in Section 8.  

6.7.5 Lead Exposure 

Lead modeling was conducted using the DTSC Lead Spread model to estimate 99th percentile 
preliminary remediation goals (PRGs) for the child resident, adult resident, and 
commercial/industrial exposure scenarios (see Table 6-19).  These PRGs are considered 
screening levels, and are used to evaluate potential harmful effects to human health from 
exposure to air, soil, ground water, and produce containing lead.  Two PRGs are presented for 
the residential adult and child scenarios, one with and one without the ingestion of produce 
pathway.  The PRG with produce is applicable to areas where people live and may grow their 
own produce. Where produce is not cultivated (e.g., industrial or commercial areas) the PRG 
without produce is appropriate.  

Soil EPCs for each of the exposure areas are presented in conjunction with the results in Table 6-
19.  The ambient air lead EPCs were the 95%UCLs derived from the air monitoring samples 
collected in the vicinity of the Site.  For exposure areas near the Humboldt Smelter, data from 
the air monitoring stations near the Humboldt Smelter were used to determine the EPC.  A 
similar methodology was used for the Iron King Mine and Background exposure areas.  For the 
residential and public areas, the 95%UCL from all of the air monitoring stations (a.k.a. Site) was 
used because it is possible that exposure to ambient air could occur from the particles migrating 
from the eastern (i.e., Humboldt Smelter), western (i.e., Iron King Mine), or southern (i.e., 
Background) parts of the Site.  A ground water lead concentration of 7.5 µg/L was used. This 
was the highest concentration collected from the municipal wells that supply drinking water to 
the Town of Dewey-Humboldt.  The remaining parameters were model defaults or were the 
receptor-specific exposure parameters presented in the exposure assessment.   

The Lead Spread model results are presented in Table 6-19.  The results from the Iron King 
Mine, Humboldt Smelter, and Waterway AOIs indicate that all but eight parcels have lead in soil 
that exceeds the residential child PRG with the produce pathway.  All but nine parcels have a 
residential child PRG exceedance without the produce pathway.  The residential child PRG is 
more stringent than the residential adult PRG as children are more susceptible to effects from 
lead due to their higher dose to body weight ratio. Therefore, by comparing the data using the 
residential child PRG, EPA is conducting a more health-protective evaluation.  Only 12 exposure 
areas have lead in soil that exceeds the commercial/industrial PRG.   
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Sixty-five exposure areas were sampled from privately owned, residential parcels and the 
elementary school playground in the Town of  Dewey-Humboldt.  Thirty-seven parcels have lead 
in soil that exceeds the residential child PRG with the produce pathway.  Twenty-nine parcels 
have a residential child PRG exceedance without the produce pathway.  Only Off-site Soil Area 
120 has lead in soil that exceeds the commercial/industrial PRG.  Although future 
commercial/industrial exposure is unlikely for this parcel, this lead exceedance does demonstrate 
that there is an elevated concentration of lead in soil. The maximum concentration of 18,100 
mg/kg is considered an outlier that is likely associated with lead-based paint residue.  Additional 
characterization of this parcel may be warranted to determine the source lead.   

It should be noted that the exposure areas with residential child PRG exceedances were located 
in close proximity to the Iron King Mine and Humboldt Smelter AOIs, or the Middle Chaparral 
Gulch (see Figure 6-4).  The ambient air data indicates that particulates with elevated 
concentrations of COPCs (e.g., lead) migrate from the Iron King Mine and Humboldt Smelter 
AOIs to the residential and public areas.  In addition, the near surface soils (i.e., 0 to 2 inches 
bgs) of these parcels are impacted to a higher degree than the deeper soils (e.g., 10 to 12 inches 
bgs).  This information demonstrates that the Iron King Mine and Humboldt Smelter AOIs are 
sources for particulates that migrate via ambient air and are transported via surface water runoff 
to residential and public areas. 

6.7.6 Sulfate in Ground Water          

Exposure to sulfate in drinking water was evaluated using the secondary MCL of 250 mg/L or 
250,000 µg/L, which is based on taste and odor.  The health-based advisory value of 500 mg/L 
or 500,000 µg/L will protect against sulfate’s laxative effects in the absence of high 
concentrations of other osmotically active chemicals (e.g., potassium) in the water (EPA 2003d).   

The ground water concentration in residential drinking water well GW-999945 (see Figure 5-55), 
which is downgradient of the Iron King Mine AOI, is 1,100,000 µg/L.  This concentration is 
greater than the health-based advisory value of 500,000 µg/L to protect against sulfate’s laxative 
effects.  It should be noted that other osmotically active chemicals (e.g., potassium) were also 
present.  This evaluation demonstrates that there is a potential for negative effects associated 
with drinking water from well GW-9999945 that contains elevated concentrations of sulfate.  
Additional characterization of the sulfate in ground water is necessary to define the extent of 
sulfate impacts. 

6.7.7 Quantitative Risk Evaluation of Ambient Air Data 

Inorganic concentrations in ambient air were collected by stationary air samplers to evaluate 
contributions from the Humboldt Smelter and Iron King Mine.  However, stationary air samplers 
were not set up in all exposure areas (e.g., Iron King Mine Salvage Yard).  Therefore, to account 
for lack of ambient air data for all exposure areas, an estimate of soil particulate migration into 
air was estimated. Particulates can be carried from soil to air via wind erosion. This estimate of 
soil particulate migration into air is referred to as the particulate emission factor (PEF).  Thus, 
the air dataset consists of both data from the air samplers (air EPCs) and from estimates of soil 
particulates migration into air via wind erosion (PEFs). A comparison of ambient air EPCs with 
the PEFs are presented in Table 6-20.    
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Although arsenic, cadmium, and a few other inorganics have a good correlation between the 
ambient air EPC and the estimated PEF, many of the inorganics do not.  Generally, the estimated 
PEF values are lower than those found in ambient air data.  This is likely due to an 
underestimation of the PEF for some inorganics because the Site is arid, windy, and subject to 
high wind events, which transport particulates from soil downwind (see also Section 5.7). 

Results of this evaluation indicate that chromium may be underestimated by the use of the PEF 
instead of using direct ambient air measurements using air samplers.  The EPC for inhalation of 
chromium in the Iron King Mine Main Tailings Pile using a PEF was 1.8E-05 µg/m3.  However, 
the ambient air EPC calculated from the air sampling data, was 2.6E-02 µg/m3.  This led to a 
three order of magnitude change in the cancer risk estimates for the inhalation pathway.  This 
same underestimation was not apparent for arsenic, where the EPC for inhalation of arsenic in 
the Iron King Mine Main Tailings Pile using a PEF was 5.8E-03 µg/m3 and the ambient air EPC 
was 4.6E-03 µg/m3. These estimates are considered within the margin of error for data 
measurements.  This phenomenon is repeated in the other ambient air stations (e.g., Humboldt 
Smelter), where chromium concentrations are elevated in air samples compared to the PEF.  

In order to evaluate potential exposure to ambient air, a sensitivity evaluation was conducted for 
all four exposure scenarios using the ambient air data from air monitoring stations at the Iron 
King Mine, Humboldt Smelter, Background Location, Humboldt In-Town, as well as a site-
wide/combined data set that incorporates data from all stations  (see Table 6-21).  This table 
presents the cancer risk and noncancer hazard estimates for exposure to ambient air via the 
inhalation pathway, excluding the ingestion and dermal contact pathways.   

Cancer risks from exposure to ambient air (including background ambient air) are between 1E-
04 to 1E-06 or are often greater than 1E-04.  The ambient air data shows that there is inherent 
risk from background contributions of particulates in ambient air (i.e., there are risks associated 
with exposure to air that has not been impacted by the Site).  In addition, the ambient air data 
demonstrate that there risks from exposure to air that has been impacted by the Site.  Also, the 
estimated cancer risk from background ambient air for the residential adult/child scenario (8E-
05) is slightly greater than for the Site (4E-05), but is likely within the margin of error for data 
measurements.  

Arsenic and chromium in ambient air were the cancer risk drivers (i.e., chemical-specific cancer 
risk greater than 1E-06) for all of the ambient air groupings (i.e., Iron King Mine, Humboldt 
Smelter, Background Location, Humboldt In-Town, as well as a site-wide/combined data).  
Although arsenic concentrations in ambient air are the highest at the Iron King Mine (i.e., 4.6E-
03 µg/m3), chromium concentrations are the highest at the Humboldt Smelter (2.6E-02 µg/m3) 
(see Table 6-20).  These partially off-setting maximum concentrations lead to similar cancer risk 
estimates; the adult/child resident cancer risk estimates were 1E-04 at the Iron King Mine and 
3E-04 at the Humboldt Smelter.  Ambient air EPCs are presented in Table 6-20 and in Table G-
3s in Appendix G along with quantitative risk estimates (see Table G-7s in Appendix G).   

6.7.8 Cumulative Risk Evaluation 

This cumulative risk evaluation includes a quantification of the combined risks to a typical 
resident from multiple matrices (i.e., soil, ambient air, and ground water).  By summing the risks 
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from these three matrices, the cumulative risk to a typical resident can be evaluated and the 
relative contribution of each matrix (e.g., soil, ambient air, and ground water) can be determined.   

The cancer risks and noncancer hazard estimates for the soil and ambient air (see Table 6-22) 
were based on estimates presented in Table 6-14 for soil and Table 6-21 for ambient air.  The 
ground water cancer risk and noncancer hazard estimates were based on a typical scenario 
presented in Table 6-16, but is not specific to any one area of the Site.   

The cumulative risk evaluation included five soil exposure areas that were typical for a resident 
at the Site (see Table 6-22).  These five soil exposure areas included Background Soil Types 1 
through 3, an average of Background Soil Types 1 through 3, and residential soil from sample 
OFS-121-8.  These groupings were chosen because the exposure to background soil is a good 
measure of the cumulative risk in the absence of contamination from source areas of the Site 
(e.g, the Iron King Mine and Humboldt Smelter AOIs). This is the risk that might be expected if 
the Iron King Mine and Humboldt Smelter did not exist.  The residential soil from sample OFS-
121-8 was chosen because it had an arsenic concentration of 80 mg/kg and was considered 
typical for many of the residential properties near the Iron King Mine and Humboldt Smelter 
AOIs.   

The cumulative cancer risks and noncancer hazard estimates for the four background exposure 
areas are very similar (see Table 6-22).  All of the cancer risks are greater than 1E-04.  Note that 
Background Soil Type 1 has the highest concentration of arsenic in soil as well as the highest 
cumulative cancer risk; although the cumulative cancer risk from Background Soil Type 1 (i.e., 
3E-04) is not that much higher than from the other three background exposure areas (i.e., 2E-04).  
The cumulative noncancer hazard estimates are very similar and range from 9 to 10 for the 
background exposure areas. 

The cumulative cancer risks from sample OFS-121-8, which was considered typical for many of 
the residential parcels near the Iron King Mine and Humboldt Smelter AOIs, was very similar to 
the other background exposure areas (see Table 6-22).  In fact, the cumulative risk from sample 
OFS-121-8 (i.e., 3E-04) is indistinguishable from a risk perspective from Background Soil Type 
1 (i.e., 3E-04) and is considered within the margin of measurement error.  This evaluation 
demonstrates the importance of background to the overall discussion of risk estimates.   

The contribution of ground water to the cumulative cancer risk and noncancer hazard estimates 
was identical for all of the exposure areas and generally contributed one-third to one-half of the 
cumulative total risk.  Therefore, ground water is less of importance to the discussion of 
cumulative risk.   

The contribution from ambient air generally comprised about one-tenth of the cumulative risk.  
Because the contribution to cumulative risk from ambient air comprises a small amount of the 
total and the site cancer risk is similar to that of background, it is less important to the discussion 
of cumulative risk.  The contribution of soil to the cumulative risk is significant (cancer risk from 
4E-05 to 2E-04) and varies an order of magnitude.   

This evaluation not only demonstrates the importance of background to the overall discussion of 
risk estimates, but also demonstrates that soil is the most important factor.  Because Background 
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Soil Type 1 (i.e., BgD) is interpreted as being the dominant soil type at the Iron King Mine, 
Humboldt Smelter, and Off-site Soil Areas of Interest, additional samples will be collected from 
this soil type to ensure this soil type has been fully characterized. 

6.7.9 Qualitative Evaluation of Ingestion of Homegrown Produce 

Ingestion of homegrown produce was evaluated qualitatively for the residential exposure 
scenario because the assessment of indirect exposure via soil uptake of contaminants is subject to 
a large degree of uncertainty because homegrown produce uptake rates vary by species, variety, 
exposure medium, growing conditions, etc.  Also, it is possible that analytes may be transferred 
to the surface of homegrown produce during growth/harvest of the produce or through 
depositional activities caused by the wind or rain; however, this material is likely to be cleaned 
from the surface of the homegrown produce during food preparation.   

A handful of residents informed EPA about personal gardens in the Dewey-Humboldt area.  A 
few residents were observed growing produce on their properties during the EPA RI field 
investigation. However, it is not likely that gardeners are using native soil as a growing substrate 
due to its lack of organic matter.  Also, the risks associated with the potentially complete 
pathways (e.g., incidental ingestion) contribute more significantly to the cumulative risk 
estimates.  Therefore, this exposure pathway was considered potentially complete but 
insignificant.  It should be recognized that lead was evaluated for the ingestion of homegrown 
produce pathway using the DTSC LeadSpread model (DTSC 1999). 

Research on gardens has been conducted extensively since the 1970's and provides the 
foundation for evaluating metals in garden soil.  Plants absorb various metals from soils to levels 
related to the metal’s properties, soil properties (pH, element level in soil, organic matter, etc. ) 
and plant properties (plant age, species, type of crop edible portion [e.g., leafy plant, root 
vegetable, or garden fruit]).  

All plants contain some small amounts of arsenic (Kabata-Pendias et al 2001).  Edible portions 
of plants seldom accumulate high concentrations of arsenic; however, both mushrooms and rice 
can have high levels (Walch et al 1977, Byrne and Tusek-Znidaric 1983, Signes-Pastor et al 
2008).  Most backyard vegetables plants are sensitive to arsenic in soil and will either be killed 
or severely stunted long before the arsenic concentrations in the vegetables reach concentrations 
that pose a health risk (Walch et al 1977 and Chaney et al 1984).  Plants vary in the amount of 
arsenic they absorb from the soil and where they store the arsenic.  Fruit bearing plants (e.g., 
tomatoes) concentrate arsenic in the roots and very little in the edible portions (Woolson 1973 
and Burlo et al 1999).  Leafy vegetables store arsenic in the roots, but some is also stored in the 
stems and leaves.  Lettuce and other green leafy vegetables such as collards, kale, mustard, and 
turnip greens store more arsenic in the leaves (Cobb et al 2000).  Root crops such as beets, 
turnips, carrots, and potatoes absorb most of the arsenic in the skin surface.   Therefore, by 
peeling the skins of the root crops, one can eliminate the portion of the plant that contains arsenic 
(Helgesen and Larsen 1998 and Munoz et al 2002).  

6.7.10 Qualitative Evaluation of Non-Residential Exposure for the Off-Site Soil AOI 

The Off-site Soil AOI was quantitatively evaluated for adult/child resident exposure scenario via 
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the following soil exposure pathways:   

• Incidental ingestion of surface soil 
• Dermal contact with surface soil 
• Inhalation of chemicals adsorbed to windblown surface soils. 

The calculation of numerical cancer risks and noncancer hazard estimates for the adult/child 
residential exposure scenario were presented in Table 6-18.  The remaining exposure scenarios 
(i.e., commercial/industrial worker, construction worker, and adult/child recreational/trespasser) 
are unlikely to occur because the current and likely future exposure scenario is residential.  Also, 
the residential exposure scenario represents the unrestricted reuse scenario, so remedial decisions 
for the Off-site Soil AOI exposure areas will be based on the maximum exposure scenario that is 
likely to occur.  Cancer risk and noncancer hazard estimates for exposure to surface soil in the 
Off-site Soil AOI for the non-residential receptors would be would be lower, indicative of 
exposure.  

6.7.11 Community Outreach Materials 

Appendix I contains a variety of documents and outreach materials meant for the general public, 
which is discussed in Section 9.  This Appendix also includes information regarding the 
protection of human health as follows: 

• Drinking water from household wells 
• Arsenic in drinking water 
• Water treatment options 
• Public health statements on arsenic, lead, and sulfate 
• Safe gardening practices 
• Local, state, and federal environmental resources and contact information. 

6.8 UNCERTAINTY EVALUATION 

The objective of the uncertainty analysis, as defined by EPA (EPA 1989, 1992), is to provide the 
appropriate decision-makers with a summary of those factors that significantly influence the risk 
results, evaluate their range of variability, and assess the contribution of these factors to the 
potential underestimation or overestimation to total cancer risk and noncancer hazards or overall 
HHRA results.   

EPA defines uncertainty as:  

“…a lack of knowledge about specific factors, parameters or models” including 
“parameter uncertainty (measurement errors, sampling errors, and systematic errors), 
model uncertainty (uncertainty associated with necessary simplification of real-world 
processes, misspecification of the model structure, model misuse, use of inappropriate 
surrogate variables), and scenario uncertainty (descriptive errors, aggregation errors, 
errors in professional judgment, incomplete analysis).”  
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Variability is defined as observed differences attributable to true heterogeneity or diversity in a 
population or exposure parameter.  Variability is the result of natural random process, such as 
variations in body weight, breathing rate, or drinking water rates.  Although variability cannot be 
reduced by further study, it may be better characterized by further measurements.  However, this 
uncertainty analysis does not change the quantitative risk characterization results.   

Sources of uncertainty include the following: 

• Site characterization data 
• Selection of COPCs 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization.  
  

These uncertainties result in either over- or under-estimation of actual risks, depending on the 
specific factor.  In general, the risk assessment process is based on use of conservative (health-
protective) assumptions that, when combined, are intended to overestimate actual risk; however, 
a small possibility exists that risks were underestimated.  Potential areas of greatest uncertainty 
for HHRA are discussed in the following paragraphs. 

6.8.1 Site Characterization Data 

Site characterization data included ambient air, ground water, surface water, surface and 
subsurface soil, and sediment.  Selecting representative sampling locations and collecting a 
sufficient number of samples determines the success of characterizing a contaminated site.  It 
was important that the data collected during the EPA RI field investigation was suitable and 
sufficient to evaluate the following RI components: source identification, nature and extent 
determination, migration pathway evaluation, and risk characterization.    

To satisfy these sampling goals, both random-start systematic grid VSP (Pacific Northwest 
National Laboratory 2007) sample locations and biased/judgmental sample locations were 
selected.  The biased/judgmental sample locations were selected based on historical site evidence 
(e.g., photographic documentation, previous sampling results, input from site stakeholders, etc.) 
or visual cues during the Site reconnaissance.  

An evaluation of spatial distribution and sample density is an inexact science that is often subject 
to opinion and conjecture.  Datasets inherently have some level of uncertainty with regards to the 
representativeness of the characterization.  Although the level of uncertainty varies from area to 
area, the acceptable level of uncertainty is often individualistic.  Essentially, there is a delicate 
balance between expending additional effort to characterize an area and the necessity for 
additional data to reduce uncertainty in the dataset.   

To evaluate the robustness of the dataset, all of the data collected during the EPA RI field 
investigation were included in this evaluation.  Two criteria were utilized in a semi-quantitative 
weight-of-evidence evaluation:   
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• Is sampling sufficient to: (1) determine the nature and extent of contamination; 
(2) calculate an exposure point concentration for risk assessment; and (3) evaluate 
whether COPCs are greater than background?  The SAP (EA 2008c) states that statistical 
approaches will be consistent with EPA guidance, including ProUCL 4.0 User Guide 
(Singh, Singh, and Maichle 2007).  This guidance recommends that a minimum of 8 to 10 
samples is necessary for a dataset.  Of the datasets presented in Appendix A, the 
following datasets did not meet the criteria:    

o Iron King Mine Glory Hole (6 surface soil samples):  The surface soil in this area 
is mostly fill/cover material, so a lower sample density is considered acceptable.  

o Subsurface Soil Samples:  Samples were collected in areas where subsurface soil 
concentrations required delineation (e.g., Iron King Mine Main Tailings Pile) or 
potential source identification/characterization (Iron King Mine Glory Hole).  A 
lower sample density was considered acceptable because materials tended to be 
consistent from the ground surface to depth (e.g., Iron King Mine Main Tailings 
Pile or Lower Chaparral Gulch).  The exception occurred in those few areas   
(e.g., Iron King Mine Glory Hole or Iron King Mine Former Fertilizer Plant) 
where subsurface soil borings were used to search for potential sources of 
contamination.   

o Surface Water:  Surface water samples were scheduled to be collected with 
sediment samples.  However, surface water for much of the Site (except for the 
Lower Chaparral Gulch Dam-Confluence and Agua Fria River) is very transient 
and has a low residence time.  Therefore, a lower sample density was considered 
acceptable because surface water samples could not be collocated with sediment 
samples in many areas. 

• Is the spatial distribution and sample density adequate to evaluate the nature and extent of 
contamination and complete the migration pathway analyses?  The evaluation also 
requires some professional judgment and is largely a weight-of-evidence evaluation.  To 
evaluate these criteria, the concentrations of primary COPCs (e.g., lead and arsenic) were 
plotted on figures and evaluated for spatial distribution and sample density.  An 
evaluation of the spatial distribution or sample density for each exposure area was 
conducted and the data were considered sufficient (EA 2009b). 

Due to the robustness of the datasets, site characterization data are not considered a significant 
source of uncertainty. 

6.8.2 Selection of Chemicals of Potential Concern 

The selection of COPCs was consistent with guidelines presented in RAGS Part A (EPA 1989b).  
Risk assessment guidance allows for the elimination of chemicals based on detection frequency, 
comparison to screening levels, background statistical evaluation, etc.  However, these 
restrictions were not incorporated into this HHRA because the number of detected analytes was 
relatively small.  The only restriction used in the selection of COPCs was the removal of four 
inorganics (i.e., calcium, magnesium, sodium, and potassium) that are considered essential 
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nutrients by EPA (EPA 1989b).  The removal of essential nutrients does not affect the 
protectiveness of the HHRA and is not considered a significant source of uncertainty. 

6.8.3 Exposure Assessment 

Uncertainties were identified in association with five areas of the exposure assessment process:  
(1) the selection of exposure scenarios, (2) the selection of exposure pathways, (3) the estimation 
of EPCs, (4) the selection of exposure variables used to estimate chemical intake, and (5) the 
uncertainty in LeadSpread modeling. 

6.8.3.1 Exposure Scenarios  

The exposure assessment relies on current and predicted future land use and the parameters that 
are available to estimate the magnitude and duration of exposures associated with those land 
uses.  In many cases, the land uses are known to be residential; however, the range of exposure 
parameters available could lead to a wide range of risk estimates.  In general, a residential 
exposure assessment is considered the most conservative assessment because it involves the 
longest and most extensive contact with environmental media at a site. 
 
Exposure scenarios were identified based on observed and assumed land use and activity that may 
occur at the Site.  To the degree that actual land use and activity patterns are not represented by 
those assumed, uncertainties are introduced.  For this reason, several exposure scenarios were 
evaluated in this HHRA.  The exposure scenarios included the current land use as well as 
hypothetical alternative land uses for exposure areas.  The exposure scenarios evaluated in this 
HHRA are as follows: 

• Commercial/Industrial Workers – Under this exposure scenario, it was assumed that 
portions of the Site would be developed to accommodate a light industrial or 
commercial facility.  

• Construction Workers – Under this exposure scenario, construction workers were 
assumed to be engaged in site redevelopment activities. 

• Recreational/Trespasser Receptors – Under this exposure scenario, it was assumed 
that recreationalists or trespassers would routinely visit. 

• Residential Receptors – Under this exposure scenario, it was assumed that residential 
exposure would occur via the current use or due to new residential development. 

It is unlikely that residential exposure will occur for commercial/industrial portions of the Site 
(e.g., Iron King Mine Mine Plant).  Despite their unlikelihood, alternate land use scenarios were 
evaluated in this HHRA so that health risk estimates generated in this document can be 
considered applicable for an unrestricted land use.  The evaluation of exposure scenarios that are 
unlikely to occur for some exposure areas ensures the protectiveness of the HHRA and is not 
considered a significant source of uncertainty. 
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6.8.3.2 Selecting Exposure Pathways  

The exposure pathways quantified in this risk assessment were identified on the basis of the 
CSM, relevant site characterization data, and contaminant fate and transport considerations.  To 
the extent that these factors may not accurately predict the migration of contaminants within and 
from the area, uncertainty is introduced into the exposure assessment.  

Inhalation of chemical vapors volatilized from soil to outdoor air within a trench was considered 
a potentially complete exposure pathway for the construction worker scenario.  This pathway 
was evaluated via a quantitative evaluation screen using EPA Residential Soil RSLs for the 
inhalation pathway (EPA 2009b).  The evaluation was conducted without adjusting for reduced 
air mixing and dispersion of contaminants that would be expected within a trench.  However, the 
significance of this uncertainty is negligible because VOC concentrations in soil were low.  In 
addition, the risks associated with other pathways (e.g., incidental ingestion of soil) contribute 
more significantly to the cumulative risk estimates.    

Inhalation of chemical vapors volatilized from soil to indoor air was considered a potentially 
complete exposure pathway for all the commercial/industrial worker and residential exposure 
scenarios.  This pathway was evaluated via a quantitative evaluation screen using EPA 
Residential Soil RSLs for the inhalation pathway (EPA 2009b).  The evaluation of soil 
volatilization to indoor air is not recommended by the EPA Guidance for Evaluating the Vapor 
Intrusion to Indoor Air Pathway from Groundwater and Soils (Subsurface Vapor Intrusion 
Guidance) given the “large uncertainties associated with measuring concentrations of volatile 
contaminants introduced during soil sampling, preservation, and chemical analysis, as well as the 
uncertainties associated with soil partitioning calculations” (EPA 2002a).  However, the 
significance of this uncertainty is negligible because VOC concentrations in soil were low and 
the risks associated with other pathways (e.g., incidental ingestion of soil) contribute more 
significantly to the cumulative risk estimates.   

Exposure to surface water from ephemeral locations (e.g., impoundment ponds) was evaluated 
using EPA Tap Water RSLs and MCLs (EPA 2009b).  These criteria do not account for the 
dermal contact pathway.  Although this pathway may be potentially complete, it is not included 
as part of the quantitative evaluation screen due to its inherent uncertainty that includes uptake 
(e.g., uptake across the skin membrane).  Too many analytes were outside of the EPA Superfund 
Dermal Risk Assessment Guidance's Effective Predictive Domain (EPA 2004b) to include a 
dermal permeability constant in the EPA Tap Water RSLs.  This source of uncertainty is 
considered negligible because the risks associated with other pathways (e.g., incidental 
ingestion) contribute more significantly to the cumulative risk estimates. 
 
Ingestion of homegrown produce was considered a potentially complete but insignificant 
pathway because few residences grew produce on their properties.  In addition, residences were 
not likely to use the native soil as a growing substrate; homegrown produce is typically cleaned 
during food preparation; and the assessment of indirect exposure via vegetable uptake of COPCs 
(e.g., arsenic) is subject to a large degree of uncertainty because homegrown produce uptake 
rates vary by species, variety, exposure medium, growing conditions, etc.  It should be 
recognized that lead was evaluated for the ingestion of homegrown produce pathway using the 
DTSC LeadSpread model (DTSC 1999).  This source of uncertainty is considered negligible 
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because the risks associated with other pathways (e.g., incidental ingestion) contribute more 
significantly to the cumulative risk estimates.   

Exposure to indoor dust that may have migrated indoors from outdoor soil/sediment via ambient 
air migration was not quantitatively evaluated in the HHRA.  Nevertheless, the adult/child 
residential exposure scenario had an exposure time of 24-hours for the inhalation of particulates 
exposure pathway.  This 24-hour exposure time would account for potential inhalation of indoor 
dust because it assumes that a receptor is breathing particulates in ambient air (i.e., outdoor 
particulates or indoor dust) for the entire day (i.e., 24-hours).  Therefore, the exposure scenario is 
considered protective of the time that a resident spends indoors, where exposure to dust rather 
than exposure to outdoor soil from particulates might occur.   

6.8.3.3 Estimating Exposure Point Concentrations  

The sample collection strategy was designed as a purposive investigation, whereby most samples 
were collected in areas of suspected or known contamination.  The primary objective of this 
sampling effort was to define the nature and extent of contamination.  The EPCs based on these 
nonrandom soil samples that targeted impacted areas are likely to overestimate the 
concentrations at the exposure point as well as the actual dose to the receptor. 

The methods used to calculate EPCs are detailed in ProUCL 4.0 User Guide (Singh, Singh, and 
Maichle 2007).  A 95% UCL was calculated using ProUCL 4.0 Statistical Software.  The lower 
of the 95% UCL and the maximum concentration was used as the EPC.  Statistical estimations 
for data sets with a low number of samples lack statistical power and cannot be confidently 
estimated (EPA 2000).  The maximum detected concentration was therefore used as the EPC for 
these data sets.  Similarly, an EPC estimated from a data set with a large percentage of nondetect 
results may be biased, thereby skewing the 95% UCL estimation because of the large percentage 
of nondetect concentrations in the data set.  To eliminate this potential bias, the maximum 
detected concentration was used as the EPC.  Using EPA software to determine 95%UCLs is not 
likely to over- or underestimate risk estimates.  However, the selection of the EPC, which 
sometimes leads to using the maximum detected concentration, tends to overestimate the risks 
because it is unlikely that a receptor would be exposed to the maximum detected concentration 
over time. 

6.8.3.4 Selecting Exposure Variables 

The exposure variables used to estimate chemical intake are standard upperbound estimates. 
Default exposure parameters may be biased high to ensure protectiveness, rather than 
underpredicting unforeseen human health exposure.  In general, considerable variation may 
occur in the activity patterns and physiological response of individuals.  It is possible that the 
exposure parameters used in this evaluation do not represent actual exposure conditions, but it is 
not likely that the selection of exposure parameters leads to an underestimation of exposure.  The 
exposure parameters requiring “professional judgment” were selected to represent the likely 
RME and were either based on interviews with residents in the vicinity of the Site or were used 
at other Superfund sites in Arizona.   
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6.8.3.5 Uncertainty in LeadSpread Modeling 

Estimating exposures to lead and characterizing effects associated with these exposures required 
the use of the California DTSC’s LeadSpread model (DTSC 1999) to predict complex 
biochemical processes.  This model incorporates simplified representations of receptor-specific 
lead biokinetics (the study of movements of or within organisms).  The extent to which this 
model does not accurately reflect actual lead biokinetics represents an uncertainty associated 
with the lead exposures and effects estimated using this model. 

6.8.4 Toxicity  

The primary uncertainties associated with the toxicity assessment are related to derivation of 
toxicity values for chemicals   Standard RfDs and SFs developed by either the EPA, ATSDR, 
OEHHA, or other recognized source were used to estimate potential cancer and noncancer health 
effects.  The toxicity values used in this risk assessment are the same as those used to derive the 
EPA RSLs, so the uncertainty associated with their selection should be negligible.   

Toxicity values are derived by applying conservative (health-protective) assumptions and are 
intended to protect the most sensitive potentially exposed individuals.  To derive the toxicity 
values, several assumptions are made that tend to overestimate the actual hazard or risk to human 
health.  Because data from human studies are generally unavailable, the RfDs are typically 
derived from animal studies.  Uncertainty factors and modifying factors are then applied to the 
data from animal studies to ensure that the RfDs are adequately protective of human health.  For 
many compounds, this approach is anticipated to result in an overestimated potential for 
noncancer adverse health effects. 

Derivation of SFs used to estimate cancer risk is also typically based on data from animal 
studies.  These data are taken from studies in which high doses of a test chemical were 
administered to laboratory animals, and the reported response is extrapolated to the much lower 
doses to which humans are likely to be subjected.  Few experimental data are available on the 
nature of the dose-response relationship at low doses (for example, a threshold may exist or the 
dose-response curve may pass through the origin).  Because of this uncertainty, EPA has 
selected a conservative model to estimate the low-dose relationship, and EPA uses an 
upperbound estimate (typically a 95%UCL of the slope predicted by the extrapolation model) as 
the SF.  With this SF, an upperbound estimate of potential cancer risks is obtained. 

A second uncertainty associated with toxicity values is the unavailability of RfDs or SFs for all 
chemicals at a site.  The cancer risks and noncancer health hazards can be assessed only for those 
chemicals for which the relevant toxicity values are available.  For organic chemicals  for which 
a SF or an RfD was available for only one route of exposure, route-to-route extrapolations were 
made.  These extrapolations will introduce some uncertainty into the risk and hazard estimates.  
Further, the use of oral toxicity values to assess the dermal pathway introduces additional 
uncertainty into the results; risks may be overestimated or underestimated using this approach. 

A third source of uncertainty is the selection and use of surrogates for toxicity criteria.  The 
surrogates selected for use in the HHRA were all very closely structurally related to the 
contaminants they were chosen to represent.  A lack of a toxicity criterion would otherwise 
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remain a data gap.  The degree of uncertainty contributed by the use of surrogates in this manner 
is unknown but is not expected to result in significant underestimates of risk. 

The uncertainty associated with the evaluation of the toxicity of lead is unique.  no SFs or RfDs 
are currently available for lead.  In the absence of any EPA-published toxicity values for lead, it 
is currently not possible to perform a quantitative risk estimate for lead exposures using standard 
risk assessment methodology.  Instead, blood-lead level modeling is employed using the DTSC 
LeadSpread model (DTSC 1999).  The uncertainties associated with the model were detailed 
above.  However, the use of the DTSC LeadSpread model to evaluate potential toxicity is a 
standard practice.   

Because toxicity criteria are intended to protect the most sensitive potentially exposed 
individuals, the protectiveness built into to the derivation of toxicity values may tend to 
overestimate the risks for the average receptor. 

6.8.5 Risk Characterization  

Standard EPA methodologies were used for the risk characterization step.  Using these methods, 
the risks from exposure to multiple carcinogens were added to estimate the total cancer risk 
associated with exposures.  The underlying assumption with this approach is that the risks from 
carcinogens with different target organs are additive.  This assumption contributes to the 
uncertainty in the risk assessment and may result in underestimated or overestimated risks, 
depending on whether there are synergistic or antagonistic interactions between the site 
chemicals.  Because information on such interactions is generally not available, possible 
interactions were not evaluated in this HHRA. 

6.8.6 Uncertainty Summary  

Virtually every step in the HHRA process requires numerous assumptions, all of which 
contribute to uncertainty in the risk evaluation.  In the absence of empirical data (i.e., data 
derived from experiment or observation rather than theory) or site-specific data, assumptions are 
developed based on best estimates of data quality, exposure parameters, and dose-response 
relationships.  To assist in the development of these estimates, EPA provides guidelines and 
standard default exposure factors to be used in HHRAs.  The use of these standard factors is 
intended to promote consistency among risk assessments where assumptions must be made.  
However, their usefulness in accurately predicting risk depends on their applicability to the site-
specific conditions.  It is likely therefore, that the net effect of all the assumptions yields a 
conservative estimate of cancer risk and noncancer hazard.  In other words cancer risks and 
noncancer hazards are more likely than not to be overestimated. 

6.9 HUMAN HEALTH RISK ASSESSMENT CONCLUSIONS 

The HHRA evaluated the Site for potential cancer risks and noncancer hazards from soil, 
sediment, surface water, ground water, and ambient air.  Most of exposure areas within the Iron 
King Mine, Humboldt Smelter, and Waterway AOIs had cancer risk greater than 1E-04 or 
noncancer hazards greater than 1 for all four categories of receptors (i.e., commercial/industrial 
worker, construction worker, adult/child recreational/trespasser, and adult/child resident).  It 
should be noted that Background Soil Type 1 had a cancer risk of 1E-04 and a noncancer hazard 
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of 5, which demonstrates that the importance of background to the overall discussion of risk 
estimates.  Because Background Soil Type 1 (i.e., BgD) is interpreted as being the dominant soil 
type at the Iron King Mine, Humboldt Smelter, and Off-site Soil Areas of Interest, additional 
samples will be collected from this soil type to ensure this soil type has been fully characterized.  
In addition, the surface water associated with these exposure areas had cumulative risks greater 
than 1E-04 due to elevated concentrations of arsenic.  Because surface water concentrations are 
highly dependent on the underlying substrate, the remedial alternative evaluation should consider 
both soil/sediment and associated surface water.  

The HHRA evaluated 65 privately owned parcels in the Off-site Soil AOI for adult/child 
residential exposure to soil.  Of the 65 privately owned, residential parcels:  

• 23 had cancer risk greater than 1E-04 or noncancer hazards greater than 10 
• 36 had an exceedance of the lead PRG 99th percentile.   

These areas warrant an evaluation of remedial alternatives.  It should be noted that the Humboldt 
Elementary School playground in the Town of Dewey-Humboldt does not warrant further 
evaluation based on a toxicological review of the data.  Furthermore, the levels of COPCs in the 
Humboldt Elementary School playground are similar to background concentrations.  It should 
also be noted that many of the residential parcels have cancer risks or noncancer hazards similar 
to Background Soil Type 1, which has a cancer risk of 1E-04 (1 in 10,000) and a noncancer 
hazard of 5.  Therefore, the evaluation of remedial alternatives for off-site areas should consider 
the contribution of background risks to the discussion of overall risk estimates. 

Most of the ground water locations had cumulative risks greater than 1E-04 due to elevated 
concentrations of arsenic.  The remaining locations had risks between 1E-04 to 1E-06.  In 
addition, many of the locations had exceedances of EPA MCLs.  Wells within the Iron King 
Mine and Humboldt Smelter AOIs are impacted by arsenic from their proximity to ore deposits 
or residual mine material; these locations warrant an evaluation of remedial alternatives.  
However, elevated arsenic concentrations found in wells within the Town of Dewey-Humboldt 
and surrounding area are due to contact with natural geologic formations.  The variability and 
magnitude of arsenic concentrations in the vicinity of the Site are similar to those throughout 
Arizona.  Ground water downgradient of the Iron King Mine is impacted from sulfate-dominated 
TDS as a result of contact with tailings or from a natural geologic feature that is high in sulfate; 
these elevated concentrations of sulfate may cause harmful effects and warrant an evaluation of 
remedial alternatives.  The ground water in the vicinity of the Humboldt Smelter is impacted 
from chloride-dominated TDS from a natural geologic feature or as a result of smelting 
operations at the Humboldt Smelter; these elevated concentrations of chloride are unlikely to 
cause harmful effects but should be further evaluated to determine source attribution. 

7. ECOLOGICAL RISK ASSESSMENT 

The following sections present the methodology and summary of results for the ERA 
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7.1 INTRODUCTION 

This document presents the Ecological Risk Assessment (ERA) conducted by EA for the Site 
(Figure 1-1).       

7.1.1 Scope and Purpose 

The purpose of this assessment is to characterize and quantify potential environmental impacts 
from chemicals residual in soil, sediment, and surface water from historic mining practices.  This 
assessment was conducted in accordance with EPA guidance for the remedial 
investigation/feasibility study process.  In specific, the ERA was conducted in accordance with 
process for ERA (Figure 7-1) outlined in the document Ecological Risk Assessment Guidance for 
Superfund:  Process for Designing and Conducting Ecological Risk Assessments (EPA 1997b, 
1999a) and other relevant EPA guidance.  The planned approach was presented to EPA in 
advance of the ERA, and concurrence on the general methodology was achieved through 
preparation of an exposure pathway analysis (EA 2008b). 

The process for ERA outlined in EPA guidance includes eight steps (Figure 7-1) (EPA 1997b, 
1999a).  This document presents the first three steps of the ERA process.  Steps 1 and 2 process 
are the Screening-Level Ecological Risk Assessment (SLERA).  The SLERA uses highly 
precautionary assumptions regarding exposure and toxicity to develop a conceptual site model 
and identify chemicals of potential concern.  It includes development of a conceptual site model 
that defines complete and significant exposure pathways and identifies assessment and 
measurement endpoints.  The screening level evaluation typically relies on chemical analytical 
data available from the remedial investigation; it also usually includes a site visit.  

Step 3 of the ERA process is the BRAPF.  The Baseline Risk Assessment Problem Formation 
(BRAPF) draws from the risk evaluation performed in the SLERA to identify the COPCs, 
exposure pathways, assessment endpoints, and risk questions requiring either further 
consideration.  The BRAPF often includes refinement of the screening level risk calculations 
through use of more realistic or more relevant exposure and toxicity data.  The goal of the 
BRAPF is to provide a clear definition of the ecological risk problems for the Site.  This problem 
formulation forms the basis for either further assessment, or in cases where sufficient data are 
available, risk management.   

The SLERA and the BRAPF rely on the same conceptual model and utilize many of the same 
assessment endpoints, exposure and toxicity assumptions, and data inputs.  Therefore, these are 
combined and presented as one in this document.  Section 7.2.0 presents the conceptual site 
model and assessment endpoints.  Section 7.3.0 discusses the data used in the ERA and presents 
measurement endpoints for both the screening level and refined risk evaluation.  Section 7.4.0 
presents the exposure assessment, and Section 7.5.0 presents the toxicity assessment. 

Sections 7.6.0 through 7.10.0 present the evaluation of both screening level and refined 
measurement endpoints for various exposure groupings within the Site.  The results for all 
measurement endpoints are combined in a qualitative weight of evidence approach to provide a 
preliminary risk characterization for each assessment endpoint.  Uncertainties associated with the 
risk characterization are discussed in Section 7.11.0.  Uncertainties and results of the risk 
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characterization are considered together in developing the conclusions for the Site which are 
presented in Section 7.12.0.   

7.1.2 Site Location and History 

The Site is located in Yavapai County Arizona (Figure 1-1).  Site elevations range from 
approximately 4,600 to 4,800 feet above sea level.  Based on large scale habitat maps (AGFD 
2006; Marshall et al. 2004), it is located in Apache Highlands North Ecoregion and the 
predominant terrestrial habitats in the vicinity are developed areas surrounded by interior 
chaparral with riparian habitat along drainages.  Field observations and aerial photographs 
indicate that the developed/industrial areas of the Site provide potentially accessible but very 
poor quality habitat.  Much of the Site consists primarily of bare or sparsely vegetated ground. 

Aquatic habitats at the Site include the Lower Chaparral Gulch and the Agua Fria River.  The 
drainages and impoundments within the industrialized areas of the Site are expected to provide 
poor quality habitat.  Based on field observations and climatic information, the drainage ditches 
within the industrialized areas are likely to remain dry for long periods of time.  The ponds atop 
the Iron King Mine Main Tailings Pile (a.k.a., Lake Ironite) and associated impoundment/ponds 
are man-made and relatively isolated and therefore expected to provide little habitat for aquatic 
or benthic organisms.  However, they could provide a water source for consumption by wildlife. 

Chaparral Gulch and Galena Gulch are intermittent drainages that are dry for most of the year.  
They both drain to the Agua Fria River and are associated with riparian corridor vegetation 
visible on aerial photographs.  These gulches may provide ephemeral habitat for aquatic 
organisms.  However, the quality and significance of this habitat is expected to be relatively poor 
dependent on the length of time these gulches are flooded. 

The Agua Fria River  experiences flow year round with a mean flow of 3.89 cubic feet per 
second (cfs) measured near the Site from 2001 to 2004 (NRCS 2007).  The Agua Fria represents 
the highest quality aquatic habitat associated with the Site; it is also expected to provide the most 
consistent source of water for wildlife.   

7.2 CONCEPTUAL SITE MODEL 

As part of the conceptual site model, potential sources of chemicals and exposure pathways are 
characterized for the Site (Figure 7-2).  The model illustrates the pathways through which 
receptors may be exposed to sources of COPCs.  Sources and exposure are discussed further 
below.  

7.2.1 Sources and Release Mechanisms 

There are a number of sources of chemicals at the Site (Figures 2-1 to 2-3).  Materials in these 
media primarily contain elevated concentrations of arsenic and lead.  Much of the Site and 
associated drainages are considered a potential source of metals.   

Primary sources of metals as principal threat and low-level threat waste in the Iron King Mine, 
Humboldt Smelter, and Waterway AOIs are described in Section 5 (see Figure 5-73).  Secondary 
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sources of metals at the Site include soil in and around the primary sources, which has received 
contamination through wind or waterborne erosion.  

During the RI field investigation, EPA collected soil and sediment samples and analyzed them 
for TAL metals, SPLP metals, hexavalent chromium, VOCs, SVOCs, pesticides/PCB, pH, 
perchlorate, asbestos, dioxins/furans, ABA, and nitrates/nitrite/sulfate analyses.  Water samples 
taken for the RI field investigation were analyzed for TAL metals, VOCs, SVOCs, explosives, 
perchlorate, anions/cations/TDS, and nitrates/nitrite/sulfate analyses.  Organics were detected in 
soil samples from the Iron King and Humboldt Smelter portions of the Site.  However, 
concentrations were not elevated enough to warrant retaining organics as COPCs.  

7.2.2 Fate, Transport and Media of Concern 

A number of fate and transport pathways transfer elevated concentrations of chemicals between 
different environmental media and between different portions of the Site (Figure 7-2).  The 
primary migration pathways identified in Section 5 are surface water transport, surface water 
partitioning, air particulate migration, leaching to ground water, and ground water to surface 
water.  Bioaccumulation is also a viable fate and transport pathway, and as such, is discussed in 
more detail below along with the other pathways.  An important factor affecting fate and 
transport rates is the chemical form and mobility/bioavailability of metals. 

Air Particulate Migration – Moderate to high wind events that occur throughout the year carry 
fine-grained surface materials and particulates from source areas to adjoining AOIs.  Chemicals 
originating in the tailings, ash, and soil are eroded by wind.  This is expected to result in a direct 
but temporary transfer of metals and organic chemicals bound in soil or sediment to particulate 
matter suspended in air.  It also results in transfer from the air back to soil in surrounding 
chaparral habitat or into sediment in nearby drainages. Wind eroded material may be deposited 
onto the soil surface throughout surrounding areas.  However, deposition rates are expected to be 
highest in areas where wind speed decreases due to microtopographic variation.  This includes 
low-lying areas and areas of dense vegetation.  This fate and transport pathway is considered 
most relevant to ecological receptors in terms of its effects on redistribution of chemicals from 
contaminated low quality habitats (i.e., tailings piles) to high quality surrounding habitats (i.e., 
chaparral).  It is unclear whether metals or organic chemicals bound to airborne particulates 
would remain suspended for a sufficient amount of time to produce substantial ecological 
exposures, or whether sufficient concentrations of volatile chemicals would be present to warrant 
further evaluation.  Both distribution of chemicals in soil and in air have been evaluated during 
the remedial investigation and ecological risk assessment. 

Surface Water Transport/Partitioning – Chemicals originating in the tailings, ash, and slag 
pile are also eroded by water.  At the Site, this results in a direct transfer of metals and organic 
chemicals to water either in dissolved form or bound to suspended particulate matter.  
Contaminant transport of particulates and dissolved phase contaminants via surface water 
transport occurs primarily during periodic high rain events.  Two exceptions are the Agua Fria 
River and a small portion of the Lower Chaparral Gulch, which have permanent surface water 
transport mechanisms.  Chemicals remain in the water column or are transferred to sediment 
through either precipitation or deposition.  Surface water in contact with sediments or suspended 
solids may cause COPCs to partition into the dissolved phase.  Dissolved phase metals are more 
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mobile, so increased dissolved metals concentrations creates an increased potential for metals to 
migrate in flowing surface water.  The highest deposition rates for suspended particles are 
expected in areas where water velocity decreases.  This includes the areas inside of bends, 
impoundments, immediately upstream of dams, immediately upstream of narrowing within the 
drainage/streambed, and immediately downstream of widening within the streambed or 
confluences.  Precipitation is most likely to occur in areas where the chemical composition of the 
water column changes; in the case of the Site, this would be limited to confluences with other 
water bodies.  Waterborne erosion is considered relevant to ecological receptors in terms of its 
effects on redistribution of chemicals from contaminated low quality habitats (i.e., drainages, 
impoundments, and the gulches) to high quality surrounding habitats (i.e., Agua Fria River).  It is 
also considered significant for its contributions to the chemical composition of the water column 
during precipitation events.  Both distribution of chemicals in sediment and water have been 
evaluated during the remedial investigation. 

It should be noted that, given the semi-arid environment of the Site, sediment and soil are not 
always distinct media.  During periods of the year where there is no precipitation, the sediment 
present in the gulches and drainages may effectively become soil as overlying water evaporates.  
As such, references in the discussions below regarding exposures to soil should be assumed to 
include exposures to sediment during periods when there is no overlying water.  This is an 
important consideration because wildlife may heavily utilize the riparian corridors present at the 
Site.  

Ground water Leaching/Emanation as Surface Water – Another transport pathway is 
leaching of chemicals from sources (e.g., tailings) to ground water.  As water percolates from the 
surface to the underlying ground water, it can carry dissolved phase constituents.  Source 
material in contact with ground water can also leach directly to ground water.  The depth to 
ground water throughout most of the Site is 30 to 50 feet bgs; however, it is closer to the surface 
in the Lower Chaparral Gulch.  Even though ecological receptors are not expected to come into 
contact with ground water, data indicate that ground water in the Lower Chaparral Gulch may 
contain elevated concentrations of sulfates and low pH.  Ground water discharge from the base 
of the concrete dam on the Lower Chaparral Gulch has high concentrations of arsenic and sulfate 
and a low pH.  Thus this is a potentially complete transport pathway for chemicals from ground 
water to surface water.  This connection between ground water and surface water could have 
impacts as far downstream as the Agua Fria River, although surface water pathways are expected 
to be more important.  As such, Site ground water and its possible connection to surface water in 
the Agua Fria River has received further evaluation in the remedial investigation and ecological 
risk assessment. 

Bioaccumulation - Plants and animals that come in contact with contamination in soil, sediment, 
or water may uptake chemicals.  Dependent upon the chemical and the organism, these 
chemicals accumulate in tissue.  This transfer from abiotic media to biotic media constitutes a 
transport pathway and may result in exposures for wildlife that consumes plants and animals that 
have bioaccumulated chemicals.  Both arsenic and lead are considered potentially 
bioaccumulative and may accumulate in the tissue of plants and animals.  Other metals and 
hydrophobic organic compounds (e.g., PCBs) may also bioaccumulate.  Therefore, 
bioaccumulation represents a significant transport pathway at the Site.  During the remedial 
investigation, data was collected to characterize concentrations of chemicals in soil, sediment, 
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and surface water at the Site.  In conjunction with information from the scientific literature 
regarding bioaccumulation rates, this allows estimation of the potential significance of 
bioaccumulation as a transport and exposure pathway in the ecological risk assessment.     

It is important to note that all of the transport pathways discussed above are dependent upon 
factors that influence the forms of chemicals in environmental media.  This is especially 
important for metals.  Metals are present in nature in a wide range of chemical forms.  Some 
forms are readily soluble.  Soluble forms of metals such as arsenic and lead are highly mobile in 
soil, sediment and water and thus facilitate higher transport rates.  Soluble forms of these metals 
are also more bioavailable, which means that they are taken up more easily by plants and 
animals.  Many of the mineral forms of metals found in naturally occurring rocks and soils are 
relatively insoluble.  They do not dissolve easily, are relatively immobile in environmental media 
and are not readily taken up by wildlife.  Changes in the chemistry of soil, sediment or water 
may make metals more or less soluble, and thus determine their ultimate mobility and 
bioavailability. 

In the case of arsenic and lead, insoluble, naturally occurring mineral forms include arsenopyrite 
and galena respectively; these are often the minerals associated with mining related wastes.  
Changes in pH, such as that caused by acid mine drainage, may result in solubilization of these 
metals to more mobile and bioavailable forms.  Therefore, it is important to characterize the 
acidity of media at the Site as well as concentrations of sulfate, which may indicate acid mine 
drainage.  These characteristics, as well as available data concerning chemical form at the Site, 
have been further evaluated in the remedial investigation and the risk assessment. 

Based on the above information, soil, sediment, surface water are all environmental media which 
have received chemicals transported from site sources, and which therefore serve as a medium of 
exposure.  Plant and animal tissue that has bioaccumulated chemicals is also a medium of 
exposure.   

7.2.3 Site Ecology 

A habitat survey of the Site was conducted by EnviroSystems in August 2008 (Appendix A).  
The survey was performed by walking the Site and recording the habitat types and plant and 
animal species observed.  Both the Iron King Mine and Humboldt Smelter contain large 
developed areas surrounded by interior chaparral with riparian habitat along drainages.   

The Iron King Mine portion of the Site is located west of Highway 69.  The Iron King Mine 
upland habitat is vegetated by shrubs, trees, grasses and forbs with shrub live oak (Quercus 
turbinella) dominating the area.  The Chaparral Gulch runs along the north barrier of the Iron 
King Mine Site and provides riparian habitat.  This area is dominated by invasive trees including 
the tree of heaven (Ailanthus altissima).  The portion of the Galena Gulch that borders the Iron 
King Mine on the southwest portion of the Site has been disturbed and does not provide any 
riparian habitat.  The Chaparral and Galena Gulches are dry for a majority of the year, holding 
water only during rain events.  The developed area of Iron King Mine includes the tailings pile, 
the glory hole, the operations area and retention ponds.  Some areas of the developed area have 
been covered in mulched wood and these areas are now dominated by tumbleweed (Salsola 
tragus).  The retention ponds located adjacent to the tailings pile did not contain any visible 
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vegetation; however, primary successional growth is evident around the ponds.  These retention 
ponds provide the only permanent source of water at the Site west of Highway 69.  Many of the 
features mentioned above are documented in Appendix E, Photographic Documentation. 

During the habitat survey and sampling events, several animal species were observed.  In the 
Iron King Mine the following animals were observed: cottontail rabbit (Sylcilagus floridamus), 
Gambel’s quail (Callipepla gambelii), desert grassland whiptail (Aspodpscelis uniparens), red-
tailed hawk (Buteo jamaicensis), roadrunner (Geococcyx californianus), common raven (Corvus 
corax) and various invertebrates and songbirds and an unidentified raptor.  During the habitat 
survey, brief interviews with personnel of the Iron King Mine and one of the land owners 
identified the following animals as inhabiting Iron King Mine: white-tailed deer (Odocoileus 
virgini), javelina (Pecari tajacu), great horned owl (Bubo virginianus), squirrels and various 
snakes.  Several signs of animals’ use of the Iron King Mine include tracks from javelin, deer 
and canines, rodent burrows (See Appendix E, Photographic Documentation) and signs of 
livestock grazing.   

The Humboldt Smelter portion of the Site is located west of Highway 69.  The Humboldt 
Smelter is like the Iron King Mine in that it contains a large disturbed area from development 
surrounded by interior chaparral and riparian habitats; however, the Humboldt Smelter also 
contains very flat portions of land that are characterized as semi-desert grasslands.  These areas 
are dominated by forbs such as purple nightshade (Solanum xantii).  Shrub live oak is also a 
dominant species at the Humboldt Smelter as it is at Iron King Mine; catclaw acacia (Acacia 
greggi) is also a prominent species.  The chaparral species are found mostly on the side slopes of 
the area to the east of Highway 69.  Unlike the portion of the Chaparral Gulch that occurs in the 
Iron King Mine, the dominant tree species in the riparian corridor along the Chaparral Gulch in 
the Humboldt Smelter are native species such as Fremont cottonwood (Populus fremontii) and 
cattails (Typha spp.).  The riparian corridor along the Agua Fria River and the portion of the 
Chaparral Gulch south of the dam is much more dense and lush than that of the Chaparral Gulch.  
Dominant trees include cottonwood, ash and willow with an understory of forbs.  The Agua Fria 
River and the lower portion of the Chaparral Gulch provide a permanent source of water.  The 
developed areas of Humboldt Smelter include an ash pile, slag piles, tailings piles and the 
processing area.  Many of the features mentioned above are documented in Appendix E, 
Photographic Documentation. 

Observations of animals east of Highway 69 during the habitat survey and sampling events are 
fewer.  The following animal species were observed: mourning dove (Zenaida macroura), 
common raven turkey vulture (Cathartes aura), Gambel’s quail and various crawling, flying and 
water invertebrates.  Brief interviews with sampling personnel indicate the presence of a white 
colored owl, possibly barn owl (Tyto alba).  Deer and javelina tracks were observed along the 
Agua Fria River.  The flat semi-desert grasslands provide ideal habitat for rattlesnakes although 
none were observed; likewise, the Agua Fria River provides exemplary habitat for aquatic 
organisms, but no observations were made. 

Large portions of the Site are developed and disturbed from past activities, the remains of some 
of the buildings and structures may provide escape cover, foraging, nesting and roosting habitat 
for animals.  In the smoke stack at the Humboldt Smelter, two large raptor nests were observed; 
one of these nests is documented in Appendix E, Photographic Documentation.  Swallows have 
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made nests in the culvert that allows the Chaparral Gulch to flow under Highway 69.  Empty 
buildings where friable asbestos was observed in at least one building during the survey may 
provide roosting habitat for animals such as owls or bats.  The tailings piles and waste rocks may 
provide a foraging area for some species, which is a problem since these areas may potentially be 
contaminated with tailings or other contaminants.  In addition, the retention ponds of the Iron 
King Mine portion of the Site may provide a water source for animals in the vicinity, and these 
ponds are most likely contaminated with tailings given the deep red color observed during the 
survey (See Appendix E, Photographic Documentation).   

7.2.4 Threatened and Endangered Species 

As part of the Biological Evaluation performed by EnviroSystems (Appendix A), an evaluation 
was completed of the rare, threatened and endangered species that may occur at the Site.  The 
preferred habitat was defined for each special status species.  The habitat survey conducted in 
August 2008 helped to determine the presence/absence of any of the species and to determine if 
the habitat requirements for any of the species could be met at the Site.   

The following table lists the sixteen species analyzed and their status within the Endangered 
Species Act: 

COMMON NAME SCIENTIFIC NAME STATUS 
PLANTS 

Arizona cliffrose Purshia subintegra Endangered 
ANIMALS 

Arizona toad* Bufo microscaphus Species of Concern 
Bald eagle (desert population) Haliaeetus leucocephalus Threatened (Yavapai County) 
Brown pelican Pelecanus occidentalis Proposed Endangered 
Chiricahua leopard frog Rana chiricahuensis Threatened 
Colorade pikeminnow Ptychocheilus lucius Endangered 
Desert pupfish Cyprinodon macularius Endangered; Arizona Species of Concern 
Gila chub Gila intermedia Endangered 
Gila topminnow Poeciliopsis occidentalis Endangered; Arizona Species of Concern 
Headwater chub Gila nigra Candidate Taxon Ready for Proposal 
Mexican spotted owl Strix occidentalis lucida Threatened 
Northern Mexican gartersnake* Thamnophis eques magalops Candidate Taxon Ready for Proposal 
Page springsnail Pyrgulopsis morrisoni Candidate Taxon Ready for Proposal 
Razorback sucker Xyrauchen texanus Endangered 
Southwestern willow flycatcher Empidonax traillii extimus Endangered 
Spikedace Meda fulgida Threatened 
Yellow-billed cuckoo Coccyzus americanus Candidate Taxon Ready for Proposal 
Arizona toad Bufo microscaphus Arizona Species of Concern 

EnviroSystems, 2008.  Biological Evaluation 
* Species added to list by the U. S. Fish and Wildlife Service 

The evaluation of the special status species established that there is no potential for adverse 
effects on any of the species or their habitats except for the Arizona toad.  These toads are known 
to occur three miles from the Site and suitable habitat exists along the Agua Fria River and the 
Chaparral Gulch; the Arizona toad was last observed in the Agua Fria in 1993.  The 
contaminants from the developed areas of the Site pose a threat to the habitat of the Arizona 
toad; however, there is limited ability to assess risk to this species. 
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7.2.5 Identification of Exposure Pathways 

Exposure routes link chemicals in exposure media to ecological receptors.  The following 
sections describe the major exposure routes.  Ecological receptors potentially present at the Site 
include plants, terrestrial invertebrates, wildlife (birds, mammals, etc.), and aquatic organisms.  
The following sections identify the major routes of exposure and their applicability to each of 
these receptor groups (Figure 7-2). 

7.2.5.1 Direct Contact/Dermal Contact 

Plants, invertebrates, aquatic organisms and wildlife may all be exposed to environmental media 
through direct contact.  Plants may absorb chemicals from surface and subsurface soil via their 
roots. They may also absorb chemicals from air or airborne particles through their leaves.  
Absorption through the roots is expected to be the most significant pathway.  Absorption of 
chemicals from air or airborne particles is expected to be a relatively insignificant pathway, 
although this pathway may be re-evaluated if data from the remedial investigation indicate that 
significant airborne contamination is present.  The depth to ground water is 30 to 50 feet bgs for 
most of the Site, but is shallower near the Lower Chaparral Gulch and Agua Fria River  Some 
deep rooting shrubs common to chaparral environments may come into direct contact with 
ground water.  For example, the dominant plant species on the Iron King Mine portion of the 
Site, shrub live oak, has been reported to have root depths of more than 25 feet in parts of 
Arizona (Tirmenstein, 1999).  Therefore, dermal contact of plant roots with ground water is a 
complete pathway.  Plants are known to uptake metals and some organics; however, uptake of 
hydrophobic and/or large molecular weight compounds by plants is limited (Figure 7-2).  Based 
on this information, direct exposure to surface and subsurface soil is considered a complete and 
significant pathway for plants. 

Aquatic and benthic organisms may be exposed to chemicals in sediment and surface water 
through direct contact.  Chemicals may be absorbed from water or sediment through the skin and 
gills.  This exposure pathway is considered to be complete and significant for both media (Figure 
7-2). 

Terrestrial invertebrates may be exposed to chemicals in soil and air through direct contact.  
Chemicals may be absorbed from soil through the skin.  Most invertebrates typical of arid and 
semi-arid environments such as those at the Site have hard exo-skeletons which are likely to 
limit exposure.  Therefore, this exposure pathway is considered to be complete and significant 
for soil, but of limited significance for exposures to air (Figure 7-2). 

Wildlife may be exposed to chemicals in air, soil (both surface and subsurface), sediment, or 
water via direct contact during foraging or burrowing.  Most wildlife are equipped with 
protective outer coverings such as fur, feathers, or scales that prevent or limit the dermal 
absorption of chemicals from environmental media (CHPPM 2004).  EPA guidance identifies 
that, in most cases, dermal exposures are likely to be less significant than exposures through 
ingestion and their evaluation involves considerable uncertainty (EPA 2003a).  This guidance 
provides example calculations for an example species showing that less than 0.2% of the total 
chemical dose to wildlife is likely to come from dermal contact.  Given that many metals 
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demonstrate relatively low dermal absorption, this exposure route is considered complete but 
relatively insignificant for wildlife (Figure 7-2). 

7.2.5.2 Inhalation 

Inhalation is a potentially complete pathway for both terrestrial invertebrates and wildlife.  These 
animals may inhale chemicals which have volatilized or which are adsorbed to airborne 
particulates.  Currently, it is unclear whether volatile compounds are present at the Site in high 
enough concentrations to cause significant exposures.  Similarly, it is unclear whether suspension 
of airborne particulates occurs with sufficient duration or frequency to result in significant 
inhalation exposures.  EPA guidance indicates that, in general, inhalation pathways are likely to 
be insignificant compared to ingestion pathways (EPA 2003a).  This guidance states that most 
chemicals inhaled with dust are trapped in mucus membranes and ingested; therefore, their 
impact is captured through analysis of incidentally ingested soil.  It also provides example 
calculations showing that less than 0.1% of the total risk to wildlife is likely to come from 
inhalation.  Finally, a large number of assumptions are required for quantification of inhalation 
exposures, leading to significant uncertainties.  Based on this information, inhalation exposures 
are considered to be a complete but insignificant exposure pathway for the Site (Figure 7-2). 

7.2.5.3 Ingestion 

The most significant exposure route for wildlife is ingestion of chemicals in contaminated media 
(EPA 2003a).  Wildlife may ingest chemicals in environmental media by drinking surface water 
or by incidentally ingesting soil and sediment while grooming or foraging.  As discussed above, 
chemicals may bioaccumulate in the tissue of plants and animals.  Therefore, wildlife may also 
ingest chemicals plants and animals that they consume as food.  Herbivores may be exposed to 
chemicals that have bioaccumulated in plant tissue.  Carnivores may be exposed to chemicals 
that have accumulated in prey.  Omnivores may be exposed to chemicals in both plant and 
animal food items.  The Site is expected to support a range of wildlife that spans several trophic 
levels and feeding guilds.  This includes both primary and secondary consumers, and species 
which consume plants, invertebrates, small birds and mammals, and fish or aquatic organisms.  
Ingestion of chemicals in soil, sediment, surface water, and/or food is considered a complete and 
potentially significant exposure pathway (Figure 7-2). 

7.2.6 Assessment Endpoints 

Assessment endpoints are clear statements of the environmental value to be protected from 
impacts (EPA 1997b).  Assessment endpoints are usually defined in terms of an ecological entity 
and its attributes. 

The selection of assessment endpoints is based on the fundamental knowledge of site ecology, 
and incorporates consideration of the COPCs, exposure pathways, toxic mechanisms and 
potentially important exposure groups.  Per EPA guidance (EPA 1997b, 1999a), the focus of the 
ERA is to protect the ecological values at the population or community level except where 
threatened or endangered species are concerned.  For example, maintenance of sustainable 
populations of a specific species of songbird is an example of a population level assessment 
endpoint, while maintenance of native bird diversity is a community level endpoint.  While 
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population and community level endpoints such as these express important ecological values, 
they are often very difficult to assess.  Therefore, initial steps of an ERA typically focuses on 
assessment endpoints defined in terms of effects on individual organisms; this makes 
quantitation of risks easier, since potential individual exposures and impacts can be more easily 
measured or estimated.  It should be noted that where threatened or endangered species are 
specifically concerned, the focus of the ERA is at the level of individual organisms. 

The following preliminary assessment endpoints were defined to reflect the potential impacts of 
complete and significant exposure pathways discussed above and to aid in selecting 
representative receptor species (Table 7-2): 

• Viability of plant communities in chaparral and associated riparian corridor habitats. 

• Viability of terrestrial invertebrate communities as resources for terrestrial wildlife. 

• Viability of aquatic and benthic organism communities. 

• Viability of wildlife communities, including a variety of feeding guilds likely to use site 
habitats. 

7.2.7 Selection of Representative Receptors 

Ecological receptors potentially present at the Site include plants, terrestrial invertebrates, 
wildlife (birds, mammals, etc.) and aquatic organisms.  Selection of representative receptor 
species is based primarily on several factors:  1) the likelihood of a species to use the Site and the 
area immediately surrounding the Site, 2) the potential for exposure to site-related contaminants 
based on the feeding habits and life history of the organisms/guild represented by the receptor 
species, 3) the availability of life history and exposure information for the selected receptor 
species, and 4) the availability of toxicity information for the representative receptor species.  
The rationale for selection of representative receptor species is summarized below. 

7.2.7.1 Plants 

The primary exposure medium for plants is soil, and the primary exposure route is direct contact 
through the roots.  Plant species at the Site are expected to consist primarily of herbaceous and 
shrubby species associated with chaparral and riparian corridor habitats and dominated by 
manzanita, live oak, birchleaf mountain mahogany, skunkbush sumac, silktassels, desert 
ceanothus, prickly-pear cactus, agaves and yuccas (AGFD 2006).  Given the fact that it is a 
dominant chaparral species, shrub live oak (Quercus turbinella) is selected as a representative 
receptor species (Table 7-2), although available exposure and toxicity data for plants are largely 
species non-specific and thus protective of a broad range of plants.  It is important to note that 
available information concerning aquatic habitats at the Site indicates that there is little or no 
aquatic vegetation; species growing within the riparian corridors is most appropriately 
considered as terrestrial plants. 

7.2.7.2 Soil Invertebrates 

The primary exposure medium for soil invertebrates is soil, and the primary exposure routes are 
direct contact and ingestion.  Invertebrate species at the Site are expected to consist primarily of 
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insects common to interior chaparral and riparian corridor habitats.  Given their likely presence 
at the Site, their close contact and long-term exposure with soil, their likely importance as a food 
source for many species of birds and mammals, and their common role as seed dispersers, ants 
(family Formicidae) are selected as a representative receptor species (Table 7-2).  It should be 
noted, however, that available exposure and toxicity data for terrestrial invertebrates are largely 
species non-specific or based on more sensitive surrogate receptors and thus protective of a 
broad range of invertebrates. 

7.2.7.3 Aquatic and Benthic Organisms 

The primary exposure pathway for aquatic organisms is direct exposure to chemicals in sediment 
and surface water, and the primary exposure routes are direct contact and ingestion.  Aquatic and 
benthic organism species at the Site are expected to consist primarily of crustaceans (i.e., shrimp) 
and fish.  Given their likely presence at the Site, the fact that they are likely to be an important 
food source for piscivorous wildlife and the abundance of toxicological information available, 
the fathead minnow (Pimephales promelas) is selected as a representative receptor species 
(Table 7-2).  It should be noted, however, that available exposure and toxicity data for aquatic 
organisms are largely species non-specific, based on more sensitive surrogate receptors, and 
defined in terms of overall exposures to sediment and surface water that protective of a broad 
range of aquatic organisms. 

7.2.7.4 Wildlife 

The primary exposure pathways for wildlife are ingestion of abiotic and biotic media.  The Site 
is expected to support a range of wildlife that spans several trophic levels and feeding guilds.  
Therefore, separate representative receptor species are selected for several important feeding 
guilds (Table 7-2), each of which is described below. 

The exposure pathway analysis identified complete exposure pathways for wildlife.  Herbivorous 
birds and mammals are an important component of chaparral wildlife communities.  They may 
be exposed to chemicals at the Site through ingestion of chemicals in soil, surface water and 
plant material (Figure 7-2).  The pocket gopher (Peromyscus leucopus) is identified as a 
representative receptor species for evaluation of the potential for adverse effects to herbivorous 
mammals.  The pocket gopher is an appropriate receptor species because it is common to 
chaparral habitats, consumes a wide variety of plant material, and is a potential food source for 
other animals.  Given their life history and feeding habits, gophers are expected to provide a 
precautionary representative model of exposures for other chaparral partially or predominantly 
herbivorous mammals, including mice, rats, gophers, and prairie dogs.    Also, sufficient data are 
available for this species to support quantitative evaluation of food web exposures.   

Herbivores  

The song sparrow (Melospiza melodia) is identified as a representative receptor species for 
evaluation of the potential for adverse effects to herbivorous birds.  Song sparrows are an 
appropriate representative receptor because they are expected to be present at the Site, consume 
primarily seeds and have similar life history and feeding habits to that of many other herbivorous 
birds such as finches, doves and cardinals.  They are expected to provide a precautionary 
representative model of exposures for other chaparral partially or predominantly herbivorous 
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birds.  In addition, sufficient data are available for this species to support quantitative evaluation 
of food web exposures.   

There are very few species of primarily herbivorous reptiles (i.e., tortoises and turtles) that may 
be present at the Site.  The available exposure and toxicity information for reptiles is very limited 
and unlikely to support a quantitative evaluation.  Therefore, the risk assessment for herbivores 
focuses on birds and mammals.  

An important component of chaparral wildlife communities are species which consume primarily 
terrestrial invertebrates and other small prey.  These insectivores may be exposed to chemicals at 
the Site through ingestion of chemicals in soil, surface water, and prey (Figure 7-2).  The desert 
shrew (Nitiosorex crawfordii) is identified as a representative receptor species for evaluation of 
the potential for adverse effects to insectivorous mammals and other lower trophic level 
carnivorous mammals.  Desert shrews consume a diet composed almost entirely of insects, and 
are a potential food source for other animals.  Given their life history, feeding habits, and high 
ingestion rates, shrews are expected to be precautionary representative of other chaparral 
partially or predominantly carnivorous mammals, including skunks, mice, and bats.    Also, 
sufficient data is available for this species to support quantitative evaluation of food web 
exposures.   

Insectivores  

The greater roadrunner (Geococcyx californianus) is identified as a representative receptor 
species for evaluation of the potential for adverse effects to insectivorous birds.  Roadrunners are 
an appropriate representative receptor because they are expected to be present at the Site, 
consume a diet composed of terrestrial insects and have a life history and/or feeding habits 
similar to that of other insectivorous birds.  They are expected to provide a precautionary 
representative model of exposures for other chaparral birds including wrens, larks, orioles, quail, 
jays, and swallows.  Also, sufficient data is available for this species to support quantitative 
evaluation of food web exposures.   

It should be noted that reptiles and amphibians which may be present at the Site are also 
insectivorous or consume primarily small, lower trophic level prey.  Amphibians are expected to 
make limited use of the terrestrial habitats at the Site and to be limited in distribution to the 
riparian corridors.  Reptiles are expected to be found throughout the Site.  The data available for 
assessment of reptile and amphibian exposures is very limited, and may be insufficient to 
evaluate the potential for risks from all but a few chemicals.  Despite the fact that assessment 
may be limited to qualitative methods, the Western black-necked garter snake (Thamnophis 
cyrtopsis cyrtopsis) is identified as a representative receptor species for insectivorous reptiles and 
the Great Plains toad (Anaxyrus cognatus) is identified as a representative receptor species for 
insectivorous amphibians.  Garter snakes consume a broad range of small prey items, including 
invertebrates, amphibians, and small mammals.  They are expected to provide a representative 
model of reptile exposures.  The Great Plains toad eats a wide variety of invertebrates, including 
ants, flies, centipedes and mites. 

It should be noted that the Arizona toad (Bufo microscaphus) is a species of concern for U.S. 
Fish and Wildlife Service and was last observed in the Agua Fria River in 1993.  Based on this 
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information, Arizona toad would make a suitable and significant representative amphibian 
receptor; however, because of the limited exposure data and the limited distribution of 
amphibians at the Site, a reptilian receptor was deemed more demonstrative. 

Higher trophic level predators are another key component of chaparral wildlife communities.  
These species consume a broad range of prey items, including a variety of mammals, birds, and 
reptiles.  Predators may be exposed to chemicals at the Site through ingestion of chemicals in 
soil, surface water and prey.  The coyote (Canis latrans) is identified as a representative receptor 
species for evaluation of the potential for adverse effects to predatory mammals.  Coyotes 
consume a diet composed primarily of small mammals, birds and carrion.  Given their life 
history and broad range of prey consumed, coyotes are expected to be precautionary 
representative of other chaparral predators such as fox.  In addition, sufficient data is available 
for this species to support quantitative evaluation of food web exposures.   

Terrestr ial Predators 

The red-tailed hawk (Buteo jamaicensis) is identified as a representative receptor species for 
evaluation of the potential for adverse effects to predatory birds.  Hawks are an appropriate 
representative receptor because they are expected to be present at the Site, consume a diet 
composed of primarily of small mammals and birds and have a life history and/or feeding habits 
similar to that of other predatory birds.  They are expected to provide a precautionary 
representative model of exposures for other chaparral birds of prey including other hawks, owls 
and eagles.  Also, sufficient data is available for this species to support quantitative evaluation of 
food web exposures.   

A number of reptiles may be present at the Site that are also higher trophic level predators.  The 
data available for assessment of these reptiles is very limited, and may be insufficient to evaluate 
the potential for risks from all but a few chemicals.  Despite the fact that assessment may be 
limited to qualitative methods, the gopher snake (Pituophis catenifer) is identified as a 
representative receptor species is identified for predatory reptiles.   

Species that consume primarily fish, called piscivores, may potentially be present at the Site in 
association with riparian corridor habitats.  These species consume fish and other aquatic 
organisms such as crustaceans or amphibians.  Piscivores may be exposed to chemicals at the 
Site through ingestion of chemicals in sediment, surface water and prey (Figure 7-2).  Given the 
limited amount of persistent aquatic habitat present at the Site, the number of primarily 
piscivorous species present at the Site is expected to be extremely limited.  The most likely 
exposure scenario linking piscivores to site exposures is occasional or period foraging by highly 
mobile receptors such as herons or other waterfowl.  The great blue heron (Ardea herodias) is 
identified as a representative receptor species for evaluation of the potential for adverse effects to 
piscivorous wildlife.  Herons are an appropriate representative receptor because they could 
periodically utilize the waterways at the Site, consume a diet composed of primarily of fish and 
aquatic organisms.  They are expected to provide a precautionary representative model of 
exposures for other chaparral wildlife that consume prey from aquatic habitats.  In addition, 
sufficient data is available for this species to support quantitative evaluation of food web 
exposures. 

Piscivores  
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7.3 DEVELOPMENT OF MEASUREMENT ENDPOINTS 

7.3.1 Summary of Available Data 

The ERA data evaluation for the Site utilizes chemical analytical results for 96 surface water 
samples and 864 solid media samples collected as part of the RI field activities (see Table 7-1). 
Of the solid media samples, 787 were considered as soil, 28 were considered as sediment, and 49 
were considered as both soil and sediment.  Background samples were also collected, and 
included 30 surface soil, 34 sediment, and 36 surface water samples.   

7.3.1.1 Exposure Groupings 

The results of the exposure pathway analysis identify representative receptors that may use a 
variety of habitats at the Site and that may be exposed to specific sources.  This analysis 
proposes spatially explicit exposure groupings that will be used to guide data groupings in initial 
stages of the ERA. 

In developing spatially explicit exposure groupings, it is important to examine two major factors.  
These are 1) major spatially-linked differences in the nature and extent of source areas and 2) 
factors or features that would alter exposure scenarios between different portions of the Site.   

Terrestrial sources at the Site are present into two spatially distinct areas with different historic 
land uses and potentially differing chemicals of concern.  These areas are the Iron King Mine 
and the Humboldt Smelter.  Soils in the Town of Dewey-Humboldt have also been identified as 
potential sources of chemicals because they may have received inputs of eroded material that 
originated at the Site.  It is possible that some mobile wildlife species may travel between the 
two areas, or that wildlife populations between the two areas may interbreed.  However, the 
presence of a roadway between the two areas may provide some division between populations.  
Because there are potential differences in the types of sources associated with the Iron King 
Mine and the Humboldt Smelter, the following four separate exposure groupings were evaluated 
for terrestrial receptors (Figure 7-3): 

• West Exposure Grouping – Media west of Highway 69 in the Iron King Mine AOI 
• East Exposure Grouping – Media east of Highway 69 in the Humboldt Smelter AOI 
• In-town West Exposure Grouping – Media west of Highway 69 not in the Iron King 

Mine AOI 
• In-town Eest Exposure Grouping – Media east of Highway 69 not in the Iron King 

Mine AOI. 

As noted above, sediment in the gulches, drainage ditches, and other waterbodies will be 
considered in exposure modeling as both sediment and soil if there is evidence that there is no 
overlying water above the sediment for a portion of the year. 

For aquatic organisms and the wildlife that consume them, the greatest determinant of exposure 
at the Site is expected to be the hydrology and habitat quality of the water body.  Drainages, 
impoundments and ponds within the Site are expected to provide aquatic habitat only for brief 
periods and are likely to be subjected to anthropogenic disturbances.  Each of the gulches is 
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expected to provide aquatic habitat for only part of the year, while the Agua Fria River may 
provide habitat for longer periods or year round.  Given the physical features that separate these 
water bodies from each other, the following aquatic groupings are identified for use in initial 
stages of the ERA (Figure 7-4): 

• Drainage ditches, impoundments, tailings ponds, and gulches west of Highway 69 
• Drainage ditches, impoundments, tailings ponds, and gulches east of Highway 69 
• Agua Fria River 

 
The ecological background dataset combined the three background soil datasets collected during 
the EPA RI field investigation (i.e., Background Soil Type 1 through 3); these data are 
summarized in Table 5-133.  The historical background datasets (i.e., Background H1 and H2) 
were included in the In-Town East and In-Town West data groupings and were not included in 
the background dataset.   Bedrock samples were not included in the ERA since they are rock.  In 
addition, there were three background datasets for the Waterway AOI (i.e., Agua Fria River, 
Chaparral Gulch, and Galena Gulch), which are presented in Tables 5-41, 5-44, and 5-57. 
 
7.3.1.2 Data Reduction 

In accordance with EPA (1989b) guidance, the following steps were first used to summarize the 
chemical analytical data for the ERA: 

• Sample data were compared to blank (laboratory, equipment rinse, field, and trip) 
concentration data.  If the chemical concentration detected in a site-related sample was 
less than 10 times (for common laboratory chemicals) or five times (for all other 
compounds) the concentration detected in the corresponding blank sample, the sample 
was excluded from the ERA in accordance with EPA (1989b) guidance.  The 
identification and validation of sampling or laboratory artifacts were performed prior to 
data summarization.  Data that were rejected by the laboratory (R qualified) were not 
used in the ERA. 

 
• The average concentration of a pair of duplicate or split samples (taken from the same 

location on the same date) was used to represent the concentration for that location. 
 

• The mean concentration of a chemical within a given sample data grouping was derived 
using the EPA statistical software package proUCL version 4.0 which selected the most 
appropriate data distribution and associated methodology for calculating the mean.  The 
mean was calculated using the full reporting limit to represent non-detects.  This is highly 
precautionary and creates uncertainties that are discussed further in Section 7.7.0; 
however, it is consistent with the methods utilized in proUCL version 4.0.   

 
• Frequency of detection was calculated as the number of samples in which the chemical 

was detected over the total number of samples analyzed. 
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There are a number of uncertainties associated with the chemical analytical data associated with 
sample coverage and study design.  Uncertainties associated with the data used in the ERA are 
discussed in Section 7.11.0. 
 
7.3.2 Measurements Endpoints 

Because assessment endpoints are often defined in terms of ecological characteristics that are 
hard to measure (i.e., the health of a population or community), measurement endpoints are 
selected provide a quantifiable means of characterizing risks.  Measurement endpoints are 
quantifiable ecological characteristics that are related to each assessment endpoint (EPA 1989b).  
As presented in Table 7-3 each measurement endpoint includes explicit criteria as to whether 
results indicate potential or no potential for risk.  The measurement endpoints for plants and 
worms include comparison of maximum EPCs to benchmarks and calculation of frequency of 
benchmark exceedance across all site samples.  The benchmarks selected are highly 
precautionary and thus provide a conservative assessment of site risks.     

For higher trophic level organisms, measurement endpoints are based on the results of food web 
models that predict the dose of chemicals ingested by wildlife.  These doses were compared to 
benchmarks and background doses.  The first measurement endpoint evaluated was a screening 
level comparison of maximum case scenario doses to no-effects benchmarks.  Additional 
measurement endpoints included comparison of mean case scenario doses to no-effects 
benchmarks, low effects benchmarks and background doses.   

More detailed presentation of measurement endpoints is provided in Table 7-3.  Section 7.3.0 
details the specific exposure assumptions, toxicity assumptions, and calculations performed to 
test measurement endpoints, and Section 7.4.0 presents the detailed risk characterization which 
describes tests and presents results. 

7.4 EXPOSURE ASSESSMENT 

Many of the measurement endpoints identified in Section 7.3.2 rely on exposure estimation using 
chemical analytical data.  In some cases, chemical concentrations are used as the exposure 
estimate, and measured or mean concentrations are identified as EPCs for comparison to 
benchmarks.  In other cases, chemical concentrations are the EPC inputs for food web models 
that estimate exposures as ingested doses.  The exposure assessment identifies the models and 
input parameters that were used in benchmark comparisons and food web dose modeling.  These 
parameters include identification of exposure point concentrations, food web model assumptions 
and literature-based uptake factors.  These are discussed on a receptor-by-receptor basis.   

7.4.1 Exposure Point Concentrations 

Two separate EPCs were used in the ERA.  The initial measurement endpoint for each receptor 
consists of a screening level comparison of the maximum case scenario exposure estimate to no-
effects benchmarks.  Therefore, the maximum concentrations detected in media were used as the 
EPC in exposure estimation.  The maximum EPC is a realistic estimate of hot spot exposures to 
plants, soil invertebrates, and aquatic and benthic organisms that may spend their entire lives in a 
small area.  However, use of the maximum EPCs for assessment for wildlife is precautionary and 
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is likely to over-estimate risks because it assumes that individual organisms spend 100% of their 
time inhabiting and feeding from the most contaminated sample location at the Site.   

Additional measurement endpoints were evaluated based on the mean concentration media.  The 
mean is a more realistic value for consideration of the site-wide populations and exposures for 
mobile receptors, because it assumes an average exposure across the Site.  As discussed above, 
the mean concentration of a chemical within a given sample data grouping was calculated by the 
EPA statistical software package proUCL version 4.0 which selected the most appropriate data 
distribution and associated methodology for calculating the mean.  The mean was calculated 
using the full reporting limit to represent non-detects.  Use of the mean based on the full 
reporting limit is precautionary, and produces an exposure estimate that is biased high.  This 
creates uncertainties that are discussed further in Section 7.11.0; however, it is consistent with 
the methods utilized in proUCL version 4.0.  Maximum and mean EPCs are presented in the 
sections for each exposure grouping. 

7.4.2 Exposure Modeling for Lower Trophic Level Wildlife 

7.4.2.1 Plants 

Chemical concentrations measured in the soil of the Site were used to evaluate the potential for 
adverse effects to terrestrial plants.  Consistent with EPA guidance (EPA 1997b), the maximum 
detected concentration was used as the initial EPC in comparisons against benchmarks protective 
of plants.  In addition, the chemical concentrations at each sample location were used as sample-
specific EPCs in comparisons to benchmarks; the results of these sample-specific comparisons 
were used to calculate site-wide frequencies of exceedance.  Finally, the mean concentration was 
evaluated as an EPC in comparisons to indicate the potential for population-wide impacts, 
although it was weighted less heavily in risk characterization.   

7.4.2.2 Terrestrial Invertebrates 

Chemical concentrations measured in the soil of the Site were used to evaluate the potential for 
adverse effects to terrestrial soil invertebrates.  Consistent with EPA guidance (EPA 1997b), the 
maximum detected concentration was used as the initial EPC in comparisons against benchmarks 
protective of soil invertebrates.  In addition, the chemical concentrations at each sample location 
were used as sample-specific EPCs in comparisons to benchmarks; the results of these sample-
specific comparisons were used to calculate site-wide frequencies of exceedance.  Finally, the 
mean concentration was evaluated as an EPC in comparisons to indicate the potential for 
population-wide impacts, although it was weighted less heavily in risk characterization.   

7.4.2.3 Aquatic and Benthic Organisms 

Chemical concentrations detected in the sediment samples were used to evaluate the potential for 
adverse effects to benthic organisms.  The maximum detected concentrations of chemicals within 
each watershed were used in the evaluation of sediment contamination in accordance with EPA 
(1997b).  Although use of the maximum concentration is conservative, it is relevant in the 
evaluation of potential adverse effects to benthic organisms.  Based on the relative immobility of 

Sediment 
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most benthic invertebrates, chemical concentrations that exceed a toxicity value at one location 
have potential to be associated with adverse effects to aquatic invertebrates at that location.  If a 
chemical was not detected at concentrations exceeding the available toxicity value, it was 
concluded that the chemical is not likely to adversely affect benthic organisms in that area.  The 
mean sediment concentration was also evaluated as an indicator of population-wide risks.   

Chemical concentrations measured in surface water samples were used to evaluate the potential 
for adverse effects to aquatic life.  Data from each of the watersheds were compared to literature-
based toxicity values for aquatic life.  Both the maximum and mean concentrations of chemicals 
within each watershed were used to evaluate the potential for adverse effects to aquatic life from 
the presence of chemicals in surface water.   

Surface Water  

7.4.3 Exposure Modeling for Higher Trophic Level Wildlife 

Food web dose modeling was used in deriving the dose-based exposure estimates for wildlife.  
This section presents the methods used to quantify the potential exposure of wildlife to chemicals 
via the ingestion of food, surface water, and sediment/ soil.  The methods were derived based on 
equations presented in EPA (1993) and Sample et al. (1996).  The equations and exposure 
parameters discussed below are consistent with EPA (1997b) guidance and standard risk 
assessment practice.   

Chemicals in the exposure media for each receptor were evaluated in the exposure models.  
Concentrations of these chemicals within other media to which a receptor could be exposed were 
then also considered for evaluation, whether or not they were chemicals within that media.  For 
example, for greater roadrunner, all chemicals that were COPCs in either surface soil or surface 
water were evaluated in the exposure model.  Using such an approach, concentrations of 
chemicals within surface water which were not COPCs in surface water, but were COPCs in 
surface soil, were included in the model.  Based on the exposure models presented in the 
following sections, all surface soil and surface water COPCs were evaluated for pocket gopher, 
song sparrow, desert shrew, greater roadrunner, black-necked garter snake, coyote, red-tailed 
hawk and gopher snake.  All sediment and surface water COPCs were evaluated in the exposure 
models for great blue heron.  Wildlife exposure factors and uptake factors are presented in 
Tables 7-4 through 7-8; food web dose models for the Site and background for each receptor 
species are presented in Appendix H.   

It should be noted that, in general, conservative assumptions were used in the food web models.  
The objective of the models is to provide an upper bound risk estimate.  Accordingly, in almost 
all cases, actual risks are likely to be overestimated by the models.  Uncertainties associated with 
precautionary assumptions and other exposure estimation factors are discussed in Section 7.11.0. 

Two separate EPCs were used in food web dose modeling.  The initial measurement endpoint for 
each bird and mammal receptor consists of a screening level comparison of the maximum case 
scenario exposure estimate to no-effects benchmarks.  Therefore, the maximum concentration 
detected in surface soil was used as the EPC in exposure estimation for this endpoint.  Use of the 
maximum is highly precautionary and is likely to over-estimate risks because it assumes that that 
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wildlife spend 100% of their time inhabiting and feeding from the most contaminated sample 
location at the Site. 

Therefore, food web modeling for the other wildlife measurement endpoints was based on the 
mean concentration in surface soil.  The mean is a more realistic value for consideration of the 
site-wide population, because it assumes an average exposure across the Site.  As discussed 
above, the mean concentration of a chemical within a given sample data grouping was calculated 
by the EPA statistical software package proUCL version 4.0 which selected the most appropriate 
data distribution and associated methodology for calculating the mean.  The mean was calculated 
using the full reporting limit to represent non-detects.  Use of the mean based on the full 
reporting limit is precautionary, and produces an exposure estimate that is biased high.  This 
creates uncertainties that are discussed further in Section 7.11.0; however, it is consistent with 
the methods utilized in proUCL version 4.0.   

7.4.3.1 Ingestion of Chemicals from Abiotic Media 

As discussed in the conceptual model, terrestrial wildlife may ingest soil while foraging or 
grooming.  Therefore, food web models account for incidental ingestion of soil.  Based on their 
foraging and habitat characteristics, it was assumed for the purposes of the models that pocket 
gophers, greater roadrunners, black-necked garter snakes, coyotes, gopher snakes and red-tailed 
hawks would be exposed to soil.  The ingestion of soil by red-tailed hawks was assumed to be 
negligible based on information presented in EPA (1993b) and Sample and Suter (1994); soil 
ingestion is unknown for the snakes.  As discussed above, all chemicals within an abiotic media 
were evaluated via this potential exposure pathway.  The following equation was used to 
calculate the dose of chemical terrestrial wildlife would obtain from the ingestion of soil 
(Dosesoil/sediment, mg/kg): 

C * SI = Dose sedimentsoil/sedimentsoil/   
where: 

Dosesoil/sediment = amount of chemical ingested per day from soil/sediment (mg/kg bw-d); 
SI    = soil/sediment ingestion rate (kg/kg bw-d); and 
Csoil/sediment = chemical concentration in surface soil/sediment (mg/kg) 

 
Percent soil/sediment ingestion values taken from the scientific literature for the terrestrial 
wildlife species of concern were multiplied by the food ingestion rates (FI) for these species to 
estimate soil/sediment ingestion rates (SI).  A summary of the percent soil/sediment ingestion 
rates and food ingestion rates taken from the scientific literature is presented in Table 7-4. 

Exposures to surface water were calculated in a manner similar to those in soil by multiplying 
the daily drinking water ingestion rate by the concentrations of chemicals in surface water.  The 
following equation was used to calculate the upper bound dose of chemical that terrestrial 
wildlife could obtain from the ingestion of surface water: 

swsw C * IW = Dose        
 

where 
 Dosesw =  amount of chemical ingested per day from surface water (mg/kg bw-d); 
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 WI =  surface water ingestion rate (L/kg bw-d); 
Csw =  maximum chemical concentration in surface water (mg/kg). 

7.4.3.2 Ingestion of Chemicals from Food 

The following equation was used to calculate the dose of chemicals that a terrestrial wildlife 
species could obtain from the ingestion of food (Dose food/prey, mg/kg bw-d): 

C * FI = Dose food/preyfood/prey    

where: 
FI   =  food ingestion rate (kg/kg bw-d); 
Cfood/prey =   estimated maximum concentration of chemical in food (mg/kg). 

 
A summary of the food ingestion rates (FI) used in the BERA for each of the terrestrial wildlife 
species selected for evaluation is presented in Table 7-4.  The following section discusses the 
equations used to estimate chemical concentrations within each food group (Cplant/invert/prey). 

Plant tissue concentrations were derived from literature-based uptake factors for this receptor 
(Table 7-5).  Maximum case scenario dry weight plant tissue concentration was calculated by 
multiplying the dry weight soil times the uptake factor or, where a regression was used, by 
entering the dry weight soil or sediment concentration into the equation.  Mean case scenario 
tissue concentrations were calculated using the mean dry weight soil concentration.  Where 
conversion to wet weight values was required, terrestrial plants were considered to contain 75% 
moisture as a default (USACHPPM, 2004). 

Exposure Point Concentrations in Terrestr ial Plants   

Soil invertebrate concentrations were derived from literature-based uptake factors for uptake in 
earthworms (Table 7-6).  Maximum case scenario dry weight worm tissue concentration was 
calculated by multiplying the dry weight soil times the uptake factor or, where a regression was 
used, by entering the dry weight soil or sediment concentration into the equation.  Mean case 
scenario tissue concentrations were calculated using the mean dry weight soil concentration.  
Where conversion to wet weight values was required, soil invertebrates were considered to 
contain 75% moisture as a default (USACHPPM, 2004). 

Exposure Point Concentration in Soil Inver tebrates 

Small mammal concentrations were derived from literature-based uptake factors for uptake in 
small mammals (Table 7-8).  All small mammals combined, described as “general,” were 
selected to model chemical accumulation in small mammals because dietary information 
indicates that for red-tailed hawks and coyotes a range of rodents and lagomorphs are the 
predominant small mammal food items (USACHPPM 2004).  Maximum case scenario dry 
weight mammal tissue concentration was calculated by multiplying the dry weight soil times the 
uptake factor or, where a regression was used, by entering the dry weight soil or sediment 

Exposure Point Concentrations in Small Mammals 



  EA Project No. 14342.34 
  Page 215 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

concentration into the equation.  Mean case scenario tissue concentrations were calculated using 
the mean dry weight soil concentration.   

Fish were selected as representatives of the potential for chemicals to accumulate from surface 
water into aquatic food items.  In the SLERA, fish were used as model prey items to evaluate the 
potential for adverse effects to piscivorous birds (as represented by great blue herons), because 
they are important dietary components for these species.   

Exposure Point Concentrations in Aquatic Prey Items 

In the SLERA, literature-based water-to-fish uptake factors or bioaccumulation equations were 
used to estimate concentrations of COPCs in fish tissue using the following equation: 

 UPF* C  C waterfish =            

where: 
Cwater = maximum concentration of COPC in water (mg/L); 
UPF = uptake factor for chemicals in fish (unit less). 
 
The maximum concentrations of surface water detected at each site were used as the Cwater value 
in the equation.  UPFs and log Kows for organic chemicals, and their sources are summarized in 
Table 7-7.  In the absence of a literature-based bioaccumulation model or uptake factor for a 
COPC, an accumulation factor of one was used to estimate chemical concentrations in fish.  Use 
of this default accumulation factor is expected to provide a conservative estimate of 
accumulation for most chemicals and is expected to overestimate accumulation for non-
bioaccumulative compounds. 

The total dietary exposure doses for small herbivorous mammals (pocket gopher) and birds (song 
sparrows) (Dosetotal(gopher/sparrow), mg/kg bw-d) for the evaluated chemicals were determined using 
the following equation: 

Total Chemical Ingestion 

    Dose + Dose + Dose = Dose watersoilplanttotal   
 
where: 
Doseplant =  amount of chemical ingested per day from plants (mg/kg bw-d); 
Dosesoil  =  amount of chemical ingested per day from soil (mg/kg bw-d); 
 
 
The total dietary exposure doses for small insectivorous mammals (desert shrew), reptiles (black-
necked garter snake), amphibians (Great Plains toad) and birds (greater roadrunner) 
(Dosetotal(shrew/roadrunner/garter snake/toad), mg/kg bw-d) for the evaluated chemicals were determined 
using the following equation: 

    Dose +Dose + Dose = Dose watersoilinverttotal   
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where: 
Doseinvert  =  amount of chemical ingested per day from invertebrates (mg/kg bw-d); 
Dosesoil   =  amount of chemical ingested per day from soil (mg/kg bw-d); 
 
The total dietary exposure doses for predatory birds (red-tailed hawks), reptiles (gopher snakes) 
and mammals (coyotes) (Dosetotal(hawk/gopher), mg/kg bw-d) for the evaluated chemicals were 
determined using the following equation: 

    Dose +Dose + Dose = Dose watersoilpreytotal   
 
where: 
Doseprey =  amount of chemical ingested per day from prey (mg/kg bw-d); 
Dosesoil =  amount of chemical ingested per day from soil (mg/kg bw-d); 
 
The ingestion of soil by red-tailed hawk was assumed to be negligible based on information 
presented in EPA (1993b); soil ingestion is unknown for the snakes. 

The total dietary intakes are compared to dietary toxicity values to determine if adverse effects 
are likely to occur to terrestrial wildlife from the ingestion of chemicals in food, soil and surface 
water. 

7.5 TOXICITY ASSESSMENT 

This section derives toxicity values for use in evaluating exposure estimates for each 
representative receptors selected for evaluation.  The toxicity reference values (TRVs) represent 
concentrations or doses of the chemicals that are protective of the ecological receptors being 
evaluated.  TRVs are compared to EPCs or estimated doses to evaluate each chemical’s potential 
for adverse effects on the receptor in question.  The following sections summarize TRVs for each 
indicator species or community identified for evaluation.   

7.5.1 Overview of Bioavailability and Toxicity 

The toxicity of chemicals is related to their bioavailability.  Both inorganic elements and organic 
compounds may form complexes or compounds that bind them to soil or sediment and make 
them chemically inaccessible to ecological receptors.  Alternatively, these elements and 
compounds may be present in forms that are easily dissolved and absorbed, or in forms that tend 
to bind to biological tissues.  It is these forms of easily absorbed chemicals that are most toxic. 
Most TRVs are based on forms of chemicals that are readily bioavailable. 

7.5.1.1 Metals 

The conceptual model for the Site identifies metals as a primary concern for the Site.  For metals, 
bioavailability is governed largely by formation of metallic compounds, binding to the soil 
matrix, and speciation.  These factors also determine the likelihood of bioaccumulation.   

The compounds and bonds formed by metals are determined by reduction and oxidation (red-ox) 
reactions, by the dominant pH in sediment, and by the presence of organic carbon.  These factors 
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affect different metals in different ways.  Typically, mine tailings are acidic due to the 
production of sulfate compounds during the mining process.  Acidity increases the 
bioavailability of many cationic compounds, such as cadmium, chromium, copper, lead, silver, 
and zinc, which may become soluble at pHs below 5.  Some metals, such as aluminum, may also 
form complexes with iron oxides and hydroxides; this makes these metals less bioavailable and 
less mobile.  The effects of acidity on other metals is complex; arsenic, for example may form 
compounds that are less bioavailable under acidic conditions; however, it may also become more 
bioavailable if arsenic bound to iron hydroxide compounds is released (Bodek et al. 1988).   

The pH of Site soils and sediments ranged from highly acidic (pH of 2.6) in Iron King Mine 
tailings to relatively alkaline (pH of 9.0) in ash from the Humboldt Smelter.  ABA was 
conducted for samples from the large tailings pile in the Iron King Mine portion of the Site.  This 
technique involves testing the soil to determine whether it is likely to produce acidic conditions.  
The tailings demonstrate a high potential for acidification based on their very low ABA scores.  
These scores were much lower than background scores.  Based on this information, cationic 
metals associated with tailings are likely to be highly bioavailable.   

Suface soil samples from 0 to 0.5-feet were collected from the Small Tailings Pile and the 
Humboldt Smelter Ash Pile.  The reported ABP for the Small Tailings Pile is -58 t CaCO3/Kt 
and based on the ABA and SPLP analyses, the tailing has a low potential to generate AMD.  The 
reported ABP for the Humboldt Smelter Ash Pile is 74 t CaCO3/Kt, which means that it is not 
likely to generate AMD.  The ash material has a moderate neutralizing potential and relatively 
small amount of acid generating potential.  Based on these analyses, as well as SPLP testing, the 
ash pile does not have a potential for generating AMD, but may have some acid neutralizing 
potential.  Surface soil/sediment samples were taken from the Lower Chaparral Gulch.  The 
reported ABP for sample locations HSJ-582, HSJ-583, and HSJ-584 were -63,-112, and -80 t 
CaCO3/Kt, respectively.  These analyses indicate that the mine tailings have a moderate 
potential to generate AMD.  Samples from CG-22 collected and submitted for ABA analyses 
reported that the ABP for the sample collected from 0.5 to 2-feet bgs and the sample collected 
from 7 to 8-feet bgs were -7 and -9 t CaCO3/Kt, respectively.  This means that this material is 
indeterminate to generate AMD.  Further SPLP testing showed that AMD may occur at location 
CG-22 behind the dam. 

Red-ox conditions and pH also determine the speciation of metals.  Some metals may exist in 
different valence states or chemical forms that demonstrate different toxicity and bioavailability.  
For example, arsenic can be found in nature as As III or As V, with higher toxicity and mobility 
typically exhibited by As III (EPA, 2005c).  Studies were conducted to identify the chemical 
forms of lead and arsenic present in the soil and sediment of the Site.  In the tailings pile at the 
Iron King Mine, the sediment in Chaparral Gulch, and soil and ash from Humboldt Smelter, lead 
was bound primarily in the form of iron sulfate compounds and their hydrates.  These 
compounds are somewhat soluble.  The Iron King Mine tailings also included lead carbonates, 
which are more soluble.  

Arsenic sorbed on amorphous iron oxides (As[III] and As[V]) has bioavailability close to 100%.  
Speciation studies of arsenic showed that arsenic throughout the Site is present as the less toxic 
As V bound in arsenoferihydrites, with the exception of the tailings pile at the Iron King Mine, 
which is predominated by As III bound in arsenopyrite. 
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Based on the above information, wildlife models and TRVs from the literature which are 
typically based on readily bioavailable forms of metals are most applicable to the tailings pile at 
the Iron King Mine, and are most relevant for lead, which is present in somewhat soluble forms.  
TRVs for arsenic in locations other than the large tailings pile may overestimate risks, since most 
of the arsenic is present as As V.   

7.5.1.2 Organic Compounds 

The conceptual model for the Site identifies a small number of organic compounds as concerns 
for specific areas.  For organic compounds, the primary factors determining persistence, 
mobility, and fate are: 1) degradation, 2) volatilization, and 3) binding to sediment or in tissue.  
Many classes of organic compounds, including chlorinated VOCs and SVOCs, PAHs, and some 
pesticides, degrade over time, resulting in lower concentrations.   

Another factor affecting VOCs and SVOCs is volatilization.  Concentrations of these chemicals 
may decrease in sediment and surface water over time due to transfer to and dispersion in the air.  
Volatilization may be an important factor in eliminating them from sediment.  Expected 
contributions of these chemicals to air pathways are insignificant. 

Perhaps the most important factor affecting fate of organic compounds in sediment is their 
affinity for binding to fine-grained soils and organic matter.  Many organic compounds, such as 
PCBs and pesticides, are hydrophobic and will bind tightly to these soil and sediment particles.  
This drastically decreases the mobility of these compounds, preventing them from dissolving in 
pore water and the water column.  However, while the hydrophobicity of these organic 
compounds may decrease solubility, it may also increase their uptake into the tissues of biota and 
the potential for bioaccumulation.  Hydrophobic compounds may bioaccumulate and biomagnify 
in fats and lipids within fish, invertebrates or wildlife (EPA 2000b). 

7.5.2 Plants 

To assess the potential for inorganic and organic chemicals to adversely affect plants, soil 
concentrations were compared to TRVs protective of plants (Table 7-9) (Efroymson et al. 1997a; 
EPA 2005 f-h; EPA 2006; EPA 2007a, d-e, h, i).  TRVs protective of plants were used to assess 
the potential for inorganic and organic chemicals to adversely affect plants (Efroymson et al. 
1997a).  TRVs from studies by Efroymson et al. (1997b) were established at a level associated 
with a 20% reduction in growth or other measured toxicological endpoint.  This level is 
consistent with other screening level benchmarks for ecological risk assessment and the current 
regulatory approach.  TRVs from EPA Ecological Soil Screening Levels (EcoSSL) are based on 
statistical evaluation of NOAEL and LOAEL values from multiple studies (EPA 2003 a-d, 2005 
c-h, 2006, 2007 a-g).  Because few toxicity values have been developed for organic chemicals, 
surrogate organic chemical TRVs were used for the evaluation of potential adverse effects to 
plants, as applicable.  

There are limitations associated with the toxicity values available for plants.  The majority of the 
plant toxicity information available from the scientific literature is for inorganic chemicals and 
has been based on the evaluation of potential adverse effects to agricultural crops from the 
presence of inorganic chemicals in soil.  Furthermore, the phytotoxicity of most chemicals varies 
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with the plant species and with the availability and form of a given chemical.  If a chemical is 
more bioavailable to a plant for absorption or uptake, the phytotoxic potential of the chemical 
increases.  Uncertainties associated with derivation of plant benchmarks are discussed in Section 
7.11.0. 

7.5.3 Terrestrial Invertebrates 

To assess the potential for inorganic and organic chemicals to adversely affect soil invertebrates, 
soil concentrations were compared to TRVs protective of soil invertebrates (Table 7-9) 
(Efroymson et al. 1997b; EPA 2005 b, d-f and h; EPA 2007 a, d, e, g-i; Reinecke and Nash 1984; 
Rhett et al. 1989; Cathey 1982).  TRVs protective of worms were used to assess the potential for 
inorganic and organic chemicals to adversely affect worms (Efroymson et al. 1997b).  TRVs 
from studies by Efroymson et al. (1997b) were established at a level associated with a 50% 
mortality or other measured toxicological endpoint for earthworms.  This level is consistent with 
other screening level benchmarks for ecological risk assessment and the current regulatory 
approach.  TRVs from EPA EcoSSL are based on statistical evaluation of NOAEL and LOAEL 
values from multiple studies (EPA, 2003 a-d, 2005 c-h, 2006a, 2007 a-g).  Because few toxicity 
values have been developed for organic chemicals, surrogate organic chemical TRVs were used 
for the evaluation of potential adverse effects to soil invertebrates, as applicable.  Many of the 
uncertainties identified for derivation of plant TRVs above also apply for derivation of worm 
TRVs.  Uncertainties associated with derivation of plant benchmarks are discussed in Section 
7.11.0. 

7.5.4 Aquatic and Benthic Organisms 

7.5.4.1 Exposures to Surface Water 

AWQC developed by EPA (1999b) for the protection of aquatic life were used to assess potential 
impacts to aquatic species from chemicals in surface water.  Chronic freshwater AWQC were 
used as TRVs to evaluate the potential for adverse effects to aquatic life from chemicals 
measured in the surface water samples, because chronic freshwater AWQC are the most 
representative of longer-term exposure likely to occur in these water bodies (Table 7-11).  
Hardness-dependent criteria were calculated according to equations given by EPA (1999b).  
Average hardness in several impoundments was very high (over 3000 mg/L); however, the 
maximum hardness value for which AWQC for metals can be calculated is 400 mg/L.  Average 
hardness in the Agua Fria River averaged as 266 mg/L.  Average hardness of 400 mg/L was used 
in calculating hardness dependent AWQC for the West and East exposure groupings, while 
average hardness of 266 mg/L was used in calculating hardness dependent AWQC for the Agua 
Fria River grouping.  When a chronic AWQC was not available for a particular chemical, the 
Tier II chronic value from Suter and Tsao (1996) was used as the TRV.  Table 7-11 includes 
Arizona Water Quality Standards for comparison purposes.  The Arizona Water Quality 
Standards have different values for warm waters and for ephemeral waters used by animals, 
plants, or other aquatic organisms; therefore, the water quality criteria for warm waters is 
presented for the Agua Fria group and the water quality criteria for ephemeral waters is 
presented for the East and West groups. 



  EA Project No. 14342.34 
  Page 220 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

7.5.4.2 Exposures to Sediment 

Several sources of toxicity data were used to identify the potential for chemicals in sediment to 
cause adverse effects to benthic communities (Table 7-10).  Effects-Range Low (ER-L) values 
were employed as TRVs to determine whether chemicals in the sediments are likely to impact 
benthic organisms.  ER-L values reported in Long et al. (1995), and alternatively in Long and 
Morgan (1990), were employed as TRVs to determine whether chemicals in the sediments are 
likely to impact aquatic communities.  Effects range values were derived from the compilation of 
the available sediment toxicity data for a chemical.  The ER-L value is equivalent to the lower 
10th percentile of the available toxicity data, which is estimated to be the approximate concen-
tration at which adverse effects are likely to occur in sensitive life stages and/or species. 

Threshold effects levels (TELs) for coastal sediments have been derived by MacDonald et al. 
(1996) using a weight-of-evidence approach based on the results of numerous laboratory, field, 
and modeling studies performed on coastal sediments.  The geometric mean was taken of the 
combined 15th percentile of results showing effects and the 50th percentile of results showing no 
effects.  TEL values are defined as values that are rarely associated with adverse biological 
effects.  These TELs were used in the absence of ER-Ls. 

In the absence of the above TRVs, the lowest was chosen from sediment quality benchmark 
(SQB) values in MacDonald et al. (2000), Jones et al. (1997), and ecotox threshold (ET) values 
from OSWER (1996).   

The methodology used to generate the SQBs is the equilibrium partitioning approach.  SQBs are 
derived by using the amount of total organic carbon in sediment to determine the amount of 
chemical partitioned in sediment porewater.  This value is then used in conjunction with AWQCs 
(EPA 1999b) or Tier II values from Suter and Tsao (1996) to set SQBs.  Values for SQBs were 
calculated using average sediment organic carbon values.  

ET values were derived using the EPA’s Ecotox Threshold software (ECOTOX), which derives 
site-specific ETs by adjusting for pH and hardness in surface water and total organic carbon in 
sediment. ECOTOX uses an organic carbon value of 1%. Hardness-dependent values were 
calculated according to equations given by EPA (1999b). The same hardness as was used for 
calculating TELs was used for calculating ETs.  ETs are derived by the ECOTOX program by 
selecting from EPA sediment quality criteria, literature based SQBs, and literature based ER-Ls.    

7.5.5 Wildlife 

Chemicals identified as having the potential to adversely affect terrestrial species were evaluated 
using dose-based toxicological benchmarks.  Two types of benchmarks were used, each 
corresponding to a different level of ecological impacts (Tables 7-12 and 7-13 for mammals and 
birds respectively).  First, modeled doses were compared to dose-based NOAELs.  NOAELs are 
doses that have been shown to cause no adverse impacts in test species.  The NOAELs used in 
this ERA were derived, in descending order of preference, from studies by EPA (EPA, 2003 a-d, 
2005 c-h, 2006a, 2007 a-g) and by Oak Ridge National Laboratory (ORNL) (Sample et al., 
1996).  The ORNL NOAELs were generally derived based upon measurements of survival, 
growth, or reproduction in the laboratory.  Values from EPA EcoSSLs were derived through 
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statistical analyses of results from multiple toxicological studies with multiple endpoints.  
Because NOAELs are precautionary and highly protective, they were used as TRVs in this ERA.   

The second set of benchmarks utilized were LOAELs.  These are doses at which a very low level 
of adverse effect was observed on individual test organisms.  The severity of effects considered 
“low level” varies based on the study from which LOAELs are derived; in general, they 
correspond to minor changes in growth or reproduction.  LOAELs are useful because there is 
considerable uncertainty associated with NOAELs.  Because NOAELs are associated with no 
effects in a test study, it is uncertain whether they are close to or far below the threshold value at 
which effects would first be observed.  LOAELs thus serve to bound the range of NOAELs, and 
the threshold of toxic effects is considered to lie between the NOAEL and the LOAEL.  
Therefore, LOAELS were also utilized as TRVs.  In some cases, LOAELs were available from 
studies by ORNL (Sample et al. 1996).  When LOAELs were not available from this source or 
exceeded more reliable NOAELs from EPA EcoSSL sources, the data provided in EPA EcoSSL 
documents was used to derive LOAELs; this was performed for PAHs, arsenic, barium, cobalt 
and silver.  In all cases, the geometric mean of the bounded LOAELs for growth and 
reproduction was calculated; this approach is similar to that used for derivation of many EcoSSL 
NOAELs. 

In general, chemical exposures and toxicity were evaluated on a chemical-by-chemical basis.  
However, combined effects were evaluated for two classes of chemicals.  The first of these are 
the dioxins and furans.  Studies have shown that various dioxin congeners may cause impacts on 
wildlife by the same mode of toxic action; these studies also provide a means of weighting and 
summing the different dioxin congeners to determine their combined toxicity (Van der Berg 
1998, 2006).  This is done by multiplying the concentration of each dioxin congener by a toxicity 
equivalency factor (TEF) that relates all dioxin toxicity to that of 2,3,7,8-TCDD, which is most 
toxic.  Concentrations are multiplied by the TEF and then summed to produce a toxic equivalents 
quotient (TEQ) that can be compared to benchmarks for 2,3,7,8-TCDD.  Toxicity evaluation 
using TEQs is performed for birds and mammals throughout the ERA. 

The second group evaluated for combined toxicity is the PAHs.  EPA studies show that the 
PAHs can be grouped into high molecular weight (HMW) and low molecular weight (LMW) 
groups and concentrations summed for comparison to benchmarks (EPA 2007d).  EcoSSLs are 
available for soil invertebrates and mammals.  TRVs were obtained from Efroymson et al. 
(1997a) for plants and Oak Ridge (1996) for birds.  Toxicity evaluation using summed PAHs 
concentrations is performed for plants, soil invertebrates, birds and mammals throughout the 
ERA. 

When applicable, surrogate organic chemical TRVs were used for the evaluation of potential 
adverse effects to wildlife.  When applicable, surrogate organic chemical TRVs were used for the 
evaluation of potential adverse effects to wildlife.  In cases where toxicological benchmarks or 
appropriate surrogates were not available for chemicals, the scientific literature was reviewed for 
oral toxicity data.  A dose that is protective was identified from the available scientific literature 
to develop a TRV for each chemical.  The following criteria were used to select the dose values: 
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• Doses based on the indicator species selected for evaluation were used preferentially; 
however, if toxicity information was not available for these species, doses for animals 
within the same class as the indicator species were used.   

• Data for reproductive or growth effects were used preferentially; otherwise, the lowest 
dose (i.e., most conservative) for which a NOAEL or LOAEL was available was used.   

• Chronic data were used in preference to subchronic or acute data, and NOAELs were 
used in preference to LOAELs and median lethal dose (LD50s).  

Doses were then used to derive TRVs for avian and mammalian species as described in the 
following paragraphs.  Avian TRVs were derived using daily doses from various references (see 
Table 7-16) and the following equation: 

    / UcFd  TRV =      

where: 
d = literature-based daily dose (mg/kg bw-d); and 
UcF = total uncertainty factor. 
 

The UcFs used were taken from Sample et al. (1996) and Wentsel et al. (1994).  The magnitude 
of the uncertainty factor is dependent upon both the length of the toxicological study used (i.e., 
chronic, subchronic, acute) and the endpoint measured (i.e., NOAEL, LOAEL, LD50).   

TRVs could not be derived for certain chemicals due to a lack of available information in the 
scientific literature.  Toxicity data were also lacking for reptiles and amphibians.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.6 RISK CHARACTERIZATION FOR THE WEST EXPOSURE GROUPING 

The purpose of the risk characterization is to evaluate the lines of evidence provided by testing 
measurement endpoints and draw conclusions regarding the potential for risks to each 
assessment endpoint/representative receptor.  The risks associated with each assessment endpoint 
applicable for the West Exposure Grouping are characterized below using the exposure 
modeling, toxicity values, and survey data to test the measurement endpoints outlined in Section 
7.3.0.  Each measurement endpoint provides lines of evidence that are brought together in the 
final risk characterization using a qualitative weight of evidence approach.   

7.6.1 Overview of the West Exposure Grouping 

The West Exposure Grouping comprises the entire Iron King Mine property (Figure 2-1).  This 
includes the large tailings pile, plant areas, and impoundments of the mine; the operations area, 
including buildings, mechanical rooms, mineshafts, and glory hole; and a former fertilizer plant 
which includes abandoned buildings, pads, sumps, tanks, ore bin, and waste rock.  Most of the 
samples collected from the Site were collected from these areas, with soil samples collected from 
source material and soil around developed areas, and sediment and surface water collected from 
ponds, ditches, and impoundments.  The habitat in these areas is sparse and of generally poor 
quality (Figure 3-3).   
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Sampling within the West Exposure Grouping also includes areas outside the mine area proper.  
These include the streambeds of the Upper Chaparral Gulch west of Highway 69 and the entirety 
of Galena Gulch (Figure 2-1).  These streambeds are dry for most of the year and contain water 
only during heavy precipitation (Figure 2-3); therefore they are not considered to provide aquatic 
habitat.  Solid media from these streambeds is considered most relevant as soil for ecological 
exposures.  The exposure grouping also includes a small number of soil samples from chaparral 
habitats beyond the limits of the mine; samples from this area are included as soil.  Habitats in 
these areas are of higher quality than those within the mine area proper (Figure 3-3).   

For the West Exposure Grouping, chemical analytical results from 254 soil samples, 23 sediment 
samples, and 53 surface water samples (Table 7-1) were used as the basis for EPCs, which are 
summarized in Table 7-14.  Only a subset of the surface water samples were identified as 
maintaining standing water long enough to potentially support aquatic life and are located in 
ponds on the Site (Table 7-1).  The remaining samples locations were identified as maintaining 
standing water for too short a period to support aquatic life, although they could serve as a 
temporary source of drinking water for wildlife (Table 7-14).   

Analytical results for sample locations within the West Exposure Grouping show that 
concentrations of metals are highly elevated above background concentrations in soil, sediment, 
and surface water (Table 7-14).  Most notable among these are arsenic, lead, and several cationic 
metals such as zinc (Figures 5-1 to 5-6, 5-13 to 5-20).  Highest concentrations of metals are 
found in the mine area proper and the fertilizer plant, as indicated by arsenic concentrations 
above 1000 mg/kg.  Concentrations in the remainder of the Site are lower, as indicated by arsenic 
concentrations less than 500 mg/kg, with many concentrations in the gulch and glory hole close 
to background. 

In addition to the chemical analytical data used to develop EPCs, speciation and acid-base-
accounting data were used in qualitative evaluation of the applicability of metal bioavailability.  
As discussed in Section 7.5.1, examination of these data show that cationic metals such as copper 
lead and zinc are likely to be bioavailable from mine tailings due to their high acidity.  The pH of 
site soils and sediment is relatively acidic in areas containing tailings, including the tailings piles, 
mine areas, outfalls, ponds, and small portions of the gulches.  Most pHs were neutral or slightly 
alkaline in other areas. 

Speciation data indicate that lead is bound in forms that are not immediately soluble, but which 
may be readily solubilized by acidification or through ingestion/digestion.  Arsenic is present in 
more bioavailable form in the tailings pile, and less bioavailable form in other portions of the 
exposure grouping. 

7.6.2 Data Evaluation for Terrestrial Plants in the West Exposure Grouping 

The conceptual model for the West Exposure Grouping identifies protection of terrestrial plant 
survival, growth, and reproduction from impacts of COPCs in soil as an assessment endpoint.  
The following measurement endpoints were evaluated as indicators of risk to terrestrial plants 
(Table 7-3): 
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• Comparison of the maximum chemical concentrations to benchmarks protective of 
plants; 

• Comparison of the mean chemical concentrations to benchmarks protective of plants; and 

• Qualitative evaluation of vegetative communities at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.  Measurement endpoints using site-specific vegetative 
survey data are given less weight due to the qualitative nature of this data; however, they are 
considered important in light of the fact that maximum concentration comparisons are highly 
conservative.  

7.6.2.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Plants 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of plants.  Because 
these benchmarks are directly relatable to the potential for toxic effects, they are referred to as 
TRVs.  Section 7.3.0 presents the selection of plant community TRVs.  While literature-based 
TRVs are not site-specific, these comparisons provide a highly precautionary estimate of the 
potential for risk.  The following null hypothesis is tested for this endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for plants. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 15 metals exceed 
TRVs protective of plants grown in soil (Table 7-15).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with maximum concentrations exceeding plant TRVs are listed 
below with the associated maximum HQs in parentheses.   

 
 
Inorganics 
• Aluminum (578) 
• Antimony (38) 
• Arsenic (667) 
• Cadmium (1.7) 
• Chromium (87) 

 
 
 

• Cobalt (4.5)  
• Copper (17) 
• Lead (139) 
• Manganese (8.5) 
• Mercury (217) 

 
 
 

• Nickel (1.2) 
• Selenium (173) 
• Thallium (17) 
• Vanadium (78) 
• Zinc (103) 
 

Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Plant TRVs are not available for dioxins/furans, inorganics, five metals, 12 
pesticides, two SVOCs, and six VOCs.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0. 



  EA Project No. 14342.34 
  Page 225 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

7.6.2.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Plants 

Comparison of mean chemical concentrations in soil to plant TRVs was considered as a second 
measurement endpoint.  The mean is a general indicator of population-wide exposures; use of the 
mean as a comparison value is not precautionary, and results must be interpreted in light of the 
spatial distribution of chemical concentrations.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for plants. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 13 metals exceed TRVs 
protective of plants grown in soil (Table 7-15).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with mean concentrations exceeding plant TRVs are listed below 
with the associated mean HQs in parentheses. 

Inorganics 
• Aluminum (289) 
• Antimony (4.8) 
• Arsenic (60) 
• Chromium (16) 
• Cobalt (1.1)  

 
• Copper (2.1) 
• Lead (11) 
• Manganese (3.1) 
• Mercury (19) 

 
• Selenium (30) 
• Thallium (4.2) 
• Vanadium (29) 
• Zinc (13) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Examination of the spatial distribution of several metals known to be associated with 
mining activities at the Site (arsenic, lead, and zinc) show that high concentrations are associated 
primarily with the tailings piles; the impoundments near the tailings pile, areas of waste rock; 
and the glory hole (Figures 5-1 to 5-6, 5-13 to 5-20).  Plant TRVs are not available for 
dioxins/furans, inorganics, five metals, 12 pesticides, two SVOCs, and six VOCs.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.6.2.3 Measurement Endpoint 3:  Qualitative Evaluation of Habitat Survey Data 

While habitat survey data does not quantify plant community metrics at the Site, it does provide 
site-specific information that may be more relevant than benchmark comparisons which do not 
consider site-specific conditions.  Therefore, results of the habitat survey were used to test the 
following measurement endpoints:  

• Ho:  Vegetative communities on the East or West Grouping show no signs of vegetative 
stress. 

• Ho:  Vegetative communities on the East or West Grouping contain similar species to those 
on the In-Town Groupings. 

The West Grouping contains a large area of development and disturbance surrounded by 
chaparral and riparian habitats.  The disturbed area consists primarily of bare or sparsely 
vegetated ground associated with the Iron King Mine.  The developed area includes a large 
tailings pile, the glory hole, the operations area and retention ponds.  The tailings pile is barren of 
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vegetation and the glory hole has just a few plants scattered throughout (Appendix E, 
Photographs 16 and 18).  On the western portion of the West Grouping, in the areas surrounding 
the glory hole and some of the existing buildings where mulched wood has been spread, a 
population of tumbleweed has been established (Appendix E, Photograph 19).  Tumbleweed is a 
species of plant that readily grows in disturbed soils and the mulched wood probably holds 
enough moisture to allow the tumbleweed to grow.  The areas around the retention ponds are 
mostly bare, although early successional growth was observed at the easternmost ponds.  The 
portion of the Galena Gulch that borders the southwest edge of the Site has been disturbed from 
construction activities and does not contain a vegetative community.  In the area in the northern 
portion of the West Grouping that exhibits a typical chaparral habitat, many Arizona walnut trees 
displayed signs of stress.  The crowns of these trees were bare while the lower limbs contained 
full foliage and fruits.  The stress may be due to extended periods of drought or it might be due 
to metals or other contaminants leached from the mine.  Many of the features mentioned above 
are documented in Appendix E, Photographic Documentation. 

The West Grouping plant communities show signs of stress compared to chaparral habitat.  Iron 
King Road separates the West Grouping from the chaparral habitat.  The vegetative habitat is 
typical of an inland chaparral habitat, dense with shrub live oak and few grasses.  The area 
beyond the glory hole and continuing west of the Site is also representative of chaparral habitat.  
Likewise, the portions of upland vegetation adjacent to the riparian corridor along the Chaparral 
Gulch appears to be healthy chaparral habitat. 

7.6.2.4 Risk Characterization for Terrestrial Plants in the West Exposure Grouping 

The risk characterization section for terrestrial plants evaluates the information available for the 
Site, including the results for the measurement endpoints tested above to provide a conclusion 
regarding the potential for adverse effects on plant survival, growth, and reproduction from 
chemicals in soil.   

As discussed in Section 7.6.1, the Iron King Mine portion of the exposure grouping is heavily 
disturbed and provides poor habitat for plants.  The area has likely been impacted by both 
physical and chemical factors.  Sampling shows that highest concentrations of chemicals are 
located throughout the Iron King Mine Proper and the fertilizer plant area; concentrations are 
lower in other portions of the exposure grouping but still elevated above background 
concentrations. 

Three measurement endpoints were evaluated to aid in characterizing risks.  The first was a 
screening level comparison of the maximum EPC to soil benchmarks protective of plants.  This 
comparison identified 15 metals as exceeding benchmarks in at least one sample.  This is a 
highly precautionary indicator of risk because only the highest concentrations are evaluated.  
Therefore, mean concentrations were also compared to plant benchmarks and considered in light 
of spatial distribution of chemical concentrations as a second measurement endpoint.  Results 
showed that mean concentrations of 13 metals exceeded plant benchmarks (aluminum, antimony, 
arsenic, chromium, cobalt, copper, lead, manganese, mercury, selenium, thallium, vanadium, 
zinc).  Exceedances occurred throughout the grouping, although there were fewer in the areas 
beyond the developed areas.  The third measurement endpoint was qualitative evaluation of 
vegetative community health based on surveys during site visits.  East and West Grouping 
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communities showed obvious signs of stress, including bare areas and physiological indicators; 
these communities were markedly different than the In-Town Grouping communities.   

In summary, all of the available information indicates that there are potential risks to vegetative 
communities in the East and West Groupings.  Metals are identified as COPCs.  The metals with 
mean EPC exceeding benchmarks (aluminum, antimony, arsenic, chromium, cobalt, copper, 
lead, manganese, mercury, selenium, thallium, vanadium, zinc) are the COPCs most likely to 
cause widespread impacts; other metals may contribute to toxicity as well or cause impacts in hot 
spots.  Therefore, risks from metals to plants require consideration in either future risk 
assessment efforts or in management of risks; this is discussed further in Section 7.12.0.  
Uncertainties associated with this conclusion are discussed in Section 7.11.0. 

7.6.3 Data Evaluation for Terrestrial Invertebrates in the West Exposure Grouping 

The conceptual model for the West Exposure Grouping identifies protection of terrestrial 
invertebrate survival, growth, and reproduction from impacts of COPCs in soil as an assessment 
endpoint.  The following measurement endpoints were evaluated as indicators of risk to 
terrestrial invertebrates: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
invertebrates; and 

• Comparison of the mean chemical concentrations to benchmarks protective of 
invertebrates. 

Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.   

7.6.3.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Invertebrates 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of invertebrates.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of invertebrate community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for invertebrates. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 10 metals exceed 
TRVs protective of invertebrates grown in soil (Table 7-16).  Chemicals with maximum 
concentrations exceeding invertebrate TRVs are listed below with the associated maximum HQs 
in parentheses.   
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Inorganics 
• Antimony (2.4) 
• Arsenic (200) 
• Barium (1) 
• Chromium (222) 

 
• Copper (15) 
• Lead (9.8)  
• Manganese (4.1) 

 
• Mercury (650) 
• Selenium (22) 
• Zinc (137) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Invertebrate TRVs are not available for inorganics, 10 metals, eight 
pesticides, two SVOCs, and seven VOCs.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0. 

7.6.3.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Invertebrates 

Comparison of mean chemical concentrations in soil to invertebrate TRVs was considered as a 
second measurement endpoint.  The mean is a general indicator of population-wide exposures; 
use of the mean as a comparison value is not precautionary, and results must be interpreted In 
light of the spatial distribution of chemical concentrations.  The following null hypothesis is 
tested for this endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for invertebrates. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 7 metals exceed TRVs 
protective of invertebrates grown in soil (Table 7-16).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with mean concentrations exceeding invertebrate TRVs are listed 
below with the associated mean HQs in parentheses.   

Inorganics 
• Arsenic (18) 
• Chromium (40) 
• Copper (1.8) 

 
• Manganese (1.5) 
• Mercury (57) 

 
• Selenium (3.8) 
• Zinc (17) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Examination of the spatial distribution of several metals known to be associated with 
mining activities at the Site (arsenic, lead, and zinc) show that high concentrations are associated 
primarily with the tailings piles; the impoundments near the tailings pile, areas of waste rock; 
and the glory hole.  Invertebrate TRVs are not available for inorganics, 10 metals, eight 
pesticides, two SVOCs, and seven VOCs.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0.  

7.6.3.3 Risk Characterization for Terrestrial Invertebrates in the West Exposure Grouping 

The risk characterization section for terrestrial invertebrates evaluates the available information 
for the West Exposure Grouping to determine the potential for adverse effects on invertebrate 
survival, growth, and reproduction from chemicals in soil.  Two measurement endpoints were 
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evaluated.  The first was a screening level comparison of the maximum EPC to soil benchmarks 
protective of terrestrial invertebrates.  This comparison identified 10 metals as exceeding 
benchmarks in at least one sample.  The use of the maximum EPC is highly precautionary, so 
mean concentrations were compared to invertebrate benchmarks and considered in light of 
spatial distribution of chemical concentrations.  Results show that mean concentrations of seven 
metals exceeded invertebrate benchmarks (arsenic, chromium, copper, manganese, mercury, 
selenium and zinc).   

In summary, evaluation of the available information and measurement endpoints indicates that 
there are potential risks to invertebrate communities.  Based on mean EPC exceedence of 
benchmarks, arsenic, chromium, copper, manganese, mercury, and zinc are identified as COPCs 
in soil; given the high maximum concentrations found on site, other metals may cause risks in 
hot spots.  Therefore, risks from metals to invertebrates require consideration in either future risk 
assessment efforts or in management of risks; this is discussed further in Section 7.12.0.  
Uncertainties associated with this conclusion are discussed in Section 7.11.0. 

7.6.4 Data Evaluation for Aquatic and Benthic Organisms in the West Exposure 
Grouping 

The conceptual model for the West Exposure Grouping identifies protection of aquatic and 
benthic organism survival, growth, and reproduction from impacts of COPCs in sediment and 
surface water as an assessment endpoint.  The surface water samples were taken from the 
holding ponds in the developed areas.  The quality of the aquatic habitats of the West Exposure 
Grouping is discussed in Section 7.6.4.5.  The following measurement endpoints were evaluated 
as indicators of risk to aquatic and benthic organisms: 

• Comparison of maximum detected chemical concentrations in sediment to benchmarks 
protective of benthic organisms;  

• Comparison of mean detected chemical concentrations in sediment to benchmarks 
protective of benthic organisms;  

• Comparison of maximum detected dissolved chemical concentrations in surface water to 
benchmarks protective of aquatic organisms; 

• Comparison of mean detected dissolved chemical concentrations in surface water to 
benchmarks protective of aquatic organisms; and 

• Qualitative evaluation of aquatic habitats at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution. 

It is important to note that the portions of Galena Gulch and Chaparral Gulch west of Highway 
69 are routinely dry and therefore were not evaluated as habitat for aquatic and benthic 
organisms.  The assessment for these receptors focused on ponds, impoundments, and outfalls 
where water is present for significant periods of time. 
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7.6.4.1 Measurement Endpoint 1:  Comparison of Maximum Sediment EPC to Benchmarks 
Protective of Benthic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in sediment to literature-based benchmarks protective of benthic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of benthic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Maximum concentrations of COPCs in sediment are not greater than or equal to 
literature-based TRVs for benthic organisms. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 11 metals exceed 
TRVs protective of benthic organisms exposed to sediment (Table 7-18).  HQs greater than or 
equal to one indicate potentials for risk.  Chemicals with maximum concentrations exceeding 
benthic organism TRVs are listed below with the associated maximum HQs in parentheses.   

Inorganics 
• Antimony (95) 
• Arsenic (707) 
• Cadmium (41) 
• Copper (17) 

 
• Iron (8.7) 
• Lead (293) 
• Manganese (2.3) 
• Mercury (274)  

 
• Nickel (1.5) 
• Silver (63) 
• Zinc (119) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Sediment TRVs are not available for 11 metals.  The uncertainty associated 
with the lack of TRVs is discussed in Section 7.11.0. 

7.6.4.2 Measurement Endpoint 2:  Comparison of Mean Sediment EPC to Benchmarks 
Protective of Benthic Organisms 

The second measurement endpoint evaluated was the screening-level comparison of mean 
chemical concentrations in sediment to literature-based benchmarks protective of benthic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of benthic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Mean concentrations of COPCs in sediment are not greater than or equal to literature-
based TRVs for benthic organisms. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 10 metals exceed TRVs 
protective of benthic organisms exposed to sediment (Table 7-18).  HQs greater than or equal to 
one indicate potentials for risk.  Chemicals with mean concentrations exceeding benthic 
organism TRVs are listed below with the associated mean HQs in parentheses.   
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Inorganics 
• Antimony (21) 
• Arsenic (319) 
• Cadmium (13) 
• Copper (7.7) 

 
• Iron (4.6) 
• Lead (93)  
• Manganese (1.1) 

 
• Mercury (76) 
• Silver (17) 
• Zinc (36) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Sediment TRVs are not available for 11 metals.  The highest concentrations of 
chemicals are located in the ponds and ditches around the tailings pile.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0. 

7.6.4.3 Measurement Endpoint 3:  Comparison of Maximum Surface Water EPC to Benchmarks 
Protective of Aquatic Organisms 

The third measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in surface water to literature-based benchmarks protective of aquatic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of aquatic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Maximum dissolved concentrations of COPCs in surface water are not greater than or 
equal to literature-based TRVs for aquatic organisms. 

 
Chemicals with maximum dissolved concentrations exceeding aquatic organism TRVs are listed 
below with the associated maximum HQs in parentheses.   

Inorganics 
• Aluminum (11,100) 
• Antimony (19) 
• Arsenic (1,370) 
• Barium (7.2) 
• Beryllium (2.7) 
• Cadmium (4,500) 

 
• Chromium (2.5) 
• Cobalt (57)  
• Copper (1,540) 
• Iron (11,900) 
• Lead (19) 
• Manganese (415) 

 
• Mercury (1.6) 
• Nickel (5.2)  
• Selenium (159) 
• Vanadium (103) 
• Zinc (4,580) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Surface water TRVs are not available for four metals.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0. 

7.6.4.4 Measurement Endpoint 4:  Comparison of Mean Surface Water EPC to Benchmarks 
Protective of Aquatic Organisms 

The forth measurement endpoint evaluated was the screening-level comparison of mean 
chemical concentrations in surface water to literature-based benchmarks protective of aquatic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
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they are referred to as TRVs.  Section 7.3.0 presents the selection of aquatic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Mean dissolved concentrations of COPCs in surface water are not greater than or equal 
to literature-based TRVs for aquatic organisms. 

Dissolved mean concentrations of 15 metals exceed TRVs protective of aquatic organisms 
exposed to surface water (Table 7-17).  Chemicals with mean dissolved concentrations 
exceeding aquatic organism TRVs are listed below with the associated mean HQs in parentheses.   

Inorganics 
• Aluminum (6,170) 
• Antimony (4.6) 
• Arsenic (391) 
• Barium (5.9) 
• Beryllium (1.9) 

 
• Cadmium (2,080) 
• Cobalt (26)  
• Copper (546) 
• Iron (2,320) 
• Lead (7.1) 

 
• Manganese (204) 
• Nickel (2.3)  
• Selenium (59) 
• Vanadium (24) 
• Zinc (1,740) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Surface water TRVs are not available for four metals.  The uncertainty associated 
with the lack of TRVs is discussed in Section 7.11.0. 

7.6.4.5 Measurement Endpoint 5:  Qualitative Evaluation of Aquatic Habitats 

While habitat survey data does not quantify aquatic community metrics at the Site, it does 
provide site-specific information that may be more relevant than benchmark comparisons which 
do not consider site-specific conditions.  Therefore, results of the habitat survey were used to test 
the following measurement endpoints:  

• Ho:  Aquatic and benthic communities in East or West Groupings show no signs of stress. 

• Ho:  Aquatic and benthic communities in East or West Groupings contain similar species to 
those in In-Town Groupings. 

The potential aquatic habitats of the West Exposure Grouping include the Galena Gulch, 
Chaparral Gulch, ponds, impoundments and outfalls/washes.  The Galena and Chaparral Gulches 
are too dry to support aquatic and benthic communities.  Under normal conditions, these gulches 
only hold water during rain events where flash floods often occur.  During the habitat survey 
(EnviroSystems 2008), the ponds, impoundments and outfalls were observed.  The tailings ponds 
are man-made structures used during the mining process.  These ponds did not contain any 
aquatic or benthic organisms at the time of the survey.  The man-made retention ponds are 
located at both the east and west ends of the tailings ponds.  The water of most of the ponds was 
a deep red color with a sulfuric odor (See Appendix E, Photograph 17).  One of the ponds west 
of the tailings pile had a white surface residue and an oily sheen.  Tailings were present in all of 
the retentions ponds.  Several outfalls were also observed during the habitat survey.  All of the 
outfalls were dry at the time of the survey and are not expected to hold any substantial amount of 
permanent water; therefore, the outfalls are not considered to be viable habitat for aquatic or 
benthic organisms.  At the time of the habitat survey, no aquatic habitats off site were observed. 
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7.6.4.6 Risk Characterization for Aquatic and Benthic Organisms in the West Exposure 
Grouping 

The risk characterization section for aquatic and benthic organisms evaluates the results for 
measurement endpoints above to provide a conclusion regarding the potential for adverse effects 
from chemicals in sediment and surface water on survival, growth, and reproduction of aquatic 
and benthic organisms.  Five measurement endpoints were evaluated.  First, maximum EPCs in 
sediment and surface water were compared to sediment and surface water benchmarks protective 
of aquatic and benthic organisms.  These comparisons identified 11 metals in sediment and 17 
metals in surface water as exceeding benchmarks in at least one sample.  The use of the 
maximum EPC alone is highly conservative and appropriate only for screening level 
conclusions.  Therefore, additional measurement endpoints were considered. 

Mean concentrations were then compared to benchmarks and considered in light of spatial 
distribution of chemical concentrations.  Results showed that mean concentrations of 10 metals 
in sediment and 15 metals in surface water exceeded benchmarks.   

The fifth measurement endpoint consisted of a qualitative evaluation of aquatic and benthic 
organism habitat and communities.  Chaparral and Galena Gulches were not considered aquatic 
habitats west of Highway 69 because they are routinely dry.  The ponds, impoundments, and 
ditches which more frequently contain water were the focus of the evaluation.  Otherwise, the 
ponds and impoundments are man-made features mostly devoid of aquatic communities.   

In summary, all measurement endpoints indicate that there are potential risks to aquatic and 
benthic communities.  Concentrations of metals are elevated enough to pose risk to site-wide 
populations (as evidenced from the mean EPC comparisons); however, there are also hot spots of 
metal contamination.  Therefore, the finding of the risk characterization is that aquatic and 
benthic communities at the Site are potentially at risk from metals in sediment and surface water.  
Aquatic organisms are potentially susceptible to combined toxicity from metals.  Therefore, 
specific metals are not identified as COPCs, but arsenic, copper, lead, and zinc are identified as 
useful indicators of mining related impacts.  Highest concentrations in sediment and water were 
observed in ponds, impoundments and ditches in the vicinity of the tailings pile; these are 
completely man-made habitats.  Metals are carried forward for further consideration in the 
conclusions, which are discussed in Section 7.12.0.  The risk characterization bears a number of 
uncertainties that are discussed in Section 7.11.0. 

7.6.5 Data Evaluation for Mammalian Wildlife in the West Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of mammals from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from three feeding guilds – herbivores, insectivores, 
and predators – for assessment.  The following measurement endpoints were evaluated as 
indicators of risk to mammals: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of mammals;  
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• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of mammals; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of mammals; 

• Comparison of mean case scenario doses ingested through the food web to mean case 
scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.6.5.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil to NOAEL-based literature-based TRVs 
protective of mammals.  Section 7.4.0 presents the selection the factors used in exposure 
modeling and Section 7.5.0 presents the selection of mammal TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-19): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 

 
• Copper 
• Lead  
• Manganese 

 
• Selenium 
• Thallium 
• Zinc 
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Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 
• Chromium 

 
• Copper  
• Lead  
• Manganese 
• Nickel 
• Selenium 

 
• Silver 
• Thallium  
• Vanadium 
• Zinc 

PCBs 
• Aroclor-1242 
• Total PCBs 

 

Inorganics 

Predatory mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Lead 
• Selenium 

 
• Thallium 
• Zinc 

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for two inorganics, seven metals, one PCB, 
three SVOCs, and five VOCs.  The uncertainty associated with the lack of TRVs is discussed in 
Section 7.11.0: Uncertainties.   

7.6.5.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The second measurement endpoint evaluated is comparison of ingested doses for mammals 
based on mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic 
indicator of risk because the mean case scenario reflects exposures across the Site and across 
mammal populations, which are the focus of the ERA. The following null hypothesis was tested 
for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-19): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Lead 
• Selenium 

 
• Thallium 
• Zinc 
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Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 
• Chromium 

 
• Copper  
• Lead 
• Nickel 
• Selenium 

 
• Silver 
• Thallium  
• Vanadium 
• Zinc 

PCBs 
• Total PCBs 

 

Inorganics 

Predatory mammals 

• Aluminum 
• Arsenic 
• Thallium 

  

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for two inorganics, seven metals, one PCB, 
three SVOCs, and five VOCs.  The uncertainty associated with the lack of TRVs is discussed in 
Section 7.11.0: Uncertainties.   

7.6.5.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Mammals 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-19): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Arsenic 
• Selenium 
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Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Cadmium 
• Lead 
• Selenium 

 
• Thallium 
• Zinc 

 

Inorganics 

Predatory mammals 

• Aluminum 
• Arsenic 

  

 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
ten metals, including vanadium which exceeded the NOAEL for insectivorous mammals.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties. 

7.6.5.4 Measurement Endpoint 4:  Comparison of Modeled Doses for East and West Groupings 
to Modeled Doses for the In-Town Groupings for Mammals for Mean Case Scenarios 

Exposure estimates for the East and West Groupings can be compared to exposure estimates in 
the In-Town Groupings to aid in determining which chemical exposures may be source-related 
and which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate that doses in East and West Groupings are greater than 
those in In-town Groupings (Table 7-19): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 

 
• Thallium 

 

 
 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 

 
• Chromium 
• Nickel 
• Selenium 

 
• Thallium 
• Vanadium 
• Zinc 
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Inorganics 

Predatory mammals 

• Aluminum 
 

 
 

 

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Grouping.  

7.6.5.5 Risk Characterization for Mammals in the West Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to mammals.  First, maximum concentrations of chemicals 
were used as EPCs in food web exposure models to estimate doses for each representative 
receptor species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs 
and conservative exposure factors, several metals exceed TRVs for herbivorous, insectivorous, 
and predatory mammals.  Additionally, PCBs exceed TRVs for insectivorous mammals. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, 
metals exceed TRVs for herbivorous, insectivorous, and predatory mammals.  Additionally, total 
PCBs exceed the TRV for insectivorous mammals.   

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison identified three metals (aluminum, arsenic, and 
selenium) as exceeding LOAELs for herbivorous mammals.  Seven metals (aluminum, 
antimony, arsenic, lead, selenium, thallium, and zinc) exceeded LOAELs for insectivorous 
mammals.  Two metals (aluminum and arsenic) exceeded LOAELs for predatory mammals. 

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in In-Town Groupings.  Nearly all East and West Groupings doses of 
these metals exceeded the In-Town Grouping doses; In-Town Groupings doses for PCBs are not 
available. 

In summary, all four measurement endpoints evaluated indicate that there are potential risks to 
mammals in East and West Groupings.  Several metals (aluminum, antimony, arsenic, cadmium, 
selenium, thallium, and zinc) are identified as COPCs in soil and water for herbivorous, 
insectivorous, and predatory mammals based on mean case scenario exceedances of both 
LOAELs and In-Town Groupings doses.  Total PCBs are also identified as a COPC for 
insectivorous mammals.  Therefore, the finding of the risk characterization is that all three 
feeding guilds of mammals at the Site are potentially at risk from metals.  These chemicals are 
carried forward for further consideration in the conclusions, which are discussed in Section 
7.12.0.  The risk characterization bears a number of uncertainties that are discussed in Section 
7.11.0. 

7.6.6 Data Evaluation for Avian Wildlife in the West Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of birds from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
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model identified representative receptors from four feeding guilds – herbivores, insectivores, 
predators, and piscivores – for assessment.  The following measurement endpoints were 
evaluated as indicators of risk to birds: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of birds;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.6.6.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil, sediment, and surface water to NOAEL-based 
literature-based TRVs protective of birds.  Section 7.4.0 presents the selection the factors used in 
exposure modeling and Section 7.5.0 presents the selection of bird TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-20): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 

 
• Copper 
• Lead  
• Mercury 
• Selenium 

 
• Thallium 
• Vanadium 
• Zinc 

SVOCs 
• Butybenzylphthalate 
• Di-n-Butylphthalate 
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Inorganics 

Insectivorous birds 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 

 
• Copper 
• Lead  
• Mercury 
• Selenium 

 
• Silver 
• Thallium 
• Vanadium 
• Zinc 

 
SVOCs 
• Butybenzylphthalate 
• Di-n-Butylphthalate 

 

Inorganics 

Predatory birds 

• Aluminum 
• Arsenic 
• Lead 

 
• Vanadium 
• Zinc 

  

 

Inorganics 

Piscivorous birds 

• Aluminum 
• Arsenic 
• Cadmium  
• Chromium 

 
• Copper 
• Lead 
• Mercury 

 
• Selenium 
• Vanadium 
• Zinc 

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for four inorganics, eight metals, one SVOC 
and seven VOCs.  The uncertainty associated with the lack of TRVs is discussed in Section 
7.11.0: Uncertainties.   

7.6.6.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The second measurement endpoint evaluated is comparison of ingested doses for birds based on 
mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic indicator 
of risk because the mean case scenario reflects exposures across the Site and across bird 
populations, which are the focus of the ERA. The following null hypothesis was tested for this 
endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-20): 
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Inorganics 

Herbivorous birds 

• Aluminum 
• Arsenic 
• Copper 
• Lead 

 
• Selenium 
• Vanadium 
• Zinc 

SVOCs 
• Butybenzylphthalate 
• Dimethylphthalate 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Arsenic 
• Cadmium 
• Copper 
• Lead 

 
• Selenium 
• Thallium 
• Vanadium 
• Zinc 

 
SVOCs 
• Butybenzylphthalate 

 

No chemicals exceed NOAELs 

Predatory birds 

 
  

Inorganics 

Piscivorous birds 

• Arsenic 
• Cadmium 
• Copper 

 
• Lead 
• Mercury 

 
• Selenium  
• Zinc 

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for four inorganics, eight metals, one SVOC 
and seven VOCs.  The uncertainty associated with the lack of TRVs is discussed in Section 
7.11.0: Uncertainties.   

7.6.6.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Birds 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 
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When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-20): 

Inorganics 

Herbivorous birds 

• Arsenic 
• Lead 

 
• Selenium 
• Zinc 

 
 

 

Inorganics 

Insectivorous birds 

• Arsenic  
• Lead 

 
• Zinc 

SVOCs 
• Butybenzylphthalate  
 

 

 

No chemicals exceed LOAELs 

Predatory birds 

 

Inorganics 

Piscivorous birds 

• Arsenic 
• Copper 

 
• Lead 
• Selenium 

 
• Zinc 

 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
four inorganics, 12 metals (including thallium and vanadium which exceed NOAELs) and 15 
organics.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties. 

7.6.6.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in In-Town Groupings for Birds for Mean Case Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-20): 
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Inorganics 

Herbivorous birds 

• Arsenic 
• Barium 

 
• Copper 
• Vanadium 

 
 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Vanadium 
 

 
 

 

Inorganics 

Predatory birds 

• Vanadium 
  

 
 

No chemical doses in East and West Groupings are greater than those in the In-Town Groupings. 

Piscivorous birds 

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  TRVs are not available for eight metals and seven VOCs.  in 
In-Town Groupings doses are not available for SVOCs.  The uncertainty associated with the lack 
of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.6.6.5 Risk Characterization for Birds in the West Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to birds.  First, maximum concentrations of chemicals were 
used as EPCs in food web exposure models to estimate doses for each representative receptor 
species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs and 
conservative exposure factors, several metals exceed TRVs for herbivorous, insectivorous, 
predatory, and piscivorous birds.  Additionally, two to three SVOCs exceed TRVs for 
herbivorous and insectivorous birds. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, 
metals exceed TRVs for herbivorous, insectivorous, predatory, and piscivorous birds.  
Additionally, SVOCs exceed TRVs for herbivorous and insectivorous birds.   

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison identified four metals (arsenic, lead, selenium, and zinc) 
as exceeding LOAELs for herbivorous birds.  Three metals (arsenic, lead, and zinc) and one 
SVOC (butylbenzylphthalate) exceeded LOAELs for insectivorous birds, and five metals 
(arsenic, copper, lead, selenium, and zinc) exceeded LOAELs for piscivorous birds.  For 
predatory birds, no metals exceeded LOAELs. 
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The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Grouping areas.  Nearly all East and West Groupings 
doses of these metals exceeded the In-Town Grouping doses.  The In-Town Grouping doses for 
SVOCs are not available. 

Five metals exceeded LOAELs for piscivorous birds.  The dose for these chemicals is elevated 
due to high total concentrations detected in surface water which accumulate in prey items.  It is 
important to note that, as discussed in Section 7.6.3 above, the majority of the aquatic habitat at 
the Site is man-made and of poor quality.  It does not support substantial aquatic organism 
communities.  Therefore, piscivorous birds are unlikely to use these water bodies as significant 
sources of food and water.  Thus risks may be overestimated. 

In summary, all four measurement endpoints evaluated indicate that there are potential risks to 
birds in East and West Groupings.  Arsenic, lead, zinc, and butylbenzylphthalate are identified as 
COPCs in soil and water for insectivorous birds because mean case scenario doses exceeded both 
LOAELs and doses in reference areas.  Likewise, arsenic, lead, selenium and zinc are identified 
as COPCs in soil and water for herbivorous birds.  Arsenic, copper, lead, selenium and zinc are 
identified as COPCs in sediment and surface water for piscivorous birds using the same 
rationale; however, risks may be overestimated given the limited forage available at aquatic 
habitats at the Site.  There are no chemicals identified as COPCs for predatory birds.  The 
finding of the risk characterization is that three of the four feeding guilds of birds at the Site are 
potentially at risk from chemicals in soil, sediment, and water.  The COPCs are carried forward 
for further consideration in the conclusions, which are discussed in Section 7.12.0.  The risk 
characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.6.7 Data Evaluation for Reptiles and Amphibians in the West Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of reptiles and amphibians from impacts of COPCs in surface water, sediment, soil and food as 
an assessment endpoint.  As discussed, exposure and toxicity data for reptiles and amphibians are 
limited, and there are few means to quantitatively assess the potential for risks to these receptors.  
Therefore, this ERA includes two measurement endpoints that use qualitative means to assess 
risks to reptiles and amphibians.  The first measurement endpoint is an evaluation of the results 
for aquatic and benthic organisms as surrogate receptors; the second measurement endpoint is an 
evaluation of the results for birds and mammals as surrogate receptors.  The rationale behind 
these evaluations is that if exposure pathways produce exposures that are significant enough to 
pose risks to these surrogate receptors, then the same pathways may pose risks to reptiles.  There 
are significant uncertainties associated with this approach which are discussed in Section 7.11.0. 

7.6.7.1 Measurement Endpoint 1:  Qualitative Evaluation of Aquatic and Benthic Organisms as 
Surrogate Receptors 

Reptiles and amphibians in aquatic habitats may be exposed to chemicals through dermal contact 
with contaminated sediment and surface water and with food or water that has been ingested.  
Dermal contact and ingestion are also complete pathways for aquatic and benthic organisms.  
Toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species; therefore, an alternative means of assessing the 
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potential for risk was employed.  The ERA results for aquatic and benthic organisms were 
examined as surrogate receptors, and chemicals identified as COPCs for aquatic and benthic 
organisms are identified as COPCs for reptiles and amphibians.  The following hypothesis was 
tested: 

•  Ho:  The risk characterization for aquatic and benthic organisms as surrogate receptors 
identifies no COPCs. 

As presented in Sections 7.6.1 through 7.6.4 above, there is a substantial potential for risk posed 
to aquatic and benthic organisms at the Site, driven by metals in sediment and surface water.  
Aquatic organisms are potentially susceptible to combined toxicity from metals; therefore, all 
metals are considered COPCs.  Of these, arsenic, copper, lead, and zinc are identified as useful 
indicators of mining related impacts.  The highest concentrations in sediment and water were 
observed in ponds, impoundments and ditches in the vicinity of the tailings pile; all of which are 
completely man-made habitats.   

7.6.7.2 Measurement Endpoint 2:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in terrestrial habitats may be exposed to chemicals in soil and in food 
that has been ingested.  They share these exposure pathways with birds and mammals.  However, 
toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species.  Therefore, an alternative means of assessing the 
potential for risk was employed.  The ERA results for birds and mammals were examined as 
surrogate receptors.  Any chemicals identified as COPCs for birds and mammals are identified as 
COPCs for reptiles and amphibians.  The following hypothesis was tested: 

•  Ho:  The risk characterization for birds and mammals as surrogate receptors identifies no 
COPCs. 

As presented in Sections 7.6.1 through 7.6.5 above, there is a substantial potential for risk posed 
to birds and mammals at the Site.  This risk is driven by metals (Aluminum, arsenic, cadmium, 
chromium, copper, lead, mercury, selenium, silver, and zinc) and one SVOC 
(butylbenzylphthalate).    Therefore, these chemicals are considered COPCs for reptiles and 
amphibians. 

7.6.7.3 Risk Characterization for Reptiles in the West Exposure Grouping 

The risk characterization draws from a qualitative measurement endpoint as a line of evidence 
for evaluation of the potential for risks to reptiles and amphibians.  This endpoint was a review 
of the risk characterizations for benthic organisms, aquatic organisms, and avian and mammal 
receptors as surrogate receptors for reptiles and amphibians.  This review indicated that there are 
substantial risks posed to these surrogate receptors by metals in sediment and surface water and 
metals and the SVOC butylbenxylphthalate in soil and food items.  Based on this finding, metals 
and butylbenzylphthalate are recommended for further consideration.  There is uncertainty 
associated with the use of qualitative measurement endpoints and surrogate receptors that are 
discussed in Section 7.11.0: Uncertainties. 
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7.7 RISK CHARACTERIZATION FOR THE EAST EXPOSURE GROUPING 

The purpose of the risk characterization is to evaluate the lines of evidence provided by testing 
measurement endpoints and draw conclusions regarding the potential for risks to each 
assessment endpoint/representative receptor.  The risks associated with each assessment endpoint 
applicable for the East Exposure Grouping are characterized below using the exposure modeling, 
toxicity values, and survey data to test the measurement endpoints outlined in Section 7.3.0.  
Each measurement endpoint provides lines of evidence that are brought together in the final risk 
characterization using a qualitative weight of evidence approach.   

7.7.1 Overview of the East Exposure Grouping 

The East Exposure Grouping comprises the entire Humboldt Smelter property (Figure 2-2).  This 
includes abandoned buildings, a smelter stack, a tailings pile, a smelter ash pile, and a slag pile, 
with areas where ponds, pits and lagoons were reportedly used for historic smelting operaitons 
(Figure 2-2).  Most of the samples collected from the grouping were collected from within the 
Humboldt Smelter area proper, with soil samples collected from source material and soil around 
developed areas.  Some sediment and surface water samples were collected from ponds, ditches, 
and impoundments, although many samples were considered soil because the drainages are dry 
for most of the year.  The habitat in these areas is sparse and of generally poor quality (Figure 3-
4).   

The Humboldt Smelter tailings pile extends into the Chaparral Gulch streambed, where tailings 
have collected behind a dam (Figure 2-2).  Most of the middle Chaparral Gulch upstream of the 
dam is dry for most of the year; most samples from the streambed were considered soil in the 
risk assessment.  Some portions of the area immediately upstream of the dam maintain water for 
most of the year, and thus provide potential aquatic habitats.  Chaparral Gulch downstream of the 
dam and the Agua Fria River are both considered as aquatic habitats as part of the East Exposure 
Grouping (Figure 2-3); media from these aquatic habitats were considered sediment and surface 
water alone.  Habitat in Chaparral Gulch is of relatively low quality, while habitat in the Agua 
Fria River is of relatively high quality. 

Sampling within the East Exposure Grouping also includes areas outside the smelter area proper.  
These include soil south and east of the Site (Figure 2-2).  Habitats in these areas are of higher 
quality than those within the mine area proper (Figure 3-4).   

For the East Exposure Grouping, chemical analytical results from 127 soil samples, 33 sediment 
samples, and 79 surface water samples (Table 7-1) were used as the basis for EPCs, which are 
summarized in Table 7-21.  Some of the sediment samples were considered both soil and 
sediment because the water bodies they were collected from are dry for much of the year; others 
were considered as soil due to dry conditions.  Speciation and acid-base-accounting data was 
used in qualitative evaluation of the applicability of toxicity benchmarks; and habitat survey 
results were used to qualitatively evaluate the status of ecological communities at the Site. 

Analytical results for sample locations within the East Exposure Grouping show that 
concentrations of metals are highly elevated above background concentrations (Table 7-21).  
Most notable among these are arsenic, lead, and several cationic metals such as zinc 
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(Figures 5-21 to 5-35).  High concentrations of metals are found scattered throughout the Site in 
areas of tailings, slag and ash and behind the dam on Chaparral Gulch.  Concentrations are lower 
than those found at the Iron King Mine portion of the Site; very few arsenic concentrations were 
above 1000 mg/kg, although many were above 300 mg/kg. 

In addition to the chemical analytical data used to develop EPCs, speciation data were used in 
qualitative evaluation of the applicability of metal bioavailability.  As discussed in Section 7.5.1, 
examination of these data show that soil and ash from Humboldt Smelter, lead was bound 
primarily in the form of iron sulfate compounds and their hydrates.  These forms that are not 
immediately soluble, but may be readily solubilized by acidification or through 
ingestion/digestion.  Arsenic is present as less bioavailable As V. 

7.7.2 Data Evaluation for Terrestrial Plants in the East Exposure Grouping 

The conceptual model for the East Exposure Grouping identifies protection of terrestrial plant 
survival, growth, and reproduction from impacts of COPCs in soil as an assessment endpoint.  
The following measurement endpoints were evaluated as indicators of risk to terrestrial plants: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
plants; 

• Comparison of the mean chemical concentrations to benchmarks protective of plants; and 

• Qualitative evaluation of vegetative communities at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.  Measurement endpoints using site-specific vegetative 
survey data are given less weight due to the qualitative nature of this data; however, they are 
considered important in light of the fact that maximum concentration comparisons are highly 
conservative.  

7.7.2.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Plants 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of plants.  Because 
these benchmarks are directly relatable to the potential for toxic effects, they are referred to as 
TRVs.  Section 7.3.0 presents the selection of plant community TRVs.  While literature-based 
TRVs are not site-specific, these comparisons provide a highly precautionary estimate of the 
potential for risk.  The following null hypothesis is tested for this endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for plants. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 17 metals exceed 
TRVs protective of plants grown in soil (Table 7-22).  HQs greater than or equal to one indicate 
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potentials for risk.  Metals with maximum concentrations exceeding plant TRVs are listed below 
with the associated maximum HQs in parentheses.   

 
Inorganics 
• Aluminum (4,120) 
• Antimony (25) 
• Arsenic (1,120) 
• Barium (3.1) 
• Beryllium (2.8) 
• Cadmium (2.7) 

 
 

• Chromium (1,790) 
• Cobalt (4.6) 
• Copper (401) 
• Lead (61) 
• Manganese (17) 
• Mercury (126) 

 
 

• Nickel (33) 
• Selenium (119) 
• Thallium (9.2) 
• Vanadium (83) 
• Zinc (368) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these metals, 
although this measurement endpoint is highly precautionary because it assumes maximum 
exposure.  Plant TRVs are not available for dioxins/furans, four inorganics, six metals, eight 
pesticides, and acetophenone.  The uncertainty associated with the lack of TRVs is discussed in 
Section 7.11.0. 

7.7.2.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Plants 

Comparison of mean chemical concentrations in soil to plant TRVs was considered as a second 
measurement endpoint.  The mean is a general indicator of population-wide exposures; use of the 
mean as a comparison value is not precautionary, and results must be interpreted In light of the 
spatial distribution of chemical concentrations.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for plants. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 14 metals exceed TRVs 
protective of plants grown in soil (Table 7-22).  HQs greater than or equal to one indicate 
potentials for risk.  Metals with mean concentrations exceeding plant TRVs are listed below with 
the associated mean HQs in parentheses.   

Inorganics 
• Aluminum (768) 
• Antimony (2.0) 
• Arsenic (17) 
• Chromium (117) 
• Cobalt (1.3) 

 
• Copper (29) 
• Lead (3.7) 
• Manganese (3.2) 
• Mercury (4.5) 
• Nickel (2.8) 

 
• Selenium (13) 
• Thallium (2.5) 
• Vanadium (23) 
• Zinc (11) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these metals.  
In terms of spatial distribution, mining related metals such as arsenic and lead at the Humboldt 
Smelter have lower maximum concentrations but are more widely distributed at moderately 
elevated levels.  Highest concentrations are found in association with ash and slag piles in the 
northern portion of the Humboldt Smelter, and in the tailings that have deposited in Chaparral 
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Gulch.   Plant TRVs are not available for dioxins/furans, four inorganics, six metals, eight 
pesticides, and acetophenone.  The uncertainty associated with the lack of TRVs is discussed in 
Section 7.11.0. 

7.7.2.3 Measurement Endpoint 3:  Qualitative Evaluation of Habitat Survey Data 

While habitat survey data does not quantify plant community metrics at the Site, it does provide 
site-specific information that may be more relevant than benchmark comparisons which do not 
consider site-specific conditions.  Therefore, results of the habitat survey were used to test the 
following measurement endpoints:  

• Ho:  Vegetative communities in East and West Groupings show no signs of vegetative stress. 

• Ho:  Vegetative communities in East and West Groupings contain similar species to those in 
the In-Town Groupings. 

The East Grouping contains a large area of development and disturbance surrounded by 
chaparral and riparian habitats.  The disturbed area consists primarily of bare or sparsely 
vegetated ground.  The disturbed areas of the portion of the Site to the east of Highway 69 
include a large ash pile, a tailings pile, slag piles, tailings piles and the processing area.  The ash 
pile and the slag piles are completely barren of all vegetation.  The tailings pile contains 
extremely sparse vegetation.  The areas of the East Grouping that surround the tailings pile and 
the processing areas are covered with grasses consistent with semi-desert grasslands.    The 
tailings dam of the Chaparral Gulch is overwhelmed and thus allows water containing tailings 
particulates to flow over the dam.  The vegetation downstream of the dam shows signs of stress 
most likely due to the contaminant laden surface water and substrate.  Many of the features 
mentioned above are documented in Appendix E, Photographic Documentation. 

The East Grouping plant communities show signs of stress compared to chaparral habitat.  The 
land slopes down away from the developed area to the Agua Fria River and the Chaparral Gulch.  
Beyond these waterways, the land then slopes back up.  Because of the topography, the Agua 
Fria River and the Chaparral Gulch provide a natural barrier.  The vegetative communities on the 
sides opposite the developed area of the East Grouping do not show signs of stress.  The riparian 
corridor along the Agua Fria River is more lush on the east side of the river.  The land on the 
upslope to the south of the Chaparral Gulch exhibits plant cover typical of chaparral habitat in 
some places and semi-desert grassland in others, somewhat sparse with some mesquite, cacti, 
yuccas and forbs. 

7.7.2.4 Risk Characterization for Terrestrial Plants in the East Exposure Grouping 

The risk characterization section for terrestrial plants evaluates the information available for the 
East Exposure Grouping, including the results for the measurement endpoints tested above to 
provide a conclusion regarding the potential for adverse effects on plant survival, growth, and 
reproduction from chemicals in soil.   

As discussed in Section 7.7.1, the Humboldt Smelter portion of the exposure grouping is 
disturbed and provides poor habitat for plants that has likely been impacted by both physical and 
chemical factors.  Sampling shows that highest are located behind the dam and scattered 
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throughout tailings, and slag areas; concentrations are lower in other portions of the exposure 
grouping but still elevated above background concentrations. 

Three measurement endpoints were evaluated to aid in characterizing risks.  The first was a 
screening level comparison of the maximum EPC to soil benchmarks protective of plants.  This 
comparison identified 17 metals as exceeding benchmarks in at least one sample.  This is a 
highly precautionary indicator of risk because only the highest concentrations are evaluated.  
Therefore, mean concentrations were also compared to plant benchmarks and considered in light 
of spatial distribution of chemical concentrations as a second measurement endpoint.  Results 
showed that mean concentrations of 14 metals exceeded plant benchmarks (aluminum, antimony, 
arsenic, chromium, cobalt, copper, lead, manganese, mercury, nickel, selenium, thallium, 
vanadium, and zinc).  Exceedances occurred throughout the grouping, although there were fewer 
in the areas beyond the developed areas.  The third measurement endpoint was qualitative 
evaluation of vegetative community health based on surveys during site visits.  East and West 
Grouping communities showed obvious signs of stress, including bare areas and physiological 
indicators; these communities were markedly different than in the In-Town Grouping 
communities.   

In summary, all of the available information indicates that there are potential risks to vegetative 
communities in East and West Groupings.  Metals are identified as COPCs in soil.  The metals 
with mean EPC exceeding benchmarks (aluminum, antimony, arsenic, chromium, cobalt, copper, 
lead, manganese, mercury, nickel, selenium, thallium, vanadium, and zinc) are the COPCs most 
likely to cause widespread impacts; other metals may contribute to toxicity as well or cause 
impacts in hot spots.  Therefore, risks from metals to plants require consideration in either future 
risk assessment efforts or in management of risks; this is discussed further in Section 7.12.0.  
Uncertainties associated with this conclusion are discussed in Section 7.11.0. 

7.7.3 Data Evaluation for Terrestrial Invertebrates in the East Exposure Grouping 

The conceptual model for the East Exposure Grouping identifies protection of terrestrial 
invertebrate survival, growth, and reproduction from impacts of COPCs in soil as an assessment 
endpoint.  The following measurement endpoints were evaluated as indicators of risk to 
terrestrial invertebrates: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
invertebrates; and 

• Comparison of the mean chemical concentrations to benchmarks protective of 
invertebrates. 

Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.   
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7.7.3.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Invertebrates 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of invertebrates.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of invertebrate community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for invertebrates. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 11 metals exceed 
TRVs protective of invertebrates grown in soil (Table 7-23).  Metals with maximum 
concentrations exceeding invertebrate TRVs are listed below with the associated maximum HQs 
in parentheses.   

Inorganics 
• Antimony (1.6) 
• Arsenic (337) 
• Barium (4.7) 
• Chromium (4,480) 

 
• Copper (351) 
• Lead (4.3)  
• Manganese (8.5) 
• Mercury (379) 

 
• Nickel (4.4) 
• Selenium (15) 
• Zinc (491) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these metals, 
although this measurement endpoint is highly precautionary because it assumes maximum 
exposure.  In terms of spatial distribution, mining related metals such as arsenic and lead at the 
Humboldt Smelter have lower maximum concentrations but are more widely distributed at 
moderately elevated levels.  Highest concentrations are found in association with ash and slag 
piles in the northern portion of the Humboldt Smelter, and in the tailings that have deposited in 
Chaparral Gulch.   Invertebrate TRVs are not available for four inorganics, 11 metals, 5 
pesticides, and acetophenone.  The uncertainty associated with the lack of TRVs is discussed in 
Section 7.11.0. 

7.7.3.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Invertebrates 

Comparison of mean chemical concentrations in soil to invertebrate TRVs was considered as a 
second measurement endpoint.  The mean is a general indicator of population-wide exposures; 
use of the mean as a comparison value is not precautionary, and results must be interpreted In 
light of the spatial distribution of chemical concentrations.  The following null hypothesis is 
tested for this endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for invertebrates. 
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When mean EPCs of COPCs were compared to TRVs, concentrations of seven metals exceed 
TRVs protective of invertebrates grown in soil (Table 7-23).  HQs greater than or equal to one 
indicate potentials for risk.  Metals with mean concentrations exceeding invertebrate TRVs are 
listed below with the associated mean HQs in parentheses.   

Inorganics 
• Arsenic (5.0) 
• Chromium (292) 
• Copper (26) 

 
• Manganese (1.6) 
• Mercury (13) 

 
• Selenium (1.6) 
• Zinc (15) 

 

Results for this measurement endpoint indicate that there is a potential for risk from these metals.  
Invertebrate TRVs are not available for 4 inorganics, 11 metals, 5 pesticides, and acetophenone.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.7.3.3 Risk Characterization for Terrestrial Invertebrates in the East Exposure Grouping 

The risk characterization section for terrestrial invertebrates evaluates the results for 
measurement endpoints above to provide a conclusion regarding the potential for adverse effects 
on invertebrate survival, growth, and reproduction from chemicals in soil.  Two measurement 
endpoints were evaluated.  The first was a screening level comparison of the maximum EPC to 
soil benchmarks protective of terrestrial invertebrates.  This comparison identified 11 metals as 
exceeding benchmarks in at least one sample.  The use of the maximum EPC alone is highly 
conservative and appropriate only for screening level conclusions.  Therefore, an additional 
measurement endpoint was considered. 

As part of the second measurement endpoint, mean concentrations were compared to 
invertebrate benchmarks and considered in light of spatial distribution of chemical 
concentrations.  Results showed that mean concentrations of seven metals exceeded invertebrate 
benchmarks (arsenic, chromium, copper, manganese, mercury, selenium and zinc).   

In summary, all of the available information indicates that there are potential risks to invertebrate 
communities in East and West Groupings.  Metals are identified as COPCs in soil.  The metals 
with mean EPC exceeding benchmarks (arsenic, chromium, copper, manganese, mercury, 
selenium and zinc) are the COPCs most likely to cause widespread impacts; other metals may 
contribute to toxicity as well or cause impacts in hot spots.  Therefore, risks from metals to 
invertebrates require consideration in either future risk assessment efforts or in management of 
risks; this is discussed further in Section 7.12.0.  Uncertainties associated with this conclusion 
are discussed in Section 7.11.0. 

7.7.4 Data Evaluation for Aquatic and Benthic Organisms in the East Exposure Grouping 

The conceptual model for the East Exposure Grouping identifies protection of aquatic and 
benthic organism survival, growth, and reproduction from impacts of COPCs in sediment and 
surface water as an assessment endpoint.  The following measurement endpoints were evaluated 
as indicators of risk to aquatic and benthic organisms: 
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• Comparison of maximum detected chemical concentrations in sediment to benchmarks 
protective of benthic organisms;  

• Comparison of mean detected chemical concentrations in sediment to benchmarks 
protective of benthic organisms;  

• Comparison of maximum detected dissolved chemical concentrations in surface water to 
benchmarks protective of aquatic organisms; 

• Comparison of mean detected dissolved chemical concentrations in surface water to 
benchmarks protective of aquatic organisms; and 

• Qualitative evaluation of aquatic habitats at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution. 

7.7.4.1 Measurement Endpoint 1:  Comparison of Maximum Sediment EPC to Benchmarks 
Protective of Benthic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in sediment to literature-based benchmarks protective of benthic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of benthic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Maximum concentrations of COPCs in sediment are not greater than or equal to 
literature-based TRVs for benthic organisms. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 12 metals exceed 
TRVs protective of benthic organisms exposed to sediment (Table 7-25).  HQs greater than or 
equal to one indicate potentials for risk.  Metals with maximum concentrations exceeding benthic 
organism TRVs are listed below with the associated maximum HQs in parentheses.   

Inorganics 
• Antimony (16) 
• Arsenic (237) 
• Cadmium (32) 
• Chromium (10) 

 
• Copper (220) 
• Iron (23) 
• Lead (69) 
• Manganese (4.5) 

 
• Mercury (108) 
• Nickel (11) 
• Silver (20) 
• Zinc (52) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these metals, 
although this measurement endpoint is highly precautionary because it assumes maximum 
exposure.  Sediment TRVs are not available for dioxins/furans, 4 inorganics, 11 metals, and 
acetophenone.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 
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7.7.4.2 Measurement Endpoint 2:  Comparison of Mean Sediment EPC to Benchmarks 
Protective of Benthic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of mean chemical 
concentrations in sediment to literature-based benchmarks protective of benthic organisms.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of benthic organism community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean concentrations of COPCs in sediment are not greater than or equal to literature-
based TRVs for benthic organisms. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 11 metals exceed TRVs 
protective of benthic organisms exposed to sediment (Table 7-25).  HQs greater than or equal to 
one indicate potentials for risk.  Metals with mean concentrations exceeding benthic organism 
TRVs are listed below with the associated mean HQs in parentheses.   

Inorganics 
• Antimony (3.2) 
• Arsenic (36) 
• Cadmium (5.0) 
• Copper (32) 
 

 
• Iron (2.3) 
• Lead (12) 
• Manganese (1.1)  
• Mercury (12) 

 
• Nickel (1.5) 
• Silver (4.9) 
• Zinc (13) 

Results for this measurement endpoint indicate that there is a potential for risk from these metals.  
Highest concentrations of mining-related metals were found in the tailings deposits in the 
Chaparral Gulch immediately upstream of the dam.  There were also moderately elevated 
concentrations at the confluence with the Agua Fria River and downstream, and in drainage-
ways through the slag in the northeast of the Humboldt Smelter area.  Sediment TRVs are not 
available for dioxins/furans, 4 inorganics, 11 metals and acetophenone.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0. 

7.7.4.3 Measurement Endpoint 3:  Comparison of Maximum Surface Water EPC to Benchmarks 
Protective of Aquatic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in surface water to literature-based benchmarks protective of aquatic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of aquatic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Maximum dissolved concentrations of COPCs in surface water are not greater than or 
equal to literature-based TRVs for aquatic organisms. 
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Metals with maximum dissolved concentrations exceeding aquatic organism TRVs are listed 
below with the associated maximum HQs in parentheses.   

Inorganics 
• Aluminum (695) 
• Arsenic (1.8) 
• Barium (8.7) 
• Cadmium (492) 
• Cobalt (18) 

 
• Copper (503) 
• Iron (499) 
• Manganese (248) 
• Nickel (1.3) 

 
• Selenium (2.8) 
• Silver (2.5) 
• Vanadium (1.3) 
• Zinc (426) 

Results for this measurement endpoint indicate that there is a potential for risk from these metals, 
although this measurement endpoint is highly precautionary because it assumes maximum 
exposure.  Surface water TRVs are not available for four metals.  The uncertainty associated 
with the lack of TRVs is discussed in Section 7.11.0. 

7.7.4.4 Measurement Endpoint 4:  Comparison of Mean Surface Water EPC to Benchmarks 
Protective of Aquatic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of mean chemical 
concentrations in surface water to literature-based benchmarks protective of aquatic organisms.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of aquatic organism community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean dissolved concentrations of COPCs in surface water are not greater than or equal 
to literature-based TRVs for aquatic organisms. 

Chemicals with mean concentrations exceeding aquatic organism TRVs are listed below with the 
associated mean HQs in parentheses.   

Inorganics 
• Aluminum (348) 
• Barium (6.44) 
• Cadmium (82) 
• Cobalt (4.5) 

 
• Copper (57) 
• Iron (65) 
• Manganese (93) 

 
• Selenium (1.8) 
• Silver (2.0) 
• Zinc (62) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these metals.  
Surface water TRVs are not available for four metals.  The uncertainty associated with the lack 
of TRVs is discussed in Section 7.11.0. 

7.7.4.5 Measurement Endpoint 5:  Qualitative Evaluation of Aquatic Habitats 

While habitat survey data does not quantify aquatic community metrics at the Site, it does 
provide site-specific information that may be more relevant than benchmark comparisons which 
do not consider site-specific conditions.  Therefore, results of the habitat survey were used to test 
the following measurement endpoints:  
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• Ho:  Aquatic and benthic communities in East and West Groupings show no signs of stress. 

• Ho:  Aquatic and benthic communities in East and West Groupings contain similar species to 
those in the In-Town Groupings. 

The potential aquatic habitats of the East Exposure Grouping include the Chaparral Gulch and 
the Agua Fria River.  A majority of the Chaparral Gulch that falls within the East Exposure 
Grouping boundaries is dry.  The portion directly upstream of the tailings dam was wet at the 
time of the survey; however, no aquatic or benthic organisms were observed.  Below the dam, 
the Chaparral contains a significant amount of water.  The habitat in the Chaparral Gulch prior to 
the confluence with the Agua Fria River provides suitable habitat for aquatic or benthic 
organisms, but it is considered to be significantly degraded due to the amount of tailings that are 
present.  The Agua Fria River provides seemingly ideal habitat for aquatic and benthic organisms 
upstream of the confluence with the Chaparral Gulch.  The water in the Agua Fria is permanent 
and flows at an estimated 5 cfs.  The River provides pools and riffles and varying substrates.  
Although no aquatic organisms were observed at the time of the survey, aquatic insects were 
present.  The turbidity of the water increased at the confluence of the Agua Fria River and the 
Chaparral Gulch, but this difference is not considered significant enough to render the habitat 
unsuitable. 

7.7.4.6 Risk Characterization for Aquatic and Benthic Organisms in the East Exposure 
Grouping 

The risk characterization section for aquatic and benthic organisms evaluates the results for 
measurement endpoints above to provide a conclusion regarding the potential for adverse effects 
from chemicals in sediment and surface water on survival, growth, and reproduction of aquatic 
and benthic organisms.  Five measurement endpoints were evaluated.  First, maximum EPCs in 
sediment and surface water were compared to sediment and surface water benchmarks protective 
of aquatic and benthic organisms.  These comparisons identified 12 metals in sediment and 13 
metals in surface water as exceeding benchmarks in at least one sample.  The use of the 
maximum EPC alone is highly conservative and appropriate only for screening level 
conclusions.  Therefore, additional measurement endpoints were considered. 

Mean concentrations were then compared to benchmarks and considered in light of spatial 
distribution of chemical concentrations.  Results showed that mean concentrations of 11 metals 
in sediment and 10 metals in surface water exceeded benchmarks.  Highest concentrations of 
mining-related metals were found in the tailings deposits in the Chaparral Gulch immediately 
upstream of the dam.  There were also moderately elevated concentrations at the confluence with 
the Agua Fria River and downstream, and in drainage-ways through the slag in the northeast of 
the Humboldt Smelter area.  Qualitative evaluation of habitat quality finds that aquatic habitats 
are degraded in Chaparral Gulch by the presence of tailings. 

In summary, all of the measurement endpoints indicate that there are potential risks to aquatic 
and benthic communities in East and West Groupings.  Concentrations of metals are elevated 
enough to pose risk to site-wide populations (as evidenced from the mean EPC comparisons); 
however, there are also hot spots of metal contamination.  Therefore, the finding of the risk 
characterization is that aquatic and benthic communities at the Site are potentially at risk from 
metals in sediment and surface water.  Lower trophic level organisms are potentially susceptible 
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to combined toxicity from metals.  Therefore, specific metals are not identified as COPCs, but 
arsenic, copper, lead, and zinc are identified as useful indicators of mining related impacts.  
Therefore, the finding of the risk characterization is that aquatic and benthic communities at the 
Site are potentially at risk from metals in sediment and surface water.  Metals are carried forward 
for further consideration in the conclusions, which are discussed in Section 7.12.0.  The risk 
characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.7.5 Data Evaluation for Mammalian Wildlife in the East Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of mammals from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from three feeding guilds – herbivores, insectivores, 
and predators – for assessment.  The following measurement endpoints were evaluated as 
indicators of risk to mammals: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of mammals;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of mammals; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of mammals; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.7.5.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil to NOAEL-based literature-based TRVs 
protective of mammals.  Section 7.4.0 presents the selection the factors used in exposure 
modeling and Section 7.5.0 presents the selection of mammal TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-26): 
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Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 
• Chromium 

 
• Copper 
• Lead 
• Manganese 
• Nickel 

 
• Selenium 
• Silver 
• Thallium 
• Zinc 
 

Dioxins/Furans 
• World Health 

Organization 
(WHO) TEQ 

 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Beryllium 
• Cadmium 

 
• Chromium 
• Copper 
• Lead 
• Manganese 
• Nickel 

 
• Selenium 
• Silver  
• Thallium 
• Vanadium 
• Zinc 

Dioxins/Furans 
• WHO TEQ 
 
PCBs 
• Aroclor-1248 
• Total PCBs 

Inorganics 

Predatory mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Copper 
• Lead 
• Thallium 
 

 

This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for three inorganics, seven metals and one 
PCB.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.7.5.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The second measurement endpoint evaluated is comparison of ingested doses for mammals 
based on mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic 
indicator of risk because the mean case scenario reflects exposures across the Site and across 
mammal populations, which are the focus of the ERA. The following null hypothesis was tested 
for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using mean EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-26): 
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Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Copper  
• Selenium 
• Thallium 

Dioxins/Furans 
• WHO TEQ 
 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 
• Beryllium 
•  

 
• Cadmium 
• Chromium 
• Copper 
• Lead 
• Nickel 
 

 
• Selenium 
• Silver  
• Thallium 
• Vanadium 
• Zinc 

Dioxins/Furans 
• WHO TEQ 
 
PCBs 
• Aroclor-1248 
• Total PCBs 

 

Inorganics 

Predatory mammals 

• Aluminum 
 

PCBs 
• Total PCBs 
 
 

 
 

This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for three inorganics, seven metals and one 
PCB.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.7.5.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Mammals 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-26): 
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Inorganics 

Herbivorous mammals 

• Aluminum 
• Arsenic 

 
• Copper 
• Selenium 

 
 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Copper 
• Selenium 
• Thallium 

Dioxins/Furans 
• WHO TEQ 

 
 

PCBs 
• Aroclor-1248 
• Total PCBs 

 

Inorganics 

Predatory mammals 

• Aluminum 
 

 
 

 
 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
eleven metals including beryllium and vanadium which exceed NOAELs for insectivorous 
mammals.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.7.5.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Herbivorous Mammals for Mean Case 
Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-26): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Thallium 

 
 

 
 



  EA Project No. 14342.34 
  Page 261 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 

 
• Chromium 
• Nickel 
• Selenium 

  
• Thallium 
• Vanadium 
• Zinc 

PCBs 
• Aroclor-1248 
• Total PCBs 

 

 

Inorganics 

Predatory mammals 

• Aluminum 
  

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  The In-Town Grouping doses of PCBs are not available.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.7.5.5 Risk Characterization for Mammals in the East Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to mammals.  First, maximum concentrations of chemicals 
were used as EPCs in food web exposure models to estimate doses for each representative 
receptor species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs 
and conservative exposure factors, several metals exceed TRVs for herbivorous, insectivorous, 
and predatory mammals.  Additionally, total TCDD TEQ exceeds the TRVs for herbivorous and 
insectivorous mammals, and total PCBs and Aroclor-1248 exceed the TRVs for insectivorous 
mammals. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, 
several metals exceed TRVs for herbivorous, insectivorous, and predatory mammals.  
Additionally, total TCDD TEQ exceeds the TRVs for herbivorous and insectivorous mammals, 
and total PCBs and Aroclor-1248 exceed the TRVs for insectivorous mammals.   

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison identified four metals (aluminum, arsenic, copper, and 
selenium) as exceeding LOAELs for herbivorous mammals.  Six metals (aluminum, antimony, 
arsenic, copper, selenium, and thallium), total TCDD TEQ, aroclor-1248 and total PCBs 
exceeded LOAELs for insectivorous mammals.  Aluminum exceeded LOAELs for predatory 
mammals. 

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Groupings.  Nearly all East and West Grouping doses 
of these metals exceeded the In-Town Grouping doses.  However, most of these metals do not 
exceed LOAELs and are therefore, removed from further consideration as COPCs.  East and 
West Grouping doses of all of the metals that exceeded LOAELs also exceeded the In-Town 
Grouping doses.  East Grouping doses of total TCDD TEQ did not exceed the In-Town Grouping 
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doses; therefore, dioxins are removed from further consideration as a COPC.  The In-Town 
Grouping doses for PCBs are not available. 

In summary, all four measurement endpoints evaluated indicate that there are potential risks to 
mammals in East and West Groupings.  Several metals (aluminum, antimony, arsenic, copper, 
selenium and thallium) are identified as COPCs for herbivorous, insectivorous, and predatory 
mammals based on exceedances of LOAELs and background; aroclor-1248 and total PCBs are 
also identified as COPCs for insectivorous mammals.  While mean total TCDD TEQ doses 
exceeded LOAELs, they did not exceed the In-Town Grouping reference doses, and are thus not 
included as COPCs.  The significance of PCBs as a COPC should also be further evaluated given 
their limited distribution at the Site. 

Therefore, the finding of the risk characterization is that all three feeding guilds of mammals at 
the Site are potentially at risk from several metals (aluminum, antimony, arsenic, copper, 
selenium and thallium), and insectivorous mammals are also potentially at risk from PCBs in soil 
and surface water.  These chemicals are carried forward for further consideration in the 
conclusions, which are discussed in Section 7.12.0.  The risk characterization bears a number of 
uncertainties that are discussed in Section 7.11.0. 

7.7.6 Data Evaluation for Avian Wildlife in the East Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of birds from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from four feeding guilds – herbivores, insectivores, 
predators, and piscivores – for assessment.  The following measurement endpoints were 
evaluated as indicators of risk to birds: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of birds;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 
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7.7.6.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil, sediment, and surface water to NOAEL-based 
literature-based TRVs protective of birds.  Section 7.4.0 presents the selection the factors used in 
exposure modeling and Section 7.5.0 presents the selection of bird TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-27): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 

 
• Cadmium  
• Chromium 
• Copper 
• Lead 

 
• Mercury 
• Selenium 
• Vanadium 
• Zinc 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 
• Cadmium 

 
• Chromium  
• Copper 
• Lead 
• Selenium 

 
• Silver  
• Thallium 
• Vanadium 
• Zinc 

Dioxins 
• WHO TEQ 
 
PCBs 
• Aroclor-1248 
• Total PCBs 

 

Inorganics 

Predatory birds 

• Aluminum 
• Lead 
• Vanadium 

  

 

Inorganics 

Piscivorous birds 

• Aluminum 
• Arsenic 
• Chromium 

 
• Copper 
• Lead 

 
• Mercury 
• Zinc 
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This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for five inorganics, nine metals and 
acetophenone.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.7.6.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The second measurement endpoint evaluated is comparison of ingested doses for birds based on 
mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic indicator 
of risk because the mean case scenario reflects exposures across the Site and across bird 
populations, which are the focus of the ERA. The following null hypothesis was tested for this 
endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

 

Dose modeling and comparisons using mean EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-27): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Arsenic 
• Copper 
 

 
• Lead  
• Selenium 

 
• Vanadium 
• Zinc 

Inorganics 

Insectivorous birds 

• Aluminum 
• Arsenic 
• Cadmium  
• Copper 

 
• Lead 
• Vanadium 
• Zinc 

Dioxins 
• WHO TEQ 
 

 

No chemicals exceed the NOAELs. 

Predatory birds 

 

Inorganics 

Piscivorous birds 

• Copper 
• Lead 

  

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for five inorganics, nine metals and 
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acetophenone.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.7.6.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Birds 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-27): 

Inorganics 

Herbivorous birds 

• Copper 
• Selenium 

  

 

Inorganics 

Insectivorous birds 

• Lead 
  

 

No chemicals exceed the NOAELs. 

Predatory birds 

 

No chemicals exceed the NOAELs. 

Piscivorous birds 

 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
five inorganics, 13 metals (including aluminum and vanadium which exceed the NOAELs) and 
seven organics.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   
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7.7.6.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Herbivorous Birds for Mean Case 
Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-27): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Barium 

 
• Copper  
• Vanadium 

 
 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Vanadium 

 
 

 
 

Inorganics 

Predatory birds 

• Vanadium 
 

East and West Groupings chemical concentrations do not exceed the In-Town Grouping 
concentrations. 

Piscivorous birds 

 
This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0: Uncertainties.   

7.7.6.5 Risk Characterization for Birds in the East Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to birds.  First, maximum concentrations of chemicals were 
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used as EPCs in food web exposure models to estimate doses for each representative receptor 
species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs and 
conservative exposure factors, several metals exceed TRVs for herbivorous, insectivorous, 
predatory, and piscivorous birds.  Additionally, Aroclor-1248, total PCBs and the total TCDD 
TEQ exceed TRVs for insectivorous birds. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, 
several metals exceed TRVs for herbivorous, insectivorous, predatory, and piscivorous birds.  
Additionally, the total TCDD TEQ exceeds the TRV for insectivorous birds. 

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison identified two metals (copper and selenium) as 
exceeding LOAELs for herbivorous birds.  Lead exceeded LOAELs for insectivorous birds.   No 
chemicals exceeded LOAELs for predatory birds or piscivorous birds.   

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Grouping areas.  Nearly all East and West Grouping 
doses of these metals exceeded the In-Town Grouping doses.  However, most of these metals do 
not exceed LOAELs and are therefore, removed from further consideration as COPCs.  East and 
West Grouping doses of all of the metals that exceeded LOAELs also exceeded the In-Town 
Grouping doses.  East Grouping doses of the total TCDD TEQ did not exceed the In-Town 
Grouping doses; therefore, the total TCDD TEQ is removed from further consideration as a 
COPC. 

In summary, all four measurement endpoints evaluated indicate that there are potential risks to 
birds in East and West Groupings.  Numerous metals (copper, lead and selenium) are identified 
as COPCs in soil or water for herbivorous and insectivorous birds.   For predatory birds and 
piscivorous birds, no chemicals are carried forward as COPCs in sediment and surface water.  
Therefore, the finding of the risk characterization is that the plant- and insect-feeding guilds of 
birds at the Site are potentially at risk from metals.  These chemicals are carried forward for 
further consideration in the conclusions, which are discussed in Section 7.12.0.  The risk 
characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.7.7 Data Evaluation for Reptiles in the East Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of reptiles and amphibians from impacts of COPCs in surface water, sediment, soil and food as 
an assessment endpoint.  As discussed, exposure and toxicity data for reptiles and amphibians are 
limited, and there are few means to quantitatively assess the potential for risks to these receptors.  
Therefore, this ERA includes two measurement endpoints that use qualitative means to assess 
risks to reptiles and amphibians.  The first of these is an evaluation of the results for aquatic and 
benthic organisms as surrogate receptors with the rationale that, if exposure pathways produce 
exposures that are significant enough to pose risks to these surrogate receptors, then the same 
pathways may pose risks to reptiles.  The second measurement endpoint uses the same rationale 
and evaluates the results for birds and mammals as surrogate receptors.  There are significant 
uncertainties associated with this approach which are discussed in Section 7.5.0. 
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7.7.7.1 Measurement Endpoint 1:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in aquatic habitats may be exposed to chemicals through dermal contact 
with contaminated sediment and surface water and with food or water that has been ingested.  
Dermal contact and ingestion are also complete pathways for aquatic and benthic organisms.  
Toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species; therefore, an alternative means of assessing the 
potential for risk was employed.  The ERA results for aquatic and benthic organisms were 
examined as surrogate receptors, and any chemicals identified as COPCs for aquatic and benthic 
organisms are identified as COPCs for reptiles and amphibians.  The following hypothesis was 
tested: 

•  Ho:  The risk characterization for aquatic and benthic organisms as surrogate receptors 
identifies no COPCs. 

As presented in Sections 7.7.1 through 7.7.4 above, there is a substantial potential for risk posed 
to aquatic and benthic organisms at the Site,, driven by metals in sediment and surface water.  
Aquatic organisms are potentially susceptible to combined toxicity from metals; therefore, as all 
metals are considered COPCs.  Of these, arsenic, copper, lead, and zinc are identified as useful 
indicators of mining related impacts.     

7.7.7.2 Measurement Endpoint 2:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in terrestrial habitats may be exposed to chemicals in soil and in food 
that has been ingested.  They share these exposure pathways with birds and mammals.  However, 
toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species.  Therefore, an alternative means of assessing the 
potential for risk was employed.  The ERA results for birds and mammals were examined as 
surrogate receptors.  Any chemicals identified as COPCs for birds and mammals are identified as 
COPCs for reptiles and amphibians.  The following hypothesis was tested: 

•  Ho:  The risk characterization for birds and mammals as surrogate receptors identifies no 
COPCs. 

As presented in Sections 7.6.1 through 7.6.5 above, there is a substantial potential for risk posed 
to birds and mammals at the Site.  This risk is driven by metals (aluminum, arsenic, cadmium, 
chromium, copper, lead, mercury, selenium, silver, and zinc).  Therefore, these chemicals are 
considered COPCs for reptiles and amphibians. 

7.7.7.3 Risk Characterization for Reptiles in the East Exposure Grouping 

The risk characterization draws from a qualitative measurement endpoint as a line of evidence 
for evaluation of the potential for risks to reptiles and amphibians.  This endpoint was a review 
of the risk characterizations for benthic organisms, aquatic organisms, and avian and mammal 
receptors as surrogate receptors for reptiles and amphibians.  This review indicated that there are 
substantial risks posed to these surrogate receptors by metals in surface water, sediment, soil and 
prey items.  Based on this finding, metals are recommended for further consideration.  There is 
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uncertainty associated with the use of qualitative measurement endpoints and surrogate receptors 
that are discussed in Section 7.11.0: Uncertainties. 
 
7.8 RISK CHARACTERIZATION FOR THE AGUA FRIA RIVER EXPOSURE 

GROUPING 

The purpose of the risk characterization is to evaluate the lines of evidence provided by testing 
measurement endpoints and draw conclusions regarding the potential for risks to each 
assessment endpoint/representative receptor.  The risks associated with each assessment endpoint 
applicable for the Agua Fria River Exposure Grouping are characterized below using the 
exposure modeling, toxicity values, and survey data to test the measurement endpoints outlined 
in Section 7.3.0.  Each measurement endpoint provides lines of evidence that are brought 
together in the final risk characterization using a qualitative weight of evidence approach.   

7.8.1 Overview of the Agua Fria River Exposure Grouping 

Most of the samples collected from the grouping were collected from the bed of the Agua Fria 
River, which is considered as aquatic habitat (Figure 2-3); media from this habitat was 
considered sediment and surface water alone.  Habitat in the Agua Fria River appears to be of 
relatively high quality, although there is more turbidity downstream of the confluence with 
Chaparral Gulch.  The outfalls along the river are of low quality and may be dry for significant 
periods of time. 

For the Agua Fria River Exposure Grouping, chemical analytical results from 21 sediment 
samples and 36 surface water samples (Table 7-1) were used as the basis for EPCs, which are 
summarized in Table 7-28.  Habitat survey results were used to qualitatively evaluate the status 
of ecological communities at the Site. 

Analytical results for sample locations within the Agua Fria River Exposure Grouping show that 
concentrations of metals are highly elevated above background concentrations in the outfall areas 
(Table 7-28).  Concentrations in the Agua Fria River are much lower.  Concentrations upstream 
of the confluence with Chaparral Gulch are below 31 mg/kg, while concentrations downstream 
of the confluence are as high as 206 mg/kg. Most notable among these are arsenic, lead, and 
several cationic metals such as zinc (Figures 5-7 to 5-10, 5-44 and 5-45).   

7.8.2 Data Evaluation for Aquatic and Benthic Organisms in the Agua Fria River 
Exposure Grouping 

The conceptual model for the Agua Fria River Exposure Grouping identifies protection of 
aquatic and benthic organism survival, growth, and reproduction from impacts of COPCs in 
sediment and surface water as an assessment endpoint.  The following measurement endpoints 
were evaluated as indicators of risk to aquatic and benthic organisms: 

• Comparison of maximum detected chemical concentrations in sediment to benchmarks 
protective of benthic organisms;  

• Comparison of mean detected chemical concentrations in sediment to benchmarks 
protective of benthic organisms;  
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• Comparison of maximum detected total and dissolved chemical concentrations in surface 
water to benchmarks protective of aquatic organisms; 

• Comparison of mean detected total and dissolved chemical concentrations in surface 
water to benchmarks protective of aquatic organisms; and 

• Qualitative evaluation of aquatic communities at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution. 

7.8.2.1 Measurement Endpoint 1:  Comparison of Maximum Sediment EPC to Benchmarks 
Protective of Benthic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in sediment to literature-based benchmarks protective of benthic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of benthic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Maximum concentrations of COPCs in sediment are not greater than or equal to 
literature-based TRVs for benthic organisms. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 12 metals exceed 
TRVs protective of benthic organisms exposed to sediment (Table 7-30).  HQs greater than or 
equal to one indicate potentials for risk.  Chemicals with maximum concentrations exceeding 
benthic organism TRVs are listed below with the associated maximum HQs in parentheses.   

Inorganics 
• Antimony (16) 
• Arsenic (154) 
• Cadmium (13) 
• Chromium (27) 

 
• Copper (254)  
• Iron (2.8) 
• Lead (205) 
• Manganese (4.4) 

 
• Mercury (211) 
• Nickel (39) 
• Silver (36) 
• Zinc (34) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Sediment TRVs are not available for 5 inorganics, 12 metals and 
acetophenone.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.8.2.2 Measurement Endpoint 2:  Comparison of Mean Sediment EPC to Benchmarks 
Protective of Benthic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of mean chemical 
concentrations in sediment to literature-based benchmarks protective of benthic organisms.  
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Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of benthic organism community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean concentrations of COPCs in sediment are not greater than or equal to literature-
based TRVs for benthic organisms. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 12 metals exceed TRVs 
protective of benthic organisms exposed to sediment (Table 7-30).  HQs greater than or equal to 
one indicate potentials for risk.  Chemicals with mean concentrations exceeding benthic 
organism TRVs are listed below with the associated mean HQs in parentheses.   

Inorganics 
• Antimony (2.6) 
• Arsenic (10) 
• Cadmium (4.0) 
• Chromium (1.7) 

 
• Copper (19) 
• Iron (1.1) 
• Lead (11) 
• Manganese (1.2) 

 
• Mercury (33) 
• Nickel (2.8) 
• Silver (9.9) 
• Zinc (5.0) 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Sediment TRVs are not available for 5 inorganics, 12 metals and acetophenone.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

It is important to note that the highest concentrations of arsenic, lead, and other metals are 
located in pond and outfall areas along the riverbed; concentrations in the Agua Fria are 
moderately elevated immediately downstream of the confluence with Chaparral Gulch, but 
concentrations are much lower than those at the outfalls.  These outfalls are typically dry and 
thus may not always support aquatic communities. 

7.8.2.3 Measurement Endpoint 3:  Comparison of Maximum Surface Water EPC to Benchmarks 
Protective of Aquatic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in surface water to literature-based benchmarks protective of aquatic 
organisms.  Because these benchmarks are directly relatable to the potential for toxic effects, 
they are referred to as TRVs.  Section 7.3.0 presents the selection of aquatic organism 
community TRVs.  While literature-based TRVs are not site-specific, these comparisons provide 
a highly precautionary estimate of the potential for risk.  The following null hypothesis is tested 
for this endpoint: 

• Ho:  Maximum dissolved concentrations of COPCs in surface water are not greater than or 
equal to literature-based TRVs for aquatic organisms. 

When EPCs of COPCs were compared to TRVs, concentrations of numerous metals exceed 
TRVs protective of aquatic organisms exposed to surface water (Table 7-29).  HQs greater than 
or equal to one indicate potentials for risk.  Chemicals with maximum dissolved concentrations 
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exceeding aquatic organism TRVs are listed below with the associated maximum HQs in 
parentheses.   

Inorganics 
• Barium (28) 
• Beryllium (3.4) 
• Cadmium (4.7) 
 

 
• Copper (2.5) 
• Manganese (2.1)  
• Zinc (1.9) 

 

Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Surface water TRVs are not available for four metals.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0. 

7.8.2.4 Measurement Endpoint 4:  Comparison of Mean Surface Water EPC to Benchmarks 
Protective of Aquatic Organisms 

The first measurement endpoint evaluated was the screening-level comparison of mean chemical 
concentrations in surface water to literature-based benchmarks protective of aquatic organisms.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of aquatic organism community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean concentrations of COPCs in surface water are not greater than or equal to 
literature-based TRVs for aquatic organisms. 

When EPCs of COPCs were compared to TRVs, concentrations of numerous metals exceed 
TRVs protective of aquatic organisms exposed to surface water (Table 7-29).  HQs greater than 
or equal to one indicate potentials for risk.  Chemicals with mean concentrations exceeding 
aquatic organism TRVs are listed below with the associated mean HQs in parentheses.   

Inorganics 
• Barium (2.4) 
• Beryllium (2.1) 
• Cadmium (1.1) 
 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Surface water TRVs are not available for four metals.  The uncertainty associated 
with the lack of TRVs is discussed in Section 7.11.0. 

7.8.2.5 Measurement Endpoint 5:  Qualitative Evaluation of Aquatic Habitats 

While habitat survey data does not quantify aquatic community metrics at the Site, it does 
provide site-specific information that may be more relevant than benchmark comparisons which 
do not consider site-specific conditions.  Therefore, results of the habitat survey were used to test 
the following measurement endpoint:  



  EA Project No. 14342.34 
  Page 273 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

• Ho:  Aquatic and benthic communities in East and West Groupings show no signs of stress. 

The Agua Fria River provides seemingly ideal habitat for aquatic and benthic organisms 
upstream of the confluence with the Chaparral Gulch.  The water in the Agua Fria is permanent 
and flows at an estimated 5 cfs.  The River provides pools and riffles and varying substrates.  At 
the time of the survey, the only aquatic organisms observed were insects.  The turbidity of the 
water increased at the confluence of the Agua Fria River and the Chaparral Gulch, but this 
difference is not considered significant enough to render the habitat unsuitable.  In addition, the 
vegetative community surrounding the Agua Fria River did not show signs of stress, supporting 
the idea that the Agua Fria River provides a viable habitat. 

7.8.2.6 Risk Characterization for Aquatic and Benthic Organisms in the Agua Fria River 
Exposure Grouping 

The risk characterization section for aquatic and benthic organisms evaluates the results for 
measurement endpoints above to provide a conclusion regarding the potential for adverse effects 
from chemicals in sediment and surface water on survival, growth, and reproduction of aquatic 
and benthic organisms.  Five measurement endpoints were evaluated.  First, maximum EPCs in 
sediment and surface water were compared to sediment and surface water benchmarks protective 
of aquatic and benthic organisms.  These comparisons identified numerous metals in sediment 
and surface water as exceeding benchmarks in at least one sample.  The use of the maximum 
EPC alone is highly conservative and appropriate only for screening level conclusions.  
Therefore, additional measurement endpoints were considered. 

Mean concentrations were then compared to benchmarks and considered in light of spatial 
distribution of chemical concentrations.  Results showed that mean concentrations of 12 metals 
in sediment exceeded benchmarks (antimony, arsenic, cadmium, chromium, copper, iron, lead, 
manganese, mercury, nickel, silver, and zinc).  For surface water, concentrations of 3 metals 
exceeded benchmarks (barium, beryllium, and cadmium).   

The highest concentrations of arsenic, lead, and other metals in sediment are located in outfall 
areas; concentrations in Agua Fria River sediments were much lower, with all benchmark 
exceedances downstream of the confluence with Chaparral Gulch.  While there were a number of 
benchmark exceedances in the Agua Fria River, the qualitative survey of the Site indicated that it 
may provide usable habitat for aquatic and benthic organisms. 

In summary, three of the four measurement endpoints indicate that there are potential risks to 
aquatic and benthic communities in East and West Groupings.  Several metals are identified as 
COPCs in sediment and surface water.  Therefore, the finding of the risk characterization is that 
aquatic and benthic communities at the Site are potentially at risk from metals in sediment and 
surface water.  Concentrations of metals are elevated enough to pose risk to site-wide 
populations (as evidenced from the mean EPC comparisons).  However, exceedances in sediment 
may be limited to hot spots at outfalls and the area immediately downstream of the confluence 
with Chaparral Gulch.  Because lower trophic level organisms may be susceptible to combined 
effects from metals, specific COPCs are not selected, but arsenic, copper, lead, and zinc are 
identified as useful indicators of mining impacts.  Metals are carried forward for further 
consideration in risk assessment and risk management; however, risk assessment and risk 
management should consider that highest concentrations were limited to outfalls that provide 
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ephemeral aquatic habitat.  Conclusions are discussed further in Section 7.12.0.  The risk 
characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.8.3 Data Evaluation for Avian Wildlife in the Agua Fria River Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of birds from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from one feeding guild – piscivores – for assessment 
for the Agua Fria River Exposure Grouping.  The following measurement endpoints were 
evaluated as indicators of risk to birds: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of birds;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.8.3.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil, sediment, and surface water to NOAEL-based 
literature-based TRVs protective of birds.  Section 7.4.0 presents the selection the factors used in 
exposure modeling and Section 7.5.0 presents the selection of bird TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs (Table 7-31): 
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Inorganics 

Piscivorous birds 

• Aluminum 
• Arsenic  
• Chromium 

 
• Copper 
• Lead 
• Vanadium 

 
 
 

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for five inorganics, eight metals and 
acetophenone.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.8.3.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The second measurement endpoint evaluated is comparison of ingested doses for birds based on 
mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic indicator 
of risk because the mean case scenario reflects exposures across the Site and across bird 
populations, which are the focus of the ERA. The following null hypothesis was tested for this 
endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using mean EPCs identified the following chemicals as 
equaling or exceeding bird TRVs (Table 7-31): 

Inorganics 

Piscivorous birds 

• Lead 
 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for five inorganics, eight metals and 
acetophenone.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: 
Uncertainties.   

7.8.3.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Birds 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 
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• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-31): 

No chemicals exceed the LOAELs. 

Piscivorous birds 

 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
five inorganics, twelve metals and acetophenone.  The uncertainty associated with the lack of 
TRVs is discussed in Section 7.11.0: Uncertainties.   

7.8.3.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Herbivorous Birds for Mean Case 
Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-31): 

East and West Groupings doses do not exceed the In-Town Grouping doses. 

Piscivorous birds 

 
This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0: Uncertainties.   

7.8.3.5 Risk Characterization for Birds in the Agua Fria River Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to piscivorous birds.  First, maximum concentrations of 
chemicals were used as EPCs in food web exposure models to estimate doses for each 
representative receptor species.  Doses were then compared to NOAEL-based TRVs.  Using 
maximum EPCs and conservative exposure factors, six metals exceed TRVs for piscivorous 
birds.   
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Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, no 
metals exceed TRVs for piscivorous birds.   

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  No chemicals exceeded LOAELs for piscivorous birds.   

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Groupings.  None of the East and West Grouping doses 
exceeded the In-Town Grouping doses.   It is important to note that highest concentrations of 
chemicals in sediment were found in outfalls and impoundments that may not provide significant 
resources for piscivorous birds.  Concentrations in Agua Fria River sediments are elevated to a 
lesser extent than the outfalls and impoundments, and the Agua Fria River is likely to provide 
significant habitat value to piscivorous birds.    

In summary, only the first measurement endpoint evaluated indicate that there are potential risks 
to piscivorous birds in East and West Groupings.  There are no chemicals identified as COPCs in 
sediment and surface water for piscivorous birds.  Therefore, the finding of the risk 
characterization is that piscivorous birds at the Site are most likely not at risk.  The risk 
characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.8.4 Data Evaluation for Reptiles in the Agua Fria River Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of reptiles and amphibians from impacts of COPCs in surface water, sediment, soil and food as 
an assessment endpoint.  As discussed, exposure and toxicity data for reptiles and amphibians are 
limited, and there are few means to quantitatively assess the potential for risks to these receptors.  
Therefore, this ERA includes two measurement endpoints that use qualitative means to assess 
risks to reptiles and amphibians.  The first of these is an evaluation of the results for birds and 
mammals as surrogate receptors with the rationale that, if exposure pathways produce exposures 
that are significant enough to pose risks to these surrogate receptors, then the same pathways 
may pose risks to reptiles.  The second measurement endpoint uses the same rationale and 
evaluates the results for birds and mammals as surrogate receptors.  There are significant 
uncertainties associated with this approach which are discussed in Section 7.12.8. 

7.8.4.1 Measurement Endpoint 1:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in aquatic habitats may be exposed to chemicals through dermal contact 
with contaminated sediment and surface water and with food or water that has been ingested.  
Dermal contact and ingestion are also complete pathways for aquatic and benthic organisms.  
Toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species; therefore, an alternative means of assessing the 
potential for risk was employed.  The ERA results for aquatic and benthic organisms were 
examined as surrogate receptors, and any chemicals identified as COPCs for aquatic and benthic 
organisms are identified as COPCs for reptiles and amphibians.  The following hypothesis was 
tested: 
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•  Ho:  The risk characterization for aquatic and benthic organisms as surrogate receptors 
identifies no COPCs. 

As presented in Sections 7.8.1 through 7.8.2 above, there is a substantial potential for risk posed 
to aquatic and benthic organisms at the Site, driven by metals in sediment and surface water.  
Aquatic organisms are potentially susceptible to combined toxicity from metals; therefore, all 
metals are considered COPCs.  Of these, arsenic, copper, lead, and zinc are identified as useful 
indicators of mining related impacts. Metals are also considered COPCs for reptiles and 
amphibians; however, risk assessment and risk management should consider that highest 
concentrations were limited to outfalls that provide ephemeral aquatic habitat.   

7.8.4.2 Measurement Endpoint 2:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in aquatic habitats may be exposed to chemicals in soil and in food that 
has been ingested.  They share these exposure pathways with piscivorous birds and aquatic 
organisms.  However, toxicological and exposure data for reptiles and amphibians is insufficient 
to support a full quantitative evaluation for these species.  Therefore, an alternative means of 
assessing the potential for risk was employed.  The ERA results for birds and mammals were 
examined as surrogate receptors.  Any chemicals identified as COPCs for birds and mammals are 
identified as COPCs for reptiles and amphibians.  The following hypothesis was tested: 

•  Ho:  The risk characterization for surrogate receptors identifies no COPCs. 
As presented in Sections 7.8.3 above, there is a substantial potential for risk posed to birds at the 
Site.  This risk is driven by metals (aluminum, arsenic, chromium, copper, lead, mercury, 
selenium, and zinc).  Therefore, these chemicals are considered COPCs for reptiles and 
amphibians. 

7.8.4.3 Risk Characterization for Reptiles in the Agua Fria River Exposure Grouping 

The risk characterization draws from a qualitative measurement endpoint as a line of evidence 
for evaluation of the potential for risks to reptiles and amphibians.  This endpoint was a review 
of the risk characterizations for aquatic and benthic organisms and avian and mammal receptors 
at the Site as surrogate receptors for reptiles and amphibians.  This review indicated that there 
are substantial risks posed to these surrogate receptors by metals.  Based on this finding, metals 
are recommended for further consideration.  There is uncertainty associated with the use of 
qualitative measurement endpoints and surrogate receptors that are discussed in Section 7.11.0: 
Uncertainties. 
 
7.9 RISK CHARACTERIZATION FOR THE IN-TOWN WEST EXPOSURE 

GROUPING 

The purpose of the risk characterization is to evaluate the lines of evidence provided by testing 
measurement endpoints and draw conclusions regarding the potential for risks to each 
assessment endpoint/representative receptor.  The risks associated with each assessment endpoint 
applicable for the In-Town West Exposure Grouping are characterized below using the exposure 
modeling, toxicity values, and survey data to test the measurement endpoints outlined in Section 
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7.3.0.  Each measurement endpoint provides lines of evidence that are brought together in the 
final risk characterization using a qualitative weight of evidence approach.   

7.9.1 Overview of the In-Town West Exposure Grouping 

The In-Town West Exposure Grouping comprises 4 commercial or residential parcels north of 
the Iron King Mine area and north of Chaparral Gulch (Figure 1-2).  Soil from these areas was 
sampled to determine whether metals in dust from East and West Groupings had been deposited 
on the Site.  These areas are developed and are likely to provide relatively poor habitat due to 
non-chemical related stressors.  

For the In-Town West Exposure Grouping, chemical analytical results from 199 soil samples 
(Table 7-1) were used as the basis for EPCs, which are summarized in Table 7-32.  Analytical 
results show that concentrations of metals are slightly elevated above background concentrations, 
as indicated by maximum arsenic concentrations of 151 mg/kg (Table 7-32).  Most notable 
among these are arsenic, lead, and several cationic metals such as zinc (Figures 5-46 through 
5-51).   

In addition to the chemical analytical data used to develop EPCs, speciation data available for 
use in qualitative evaluation of the applicability of metal bioavailability.  Speciation data indicate 
that arsenic is present as less toxic As V, and that lead is bound in forms that are not immediately 
soluble, but which may be readily solubilized by acidification or through ingestion/digestion.   

7.9.2 Data Evaluation for Terrestrial Plants in the In-Town West Exposure Grouping 

The conceptual model for the In-Town West Exposure Grouping identifies protection of 
terrestrial plant survival, growth, and reproduction from impacts of COPCs in soil as an 
assessment endpoint.  The following measurement endpoints were evaluated as indicators of risk 
to terrestrial plants: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
plants; 

• Comparison of the mean chemical concentrations to benchmarks protective of plants; and 

• Qualitative evaluation of vegetative communities at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.  Measurement endpoints using site-specific vegetative 
survey data are given less weight due to the qualitative nature of this data; however, they are 
considered important in light of the fact that maximum concentration comparisons are highly 
conservative.  
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7.9.2.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Plants 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of plants.  Because 
these benchmarks are directly relatable to the potential for toxic effects, they are referred to as 
TRVs.  Section 7.3.0 presents the selection of plant community TRVs.  While literature-based 
TRVs are not site-specific, these comparisons provide a highly precautionary estimate of the 
potential for risk.  The following null hypothesis is tested for this endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for plants. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 13 metals exceed 
TRVs protective of plants grown in soil (Table 7-33).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with maximum concentrations exceeding plant TRVs are listed 
below with the associated maximum HQs in parentheses.   

Inorganics 
• Aluminum (960) 
• Arsenic (8.4) 
• Barium (3.9) 
• Chromium (140) 
• Cobalt (2.4) 

 
• Copper (5.0) 
• Lead (2.8)  
• Manganese (7.5) 
• Mercury (1.9) 
• Nickel (4.0)  

 
• Selenium (4.8) 
• Vanadium (55) 
• Zinc (3.3)  

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Plant TRVs are not available for four inorganics and five metals.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.9.2.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Plants 

Comparison of mean chemical concentrations in soil to plant TRVs was considered as a second 
measurement endpoint.  The mean is a general indicator of population-wide exposures; use of the 
mean as a comparison value is not precautionary, and results must be interpreted In light of the 
spatial distribution of chemical concentrations.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for plants. 

When mean EPCs of COPCs were compared to TRVs, concentrations of eight metals exceed 
TRVs protective of plants grown in soil (Table 7-33).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with mean concentrations exceeding plant TRVs are listed below 
with the associated mean HQs in parentheses.   
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Inorganics 
• Aluminum (337) 
• Arsenic (2.3) 
• Chromium (20) 

 
• Cobalt (1.1) 
• Manganese (3.4) 
• Selenium (1.9) 

 
• Vanadium (29) 
• Zinc (1.1)  

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Plant TRVs are not available for four inorganics and five metals.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0. 

7.9.2.3 Measurement Endpoint 3:  Qualitative Evaluation of Habitat Survey Data 

While habitat survey data does not quantify plant community metrics at the Site, it does provide 
site-specific information that may be more relevant than benchmark comparisons which do not 
consider site-specific conditions.  Therefore, results of the habitat survey were used to test the 
following measurement endpoints:  

• Ho:  Vegetative communities in East and West Groupings show no signs of vegetative stress. 

• Ho:  Vegetative communities in East and West Groupings contain similar species to those in 
the In-Town Groupings. 

The In-Town West Grouping consists of several residential or commercial parcels of land across 
Chaparral Gulch from the Iron King Mine portion of the Site; these were sampled to identify the 
impacts of possible aerial deposition of dust.  The areas from which the samples are collected 
constitute open lots, yards, and compacted areas.  As such, they constitute poor habitat quality 
habitat associated with developed areas.  It should be noted that, while these sites contain poor 
habitat, the areas immediately around them contain plant communities that show signs better 
health compared to chaparral habitat of the West Exposure Grouping.  This surrounding 
vegetative habitat is typical of an inland chaparral habitat, dense with shrub live oak and few 
grasses.   

7.9.2.4 Risk Characterization for Terrestrial Plants in the In-Town West Exposure Grouping 

The risk characterization section for terrestrial plants evaluates the information available for the 
In-Town West Exposure Grouping, including the results for the measurement endpoints tested 
above to provide a conclusion regarding the potential for adverse effects on plant survival, 
growth, and reproduction from chemicals in soil.   

As discussed in Section 7.9.1, the In-Town West Exposure Grouping consists of commercial and 
residential parcels; these are disturbed sites that provide poor conditions for plant growth.  
Concentrations of metals are slightly elevated above background. 

Three measurement endpoints were evaluated to aid in characterizing risks.  The first was a 
screening level comparison of the maximum EPC to soil benchmarks protective of plants.  This 
comparison identified 13 metals as exceeding benchmarks in at least one sample.  This is a 
highly precautionary indicator of risk because only the highest concentrations are evaluated.  
Therefore, mean concentrations were also compared to plant benchmarks and considered in light 
of spatial distribution of chemical concentrations as a second measurement endpoint.  Results 
showed that mean concentrations of 8 metals exceeded plant benchmarks (aluminum, arsenic, 
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chromium, cobalt, manganese, selenium, vanadium, zinc).  Exceedances occurred throughout the 
grouping, although soil concentrations were only slightly elevated above background 
concentrations; maximum concentrations of several metals were below the background 95% 
UCL.  The third measurement endpoint was qualitative evaluation of vegetative community 
health based on surveys during site visits.  East and West Groupings communities showed signs 
of stress; these are likely to have been related to development and physical disturbance.  
Surrounding areas did not show signs of stress.   

In summary, comparison to benchmarks indicates that there are potential risks to vegetative 
communities in East and West Groupings from several metals (aluminum, arsenic, chromium, 
cobalt, manganese, selenium, vanadium and zinc).  While these metals exceed benchmarks, 
several demonstrate concentrations within or similar to background concentrations.  Also, the 
observed disturbance to vegetative communities is likely to be due to development; surrounding 
vegetative communities that would also have received inputs through aerial deposition do not 
show signs of impacts.  Because there are benchmark exceedances, this assessment finds that 
vegetative communities at the Site are potentially at risk from COPCs in soil (aluminum, arsenic, 
chromium, cobalt, manganese, selenium, vanadium and zinc).  However, it is recommended that 
further risk assessment or management for this grouping consider the fact that concentrations are 
similar to background and the fact that the area is not viable plant habitat.  Metals are carried 
forward for further consideration in the conclusions, which are discussed in Section 7.12.0.  The 
risk characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.9.3 Data Evaluation for Terrestrial Invertebrates in the In-Town West Exposure 
Grouping 

The conceptual model for the In-Town West Exposure Grouping identifies protection of 
terrestrial invertebrate survival, growth, and reproduction from impacts of COPCs in soil as an 
assessment endpoint.  The following measurement endpoints were evaluated as indicators of risk 
to terrestrial invertebrates: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
invertebrates; and 

• Comparison of the mean chemical concentrations to benchmarks protective of 
invertebrates. 

Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.   

7.9.3.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Invertebrates 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of invertebrates.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
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referred to as TRVs.  Section 7.3.0 presents the selection of invertebrate community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for invertebrates. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of seven metals 
exceed TRVs protective of invertebrates grown in soil (Table 7-34).  Chemicals with maximum 
concentrations exceeding invertebrate TRVs are listed below with the associated maximum HQs 
in parentheses.   

Inorganics 
• Arsenic (2.5) 
• Barium (5.9) 
• Chromium (350) 
• Copper (4.3) 

 
• Manganese (3.7) 
• Mercury (5.6) 
• Zinc (4.4) 

 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Invertebrate TRVs are not available for three inorganics and 10 metals.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.9.3.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Invertebrates 

Comparison of mean chemical concentrations in soil to invertebrate TRVs was considered as a 
second measurement endpoint.  The mean is a general indicator of population-wide exposures; 
use of the mean as a comparison value is not precautionary, and results must be interpreted In 
light of the spatial distribution of chemical concentrations.  The following null hypothesis is 
tested for this endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for invertebrates. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 4 metals exceed TRVs 
protective of invertebrates grown in soil (Table 7-34).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with mean concentrations exceeding invertebrate TRVs are listed 
below with the associated mean HQs in parentheses.   

Inorganics 
• Chromium (51) 
• Manganese (1.6)  

 
• Mercury (1.7) 
• Zinc (1.5) 

 
 

 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Invertebrate TRVs are not available for three inorganics and 10 metals.  As discussed 
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above, the area where the samples were collected is developed; therefore, it does not constitute 
quality habitat.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0.   

7.9.3.3 Risk Characterization for Terrestrial Invertebrates in the In-Town West Exposure 
Grouping 

The risk characterization section for terrestrial invertebrates evaluates the results for 
measurement endpoints above to provide a conclusion regarding the potential for adverse effects 
on invertebrate survival, growth, and reproduction from chemicals in soil.  Two measurement 
endpoints were evaluated.  The first was a screening level comparison of the maximum EPC to 
soil benchmarks protective of terrestrial invertebrates.  This comparison identified 7 metals as 
exceeding benchmarks in at least one sample.  The use of the maximum EPC alone is highly 
conservative and appropriate only for screening level conclusions.  Therefore, an additional 
measurement endpoint was considered. 

As part of the second measurement endpoint, mean concentrations were compared to 
invertebrate benchmarks and considered in light of spatial distribution of chemical 
concentrations.  Results showed that mean concentrations of 4 metals exceeded invertebrate 
benchmarks.   

In summary, both of the measurement endpoints indicate that there are potential risks to 
terrestrial invertebrate communities in East and West Groupings.  Several metals (chromium, 
manganese, mercury and zinc) are identified as COPCs.  Therefore, the finding of the risk 
characterization is that terrestrial invertebrate communities at the Site are potentially at risk from 
metals in soil.  However, it is recommended that further risk assessment or risk management 
consider comparison to background and the fact that the grouping does not constitute viable 
habitat.  Concentrations of metals are elevated enough to pose risk to site-wide populations (as 
evidenced from the second measurement endpoint); however, there are also hot spots of metal 
contamination.  Metals are carried forward for further consideration in the conclusions, which 
are discussed in Section 7.12.0.  The risk characterization bears a number of uncertainties that 
are discussed in Section 7.11.0. 

7.9.4 Data Evaluation for Mammalian Wildlife in the In-Town West Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of mammals from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from three feeding guilds – herbivores, insectivores, 
and predators – for assessment.  The following measurement endpoints were evaluated as 
indicators of risk to mammals: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of mammals;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of mammals; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of mammals; 
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• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.9.4.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil to NOAEL-based literature-based TRVs 
protective of mammals.  Section 7.4.0 presents the selection the factors used in exposure 
modeling and Section 7.5.0 presents the selection of mammal TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-35): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

  

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 
• Cadmium 

 
• Chromium 
• Copper 
• Lead 
• Manganese 
• Nickel 

 
• Selenium 
• Silver 
• Vanadium 
• Zinc 

Inorganics 

Predatory mammals 

• Aluminum 
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This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for one inorganic and five metals.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.9.4.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The second measurement endpoint evaluated is comparison of ingested doses for mammals 
based on mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic 
indicator of risk because the mean case scenario reflects exposures across the Site and across 
mammal populations, which are the focus of the ERA. The following null hypothesis was tested 
for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-35): 

Inorganics 

Herbivorous mammals 

• Aluminum 
  

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Cadmium 
• Chromium 
• Nickel 

 
• Selenium 
• Vanadium 
• Zinc 

 

Inorganics 

Predatory mammals 

• Aluminum 
 
 

 
 

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for one inorganic and five metals.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.9.4.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Mammals 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
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therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-35): 

Inorganics 

Herbivorous mammals 

• Aluminum 
  

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Arsenic 

  

 

Inorganics 

Predatory mammals 

• Aluminum 
 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
two inorganics and eight metals (including vanadium which exceeded the NOAEL for 
insectivorous mammals).  The uncertainty associated with the lack of TRVs is discussed in 
Section 7.11.0: Uncertainties. 

7.9.4.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Mammals for Mean Case Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-35): 
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Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 

  

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
 

 
• Cadmium 
• Chromium 
• Nickel 
 

 
• Selenium 
• Vanadium 
• Zinc 
 

Inorganics 

Predatory mammals 

• Aluminum 
 

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0: Uncertainties.   

7.9.4.5 Risk Characterization for Mammals in the In-Town West Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to mammals.  First, maximum concentrations of chemicals 
were used as EPCs in food web exposure models to estimate doses for each representative 
receptor species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs 
and conservative exposure factors, several metals exceed TRVs for herbivorous, insectivorous, 
and predatory mammals. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, one 
metal (aluminum) exceeds TRVs for herbivorous mammals, and nine metals (aluminum, 
antimony, arsenic, cadmium, chromium, nickel, selenium, vanadium, and zinc) exceed TRVs for 
insectivorous mammals.  For predatory birds, one metal (aluminum) exceeds the TRV.  It should 
be noted that selenium was detected in only one surface soil sample.  Because of the 
mathematical calculation of the mean concentration (which uses one-half the detection limit as 
the concentration for any non-detected analyte), the mean exposure estimates for herbivorous 
and insectivorous mammals are higher than the maximum exposure estimates.  This is a direct 
result of the data handling procedure, and is not necessarily a reflection of increased risk to these 
receptors.  Therefore, in cases where the data handling procedure results in an inflated estimated 
dose, the maximum case scenario is considered the more accurate estimate of the potential for 
risks.  Because selenium was not identified as a COPC under the maximum case scenario, this 
metal is not retained as a COPC for further consideration for herbivorous mammals.  Selenium 
was included in the maximum case scenario exceedances for insectivorous mammals; therefore, 
selenium will be retained for further consideration for this receptor. 



  EA Project No. 14342.34 
  Page 289 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison identified one metal (aluminum) as exceeding the 
LOAEL for both herbivorous and predatory mammals.  For predatory mammals, one metal 
(aluminum) exceeded the LOAEL.  Two metals (aluminum and arsenic) exceeded LOAELs for 
insectivorous mammals.   

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Groupings areas.  For herbivorous mammals, the East 
and West Groupings dose of aluminum and antimony exceed the In-Town Groupings doses.  For 
insectivorous mammals, nine metals (aluminum, antimony, arsenic, cadmium, chromium, nickel, 
selenium, vanadium, and zinc) exceeded in the In-Town Groupings doses.  Aluminum exceeded 
the In-Town Groupings doses for predatory mammals.  As noted above, selenium is removed 
from further consideration as a COPC for herbivorous and insectivorous mammals.  
Additionally, it should be noted that the maximum and mean case exposure estimates for 
cadmium, and zinc fall below the LOAELs for insectivorous mammals; therefore, these three 
metals are removed from further evaluation of risk to insectivorous mammals. 

In summary, all four measurement endpoints individually indicate that there are potential risks to 
mammals in East and West Groupings.  However, based on the collective results, arsenic is 
retained as a COPC for insectivorous mammals.  Although aluminum exceeds the LOAELs for 
herbivorous, insectivorous and predatory mammals, the pH of the soil in the In-Town West 
Exposure Grouping is approximately 8.  As stated in Section 7.5.1.1, this circum-neutral pH 
makes aluminum less bioavailable and less mobile.  Therefore, the finding of the risk 
characterization is that herbivorous and predatory mammals at the Site are unlikely to be at risk 
from East and West Grouping chemical contaminants.  Arsenic is carried forward as a COPC for 
insectivorous mammals for further consideration in risk management.  The risk characterization 
bears a number of uncertainties that are discussed in Section 7.11.0. 

7.9.5 Data Evaluation for Avian Wildlife in the In-Town West Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of birds from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from four feeding guilds – herbivores, insectivores, 
predators, and piscivores – for assessment.  The following measurement endpoints were 
evaluated as indicators of risk to birds: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of birds;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 
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Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.9.5.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil, sediment, and surface water to NOAEL-based 
literature-based TRVs protective of birds.  Section 7.4.0 presents the selection the factors used in 
exposure modeling and Section 7.5.0 presents the selection of bird TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-36): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Arsenic 
• Barium 
• Chromium 

 
• Copper 
• Lead 
• Vanadium 
 

 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Barium 
• Cadmium 

 
• Copper 
• Lead 
• Vanadium 
 

 

Inorganics 

Predatory birds 

• Vanadium  
 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for three inorganics and six metals.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   
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7.9.5.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The second measurement endpoint evaluated is comparison of ingested doses for birds based on 
mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic indicator 
of risk because the mean case scenario reflects exposures across the Site and across bird 
populations, which are the focus of the ERA. The following null hypothesis was tested for this 
endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-36): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Copper 
• Vanadium 

  

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Lead 

 

 
• Vanadium 

 

No chemicals exceed TRVs. 

Predatory birds 

This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for three inorganics and six metals.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.9.5.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Birds 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 
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• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-36): 

No chemicals exceed TRVs 

Herbivorous birds 

  

No chemicals exceed TRVs. 

Insectivorous birds 

  

No chemicals exceed TRVs. 

Predatory birds 

This indicates that these chemicals may cause a potential for risk.  TRVs are not available for 
three inorganics and nine metals including aluminum and vanadium which exceed NOAELs for 
herbivorous and insectivorous birds.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0: Uncertainties. 

7.9.5.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Birds for Mean Case Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-36): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Barium 
• Copper 
• Vanadium 
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Inorganics 

Insectivorous birds 

• Aluminum 
• Vanadium 

  

 

Inorganics 

Predatory birds 

• Vanadium 
 

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  The uncertainty associated with the lack of TRVs is 
discussed in Section 7.11.0: Uncertainties.   

7.9.5.5 Risk Characterization for Birds in the In-Town West Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to birds.  First, maximum concentrations of chemicals were 
used as EPCs in food web exposure models to estimate doses for each representative receptor 
species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs and 
conservative exposure factors, several metals exceed TRVs for herbivorous, insectivorous, and 
predatory birds. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, 
three metals (aluminum, copper, and vanadium) exceed TRVs for herbivorous birds, and two 
metals (aluminum and vanadium) exceed TRVs for insectivorous birds.  For predatory birds, no 
chemicals exceed TRVs.  It should be noted that selenium was detected in only one surface soil 
sample.  Because of the mathematical calculation of the mean concentration (which uses one-half 
the detection limit as the concentration for any non-detected analyte), the mean exposure 
estimate for herbivorous birds is higher than the maximum exposure estimate.  This is a direct 
result of the data handling procedure, and is not necessarily a reflection of increased risk to the 
receptor.  Therefore, in cases where the data handling procedure results in an inflated estimated 
dose, the maximum case scenario is considered the more accurate estimate of the potential for 
risks.  Because selenium was not identified as a COPC under the maximum case scenario, this 
metal is not retained as a COPC for further consideration for herbivorous birds. 

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison did not identify any metals as exceeding the LOAEL for 
herbivorous, insectivorous or predatory birds.   

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Groupings areas.  For herbivorous, insectivorous, and 
predatory birds, aluminum, barium, copper, and vanadium are not retained as a COPCs because 
the East and West Grouping doses (under maximum and mean case scenarios) do not exceed the 
LOAELs. 
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In summary, three of the four measurement endpoints individually indicate that there are 
potential risks to birds in East and West Groupings.  However, based on the collective results, no 
chemicals are retained as COPCs for any of the three representative feeding guilds of birds.  
Therefore, the finding of the risk characterization is that birds at the Site are unlikely to be at risk 
from East and West Grouping chemical contaminants.  No chemicals are carried forward for 
further consideration in risk management.  The risk characterization bears a number of 
uncertainties that are discussed in Section 7.11.0. 

7.9.6 Data Evaluation for Reptiles in the In-Town West Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of reptiles and amphibians from impacts of COPCs in soil and food as an assessment endpoint.  
As discussed, exposure and toxicity data for reptiles and amphibians are limited, and there are 
few means to quantitatively assess the potential for risks to these receptors.  Therefore, this ERA 
includes two measurement endpoints that use qualitative means to assess risks to reptiles and 
amphibians.  The first of these is an evaluation of the results for birds and mammals as surrogate 
receptors with the rationale that, if exposure pathways produce exposures that are significant 
enough to pose risks to these surrogate receptors, then the same pathways may pose risks to 
reptiles.  The second measurement endpoint is a qualitative evaluation of the available 
toxicological data for those chemicals posing risks to surrogate receptors.  There are significant 
uncertainties associated with this approach which are discussed in Section 7.5.0. 

7.9.6.1 Measurement Endpoint 1:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in terrestrial habitats may be exposed to chemicals in soil and in food 
that has been ingested.  They share these exposure pathways with birds and mammals.  However, 
toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species.  Therefore, an alternative means of assessing the 
potential for risk was employed.  The ERA results for birds and mammals were examined as 
surrogate receptors.  Any chemicals identified as risk drivers for birds and mammals are 
identified as risk drivers for reptiles and amphibians.  The following hypothesis was tested: 

•  Ho:  The risk characterization for surrogate receptors identifies no risk drivers. 

As presented in Sections 7.6.1 through 7.6.5 above, no COPCs are retained for birds and 
mammals at the Site.  While it is not possible to rule out risks to reptiles and amphibians, results 
for other receptors indicate they are unlikely. 

7.9.6.2 Risk Characterization for Reptiles in the West Exposure Grouping 

The risk characterization draws from a qualitative measurement endpoint as a line of evidence 
for evaluation of the potential for risks to reptiles and amphibians.  This endpoint was a review 
of the risk characterizations for avian and mammal receptors at the Site as surrogate receptors for 
reptiles and amphibians.  This review indicated that arsenic and aluminum were retained as a 
COPCs for insectivorous mammals.  Based on this finding, and the lack of quality habitat for 
reptiles within the grouping risks to reptiles in the West Exposure Groupings are not 
recommended for further consideration.  There is uncertainty associated with the use of 
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qualitative measurement endpoints and surrogate receptors that are discussed in Section 7.11.0: 
Uncertainties. 
 
7.10 RISK CHARACTERIZATION FOR THE IN-TOWN EAST EXPOSURE 

GROUPING 

The purpose of the risk characterization is to evaluate the lines of evidence provided by testing 
measurement endpoints and draw conclusions regarding the potential for risks to each 
assessment endpoint/representative receptor.  The risks associated with each assessment endpoint 
applicable for the In-Town East Exposure Grouping are characterized below using the exposure 
modeling, toxicity values, and survey data to test the measurement endpoints outlined in Section 
7.3.0.  Each measurement endpoint provides lines of evidence that are brought together in the 
final risk characterization using a qualitative weight of evidence approach.   

7.10.1  Overview of the In-Town East Exposure Grouping 

The In-Town West Exposure Grouping comprises commercial or residential parcels north, east, 
and west of the Humboldt Smelter (Figure 1-2).  Soil from these areas was sampled to determine 
whether metals in dust from East and West Groupings had been deposited on the Site.  These 
areas are developed and are likely to provide relatively poor habitat due to non-chemical related 
stressors related to development and site use.  

For the In-Town West Exposure Grouping, chemical analytical results from 270 soil samples 
(Table 7-1) were used as the basis for EPCs, which are summarized in Table 7-32.  Analytical 
results show that concentrations of metals are elevated above background concentrations, as 
indicated by maximum arsenic concentrations of 677 mg/kg (Table 7-37).  Most notable among 
these are arsenic, lead, and several cationic metals such as zinc (Figures 5-46 through 5-51).   

In addition to the chemical analytical data used to develop EPCs, speciation data available for 
use in qualitative evaluation of the applicability of metal bioavailability.  Speciation data indicate 
that arsenic is present as less toxic As V, and that lead is bound in forms that are not immediately 
soluble, but which may be readily solubilized by acidification or through ingestion/digestion.   

7.10.2 Data Evaluation for Terrestrial Plants in the In-Town East Exposure Grouping 

The conceptual model for the In-Town East Exposure Grouping identifies protection of 
terrestrial plant survival, growth, and reproduction from impacts of COPCs in soil as an 
assessment endpoint.  The following measurement endpoints were evaluated as indicators of risk 
to terrestrial plants: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
plants; 

• Comparison of the mean chemical concentrations to benchmarks protective of plants; and 

• Qualitative evaluation of vegetative communities at the Site. 
Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
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(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.  Measurement endpoints using site-specific vegetative 
survey data are given less weight due to the qualitative nature of this data; however, they are 
considered important in light of the fact that maximum concentration comparisons are highly 
conservative.  

7.10.2.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Plants 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of plants.  Because 
these benchmarks are directly relatable to the potential for toxic effects, they are referred to as 
TRVs.  Section 7.3.0 presents the selection of plant community TRVs.  While literature-based 
TRVs are not site-specific, these comparisons provide a highly precautionary estimate of the 
potential for risk.  The following null hypothesis is tested for this endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for plants. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 17 metals exceed 
TRVs protective of plants grown in soil (Table 7-38).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with maximum concentrations exceeding plant TRVs are listed 
below with the associated maximum HQs in parentheses.   

Inorganics 
• Aluminum (2,100) 
• Antimony (32) 
• Arsenic (38) 
• Barium (4.6) 
• Beryllium (1.1) 
• Cadmium (1.4) 

 
• Chromium (441) 
• Cobalt (4.5) 
• Copper (104) 
• Lead (151) 
• Manganese (38) 
• Mercury (62) 

 
• Nickel (6.7) 
• Selenium (95) 
• Thallium (3.6) 
• Vanadium (132) 
• Zinc (42) 
 

 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Plant TRVs are not available for four inorganics, five metals and one VOC.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.10.2.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Plants 

Comparison of mean chemical concentrations in soil to plant TRVs was considered as a second 
measurement endpoint.  The mean is a general indicator of population-wide exposures; use of the 
mean as a comparison value is not precautionary, and results must be interpreted In light of the 
spatial distribution of chemical concentrations.  The following null hypothesis is tested for this 
endpoint: 
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• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for plants. 

When mean EPCs of COPCs were compared to TRVs, concentrations of 11 metals exceed TRVs 
protective of plants grown in soil (Table 7-38).  HQs greater than or equal to one indicate 
potentials for risk.  Chemicals with mean concentrations exceeding plant TRVs are listed below 
with the associated mean HQs in parentheses.   

Inorganics 
• Aluminum (361) 
• Arsenic (2.6) 
• Chromium (30) 
• Cobalt (1.1) 

 
• Copper (4.3) 
• Lead (1.5) 
• Manganese (3.9) 
• Mercury (2.8) 

 
• Selenium (5.0) 
• Vanadium (25) 
• Zinc (3.0) 
 

Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Plant TRVs are not available for four inorganics, five metals and one VOC.  The 
uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.10.2.3 Measurement Endpoint 3:  Qualitative Evaluation of Habitat Survey Data 

While habitat survey data does not quantify plant community metrics at the Site, it does provide 
site-specific information that may be more relevant than benchmark comparisons which do not 
consider site-specific conditions.  Therefore, results of the habitat survey were used to test the 
following measurement endpoints:  

• Ho:  Vegetative communities in East and West Groupings show no signs of vegetative stress. 

• Ho:  Vegetative communities in East and West Groupings contain similar species to those in 
the In-Town Groupings. 

The In-Town East Grouping plant communities within the former working areas show signs of 
better health compared to chaparral habitat of the developed area of the East Exposure Grouping.  
The land slopes down away from the developed area to the Agua Fria River and the Chaparral 
Gulch.  Beyond these waterways, the land then slopes back up.  Because of the topography, the 
Agua Fria River and the Chaparral Gulch provide a natural barrier.  The vegetative communities 
of the In-Town East Exposure Grouping do not show signs of stress.  The riparian corridor along 
the Agua Fria River is more lush on the east side of the river.  The land on the upslope to the 
south of the Chaparral Gulch and continuing in the In-Town Groupings exhibits plant cover 
typical of chaparral habitat in some places and semi-desert grassland in others, somewhat sparse 
with some mesquite, cacti, yuccas and forbs. 

7.10.2.4 Risk Characterization for Terrestrial Plants in the In-Town East Exposure Grouping 

The risk characterization section for terrestrial plants evaluates the information available for the 
In-Town East Exposure Grouping, including the results for the measurement endpoints tested 
above to provide a conclusion regarding the potential for adverse effects on plant survival, 
growth, and reproduction from chemicals in soil.   
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As discussed in Section 7.10.1, the In-Town East Exposure Grouping consists of commercial and 
residential parcels; these are disturbed sites that provide poor conditions for plant growth.  
Concentrations of metals are elevated above background. 

Three measurement endpoints were evaluated to aid in characterizing risks.  The first was a 
screening level comparison of the maximum EPC in East and West Groupings to soil 
benchmarks protective of plants.  This comparison identified 17 metals as exceeding benchmarks 
in at least one sample.  This is a highly precautionary indicator of risk because only the highest 
concentrations are evaluated.  Therefore, mean concentrations were also compared to plant 
benchmarks and considered in light of spatial distribution of chemical concentrations as a second 
measurement endpoint.  Results showed that mean concentrations of 11 metals exceeded plant 
benchmarks (aluminum, arsenic, chromium, cobalt, copper, lead, manganese, mercury, selenium, 
vanadium, zinc).  The third measurement endpoint was qualitative evaluation of vegetative 
community health based on surveys during site visits.  East and West Grouping communities 
showed signs of stress; these are likely to have been related to development and physical 
disturbance.  Surrounding areas did not show signs of stress.   

In summary, comparison to benchmarks indicates that there are potential risks to vegetative 
communities in East and West Groupings from several metals.  The observed disturbance to 
vegetative communities is likely to be due to development; surrounding vegetative communities 
that would also have received inputs through aerial deposition do not show signs of impacts.  
Because there are benchmark exceedances, this assessment finds that vegetative communities at 
the Site are potentially at risk from COPCs in soil (aluminum, arsenic, chromium, cobalt, copper, 
lead, manganese, mercury, selenium, vanadium, zinc).  However, it is recommended that further 
risk assessment or management for this grouping consider the fact that the area is not viable plant 
habitat.  Metals are carried forward for further consideration in the conclusions, which are 
discussed in Section 7.12.0.  The risk characterization bears a number of uncertainties that are 
discussed in Section 7.11.0. 

7.10.3 Data Evaluation for Terrestrial Invertebrates in the In-Town East Exposure 
Grouping 

The conceptual model for the In-Town East Exposure Grouping identifies protection of 
terrestrial invertebrate survival, growth, and reproduction from impacts of COPCs in soil as an 
assessment endpoint.  The following measurement endpoints were evaluated as indicators of risk 
to terrestrial invertebrates: 

• Comparison of the maximum chemical concentrations to benchmarks protective of 
invertebrates; and 

• Comparison of the mean chemical concentrations to benchmarks protective of 
invertebrates. 

Comparison of maximum concentrations to benchmarks is given the most weight in the weight 
of evidence approach because it is the most precautionary indicator of risks at specific locations 
(i.e., hot spots).  Comparison of mean concentrations to benchmarks is given the second most 
weight as an indicator of population-wide risks with the understanding that results must be 
interpreted in light of spatial distribution.   



  EA Project No. 14342.34 
  Page 299 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

7.10.3.1 Measurement Endpoint 1:  Screening-Level Comparison of Maximum Soil 
Concentrations to TRVs for Invertebrates 

The first measurement endpoint evaluated was the screening-level comparison of maximum 
chemical concentrations in soil to literature-based benchmarks protective of invertebrates.  
Because these benchmarks are directly relatable to the potential for toxic effects, they are 
referred to as TRVs.  Section 7.3.0 presents the selection of invertebrate community TRVs.  
While literature-based TRVs are not site-specific, these comparisons provide a highly 
precautionary estimate of the potential for risk.  The following null hypothesis is tested for this 
endpoint: 

• Ho:  Maximum concentrations of COPCs in soil are not greater than or equal to literature-
based TRVs for invertebrates. 

When maximum EPCs of COPCs were compared to TRVs, concentrations of 10 metals exceed 
TRVs protective of invertebrates grown in soil (Table 7-39).  Chemicals with maximum 
concentrations exceeding invertebrate TRVs are listed below with the associated maximum HQs 
in parentheses.   

Inorganics 
• Antimony (2.1) 
• Arsenic (11) 
• Barium (7.0) 
• Chromium (1,100) 

 
• Copper (91) 
• Lead (11) 
• Manganese (19) 

 
• Mercury (187)  
• Selenium (12) 
• Zinc (56) 

 
 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals, although this measurement endpoint is highly precautionary because it assumes 
maximum exposure.  Invertebrate TRVs are not available for four inorganics, 10 metals and one 
VOC.  The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.10.3.2 Measurement Endpoint 2:  Comparison of Mean Soil EPC to Benchmarks Protective of 
Invertebrates 

Comparison of mean chemical concentrations in soil to invertebrate TRVs was considered as a 
second measurement endpoint.  The mean is a general indicator of population-wide exposures; 
use of the mean as a comparison value is not precautionary, and results must be interpreted In 
light of the spatial distribution of chemical concentrations.  The following null hypothesis is 
tested for this endpoint: 

• Ho:  Mean concentrations of COPCs in soil are not greater than or equal to literature-based 
TRVs for invertebrates. 

When mean EPCs of COPCs were compared to TRVs, concentrations of five metals exceed 
TRVs protective of invertebrates grown in soil (Table 7-39).  HQs greater than or equal to one 
indicate potentials for risk.  Chemicals with mean concentrations exceeding invertebrate TRVs 
are listed below with the associated mean HQs in parentheses.   
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Inorganics 
• Chromium (76) 
• Copper (3.8) 

 
• Manganese (1.9) 
• Mercury (8.3)  

 
• Zinc (4.0) 

 
 
Results for this measurement endpoint indicate that there is a potential for risk from these 
chemicals.  Invertebrate TRVs are not available for four inorganics, 10 metals and one VOC.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0. 

7.10.3.3 Risk Characterization for Terrestrial Invertebrates in the In-Town East Exposure 
Grouping 

The risk characterization section for terrestrial invertebrates evaluates the results for 
measurement endpoints above to provide a conclusion regarding the potential for adverse effects 
on invertebrate survival, growth, and reproduction from chemicals in soil.  Two measurement 
endpoints were evaluated.  The first was a screening level comparison of the maximum EPC to 
soil benchmarks protective of terrestrial invertebrates.  This comparison identified 10 metals as 
exceeding benchmarks in at least one sample.  The use of the maximum EPC alone is highly 
conservative and appropriate only for screening level conclusions.  Therefore, an additional 
measurement endpoint was considered. 

As part of the second measurement endpoint, mean concentrations were compared to 
invertebrate benchmarks and considered in light of spatial distribution of chemical 
concentrations.  Results showed that mean concentrations of five metals (chromium, copper, 
manganese, mercury, zinc) exceeded invertebrate benchmarks.   

In summary, both of the measurement endpoints indicate that there are potential risks to 
terrestrial invertebrate communities in East and West Groupings.  Chromium, copper, 
manganese, mercury, zinc are identified as COPCs based on mean EPC exceedance of 
benchmarks; other metals may be a concern at hot spots.  The finding of this risk assessment is 
that terrestrial invertebrate communities at the Site are potentially at risk from metals in soil, and 
metals are carried forward for further consideration into risk assessment and risk management.  
These should also consider the fact that the parcels within the In-Town East Grouping are 
developed and provide poor habitat for invertebrates due to factors other than chemistry.  The 
risk characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.10.4 Data Evaluation for Mammalian Wildlife in the In-Town East Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of mammals from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from three feeding guilds – herbivores, insectivores, 
and predators – for assessment.  The following measurement endpoints were evaluated as 
indicators of risk to mammals: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of mammals;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of mammals; 
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• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of mammals; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 

7.10.4.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil to NOAEL-based literature-based TRVs 
protective of mammals.  Section 7.4.0 presents the selection the factors used in exposure 
modeling and Section 7.5.0 presents the selection of mammal TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-40): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Chromium 

 
• Copper 
• Lead 
• Manganese 
• Nickel 

 
• Selenium 
• Thallium 
• Vanadium 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 
• Beryllium 
• Cadmium 

 
• Chromium 
• Copper 
• Lead 
• Manganese 
• Nickel 

 
• Selenium 
• Silver 
• Thallium 
• Vanadium 
• Zinc 
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Inorganics 

Predatory mammals 

• Aluminum 
• Antimony 

 
• Lead 
• Thallium 

 

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for two inorganics, five metals and one VOC.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.4.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Mammals 

The second measurement endpoint evaluated is comparison of ingested doses for mammals 
based on mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic 
indicator of risk because the mean case scenario reflects exposures across the Site and across 
mammal populations, which are the focus of the ERA. The following null hypothesis was tested 
for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding mammal TRVs for each feeding guild (Table 7-40): 

Inorganics 

Herbivorous mammals 

• Aluminum  
• Antimony 
• Copper 

  
 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 
• Cadmium 

 
• Chromium 
• Copper 
• Lead 
• Nickel 

 
• Selenium 
• Thallium 
• Vanadium 
• Zinc 

 

Inorganics 

Predatory mammals 

• Aluminum 
  

 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for two inorganics, five metals and one VOC.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   
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7.10.4.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Mammals 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-40): 

Inorganics 

Herbivorous mammals 

• Aluminum 
  

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Arsenic 

 
• Selenium 
• Thallium 

 
 

 

Inorganics 

Predatory mammals 

• Aluminum  
 
This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
three inorganics, eight metals (including vanadium) and one VOC.  The uncertainty associated 
with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.4.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Herbivorous Mammals for Mean Case 
Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 
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• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-40): 

Inorganics 

Herbivorous mammals 

• Aluminum 
• Antimony 
• Thallium 

 
 

 

Inorganics 

Insectivorous mammals 

• Aluminum 
• Antimony 
• Arsenic 

 
• Cadmium 
• Chromium 
• Nickel 
 

 
• Selenium 
• Thallium 
• Zinc 

Inorganics 

Predatory mammals 

• Aluminum 
 

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  TRVs are not available for several SVOCs.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.4.5 Risk Characterization for Mammals in the In-Town East Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to mammals.  First, maximum concentrations of chemicals 
were used as EPCs in food web exposure models to estimate doses for each representative 
receptor species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs 
and conservative exposure factors, numerous metals exceed TRVs for herbivorous, 
insectivorous, and predatory mammals. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, 
several metals exceed TRVs for herbivorous, insectivorous, and predatory mammals. 

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  This comparison identified one metal (aluminum) as exceeding the 
LOAEL for herbivorous mammals and for predatory mammals.  Four metals (aluminum, arsenic, 
selenium, and thallium) exceeded LOAELs for insectivorous mammals.   
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The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Groupings areas.  Numerous metals have East and West 
Grouping doses that exceed the In-Town Groupings doses.  However, most of these metals do 
not exceed LOAELs and are therefore, removed from further consideration as COPCs.  Of the 
LOAEL exceedances, only arsenic, selenium, and thallium have East and West Grouping doses 
that also exceed in the In-Town Grouping doses (insectivorous mammals). 

In summary, all four measurement endpoints individually indicate that there are potential risks to 
mammals in East and West Groupings.  For herbivorous mammals, East and West Grouping 
doses of aluminum, antimony, and thallium exceed LOAEL-based TRVs and in the In-Town 
Groupings doses while for predatory mammals aluminum is the only exceedance.  For 
insectivorous mammals, East and West Grouping doses of arsenic, selenium, and thallium 
exceed LOAEL-based TRVs and in the In-Town Groupings doses.  Therefore, these four metals 
are retained as COPCs for mammals.  Therefore, the finding of the risk characterization is that 
mammals at the Site are potentially at risk from metals.  These chemicals are carried forward for 
further consideration in the conclusions, which are discussed in Section 7.12.0.  The risk 
characterization bears a number of uncertainties that are discussed in Section 7.11.0. 

7.10.5 Data Evaluation for Avian Wildlife in the In-Town East Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of birds from impacts of COPCs in soil and food as an assessment endpoint.  The conceptual 
model identified representative receptors from four feeding guilds – herbivores, insectivores, 
predators, and piscivores – for assessment.  The following measurement endpoints were 
evaluated as indicators of risk to birds: 

• Screening level comparison of maximum case scenario doses ingested through the food web 
to NOAEL-based benchmarks protective of birds;  

• Comparison of mean case scenario doses ingested through the food web to NOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web to LOAEL-based 
benchmarks protective of birds; 

• Comparison of mean case scenario doses ingested through the food web in East and West 
Groupings to mean case scenario doses in reference areas. 

Comparisons using mean concentrations are considered the best indicator of population wide 
risks at the Site, and are given the most weight in the weight of evidence evaluation.  The 
comparison of maximum concentrations to benchmarks is the most conservative indicator of 
risks, and thus given less weight, although it is an important indicator of hot spots.  While 
comparison to NOAELS provides a highly precautionary indicator of risks, comparison to 
LOAELs provides a clearer indicator of whether risks are likely to occur.  In the weight of 
evidence, both are considered in conjunction with other factors, such as spatial distribution. 
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7.10.5.1 Measurement Endpoint 1:  Comparison of Maximum Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The first measurement endpoint evaluated is a screening level comparison of exposure estimates 
(doses) based on maximum concentrations in soil, sediment, and surface water to NOAEL-based 
literature-based TRVs protective of birds.  Section 7.4.0 presents the selection the factors used in 
exposure modeling and Section 7.5.0 presents the selection of bird TRVs.  These literature-based 
TRVs are not site-specific, and these comparisons provide a highly conservative estimate of the 
potential for risk.  The following null hypothesis was tested for this endpoint: 

• Ho:  Exposure models using maximum concentrations of COPCs yield exposure estimates 
that are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-41): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 

 
• Cadmium 
• Chromium 
• Copper 
• Lead 

 
• Mercury 
• Selenium 
• Vanadium 
• Zinc 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Antimony 
• Arsenic 
• Barium 

 
• Cadmium 
• Chromium 
• Copper 
• Lead 

 
• Selenium 
• Vanadium 
• Zinc 

 

Inorganics 

Predatory birds 

• Aluminum 
• Lead 
• Vanadium 
 
This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for four inorganics, six metals and one VOC.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.5.2 Measurement Endpoint 2:  Comparison of Mean Case Scenario Modeled Doses to 
NOAEL Benchmarks Protective of Birds 

The second measurement endpoint evaluated is comparison of ingested doses for birds based on 
mean EPCs to NOAEL-based TRVs.  Doses based on mean EPCs are a more realistic indicator 
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of risk because the mean case scenario reflects exposures across the Site and across bird 
populations, which are the focus of the ERA. The following null hypothesis was tested for this 
endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to NOAEL-based TRVs. 

Dose modeling and comparisons using maximum EPCs identified the following chemicals as 
equaling or exceeding bird TRVs for each feeding guild (Table 7-41): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Copper 
• Lead 
• Vanadium 

 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Cadmium 
• Copper 

 
• Lead 
• Vanadium 

 

No chemicals exceed TRVs. 

Predatory birds 

This indicates that these chemicals may cause a potential for risk at the locations where 
concentrations are highest.  TRVs are not available for four inorganics, six metals and one VOC.  
The uncertainty associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.5.3 Measurement Endpoint 3:  Comparison of Mean Case Scenario Modeled Doses to 
LOAEL Benchmarks Protective of Birds 

The third measurement endpoint evaluated is comparison of exposure estimates based on mean 
EPCs to LOAEL-based TRVs.  LOAELs are a valuable indicator of risk because they provide a 
bound to NOAELs.  Exceeding a NOAEL does not necessarily indicate a risk, because NOAELs, 
by definition, correspond to no effects, and may not be the highest concentration at which no 
effects occur.  LOAELs provide a clear indication of potential effects and a potential for risk; 
therefore, comparisons to LOAELs provide an important tool for ERA.  The following null 
hypothesis was tested for this endpoint: 

• Ho:  Exposure models using mean concentrations of COPCs yield exposure estimates that 
are not greater than or equal to LOAEL-based TRVs. 



  EA Project No. 14342.34 
  Page 308 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

When mean case scenario doses are compared to LOAEL-based TRVs, the following chemicals 
exceed (Table 7-41): 

No chemicals exceed TRVs.  

Herbivorous birds 

No chemicals exceed TRVs.  

Insectivorous birds 

No chemicals exceed TRVs.  

Predatory birds 

This indicates that these chemicals may cause a potential for risk.  LOAELs are not available for 
four inorganics, 10 metals (including aluminum and vanadium which exceeded the NOAELs for 
insectivorous and herbivorous birds) and one VOC.  The uncertainty associated with the lack of 
TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.5.4 Measurement Endpoint 4:  Comparison of Modeled Doses in East and West Groupings 
to Modeled Doses in the In-Town Groupings for Herbivorous Birds for Mean Case 
Scenarios 

Exposure estimates in East and West Groupings can be compared to exposure estimates in the 
In-Town Groupings to aid in determining which chemical exposures may be source-related and 
which may be naturally occurring or ubiquitous.  This is especially appropriate in the case of 
metals, where literature-based TRVs may not take into account chemical forms found in natural 
settings.  Therefore, doses for East and West Grouping COPCs are compared to doses in 
reference areas.  The following null hypothesis is tested for this endpoint to assess the potential 
for risk from organic chemicals: 

• Ho:  Mean case scenario exposures in East and West Groupings are not greater than mean 
case scenario doses for reference areas calculated with the same parameters. 

The following chemicals demonstrate doses in East and West Groupings that are greater than 
those in the In-Town Groupings (Table 7-41): 

Inorganics 

Herbivorous birds 

• Aluminum 
• Barium 

 
• Copper 
• Vanadium 

 

 

Inorganics 

Insectivorous birds 

• Aluminum 
• Vanadium 
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Inorganics 

Predatory birds 

• Vanadium  
 

This indicates that these chemicals may cause a potential for risk that is greater than the potential 
for risk in the In-Town Groupings.  TRVs are not available for several SVOCs.  The uncertainty 
associated with the lack of TRVs is discussed in Section 7.11.0: Uncertainties.   

7.10.5.5 Risk Characterization for Birds in the In-Town East Exposure Grouping 

The risk characterization draws from numerous measurement endpoints as lines of evidence for 
evaluation of the potential for risks to birds.  First, maximum concentrations of chemicals were 
used as EPCs in food web exposure models to estimate doses for each representative receptor 
species.  Doses were then compared to NOAEL-based TRVs.  Using maximum EPCs and 
conservative exposure factors, several metals exceed TRVs for herbivorous and insectivorous 
birds.  For predatory birds, no chemicals exceed TRVs. 

Next, doses were estimated using mean EPCs and compared to NOAEL-based TRVs.  The mean 
case scenario dose is most representative of population-wide exposures.  Using mean EPCs, four 
metals (aluminum, copper, lead, and vanadium) exceed TRVs for herbivorous birds, and three 
metals (aluminum, cadmium, copper, lead, and vanadium) exceed TRVs for insectivorous birds.  
For predatory birds, no chemicals exceed TRVs.   

An additional measurement endpoint was the comparison of mean case scenario doses to 
LOAEL-based TRVs.  For herbivorous, insectivorous and predatory birds, no metals exceeded 
LOAELs. 

The last measurement endpoint considered was comparison of the doses of chemicals in East and 
West Groupings to doses in the In-Town Groupings areas.  For herbivorous birds, East and West 
Grouping doses of four metals (aluminum, barium, copper and vanadium) exceed the In-Town 
Groupings doses.  For insectivorous birds, the East and West Grouping doses of aluminum and 
vanadium exceeded the In-Town Groupings doses.  For predatory birds, the East and West 
Grouping dose of vanadium exceeded the In-Town Groupings doses.  However, none of these 
four metals exceeded LOAELs for these receptors.  Therefore, these metals are removed from 
further consideration as COPCs for these receptors. 

In summary, three of the four measurement endpoints individually indicate that there are 
potential risks to birds in East and West Groupings.  However, based on the collective results, no 
chemicals are retained as COPCs for herbivorous, insectivorous, or predatory birds.  Although 
East and West Grouping doses of several metals exceed NOAEL-based TRVs, these East and 
West Grouping doses are less than LOAELs and in the In-Town Groupings doses.  Therefore, 
the finding of the risk characterization is that birds at the Site are unlikely to be at risk from East 
and West Grouping chemical contaminants.  No chemicals are carried forward for further 
consideration in risk management.  The risk characterization bears a number of uncertainties that 
are discussed in Section 7.11.0. 



  EA Project No. 14342.34 
  Page 310 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

7.10.6 Data Evaluation for Reptiles in the In-Town East Exposure Grouping 

The conceptual model for the Site identifies protection of the survival, growth, and reproduction 
of reptiles and amphibians from impacts of COPCs in soil and food as an assessment endpoint.  
As discussed, exposure and toxicity data for reptiles and amphibians are limited, and there are 
few means to quantitatively assess the potential for risks to these receptors.  Therefore, this ERA 
includes a single measurement endpoint that uses qualitative means to assess risks to reptiles and 
amphibians.  This measurement endpoint is an evaluation of the results for birds and mammals as 
surrogate receptors with the rationale that, if exposure pathways produce exposures that are 
significant enough to pose risks to these surrogate receptors, then the same pathways may pose 
risks to reptiles.  There are significant uncertainties associated with this approach which are 
discussed in Section 7.11.0. 

7.10.6.1 Measurement Endpoint 1:  Qualitative Evaluation of Surrogate Receptors 

Reptiles and amphibians in terrestrial habitats may be exposed to chemicals in soil and in food 
that has been ingested.  They share these exposure pathways with birds and mammals.  However, 
toxicological and exposure data for reptiles and amphibians is insufficient to support a full 
quantitative evaluation for these species.  Therefore, an alternative means of assessing the 
potential for risk was employed.  The ERA results for birds and mammals were examined as 
surrogate receptors.  Any chemicals identified as COPCs for birds and mammals are identified as 
COPCs for reptiles and amphibians.  The following hypothesis was tested: 

•  Ho:  The risk characterization for surrogate receptors identifies no COPCs. 

As presented in Sections 7.10.1 through 7.10.5 above, there is a substantial potential for risk 
posed to birds and mammals at the Site.  This risk is driven by metals (antimony, copper, 
selenium, and thallium).    Therefore, these chemicals are considered COPCs for reptiles. 

7.10.6.2 Risk Characterization for Reptiles in the In-Town East Exposure Grouping 

The risk characterization draws from a qualitative measurement endpoint as a line of evidence 
for evaluation of the potential for risks to reptiles and amphibians.  This endpoint was a review 
of the risk characterizations for avian and mammal receptors at the Site as surrogate receptors for 
reptiles and amphibians.  This review indicated that there are substantial risks posed to these 
surrogate receptors by metals.  Based on this finding, metals are recommended for further 
consideration.  There is uncertainty associated with the use of qualitative measurement endpoints 
and surrogate receptors that are discussed in Section 7.11.0: Uncertainties. 

7.11 UNCERTAINTY EVALUATION 

There are a number of uncertainties inherent in the analysis tools used for this ERA and in the 
assessment of risks in the risk characterization.  These uncertainties must be taken into 
consideration when interpreting the data presented in the previous sections and when making risk 
management decisions based on the conclusions of this risk characterization.  The uncertainties 
are associated with four areas of the risk assessment:  
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• Sample design and data representativeness; 

• Analysis of chemical data 

• Analysis of estimated exposure and toxicity data 

• Assessment of risks. 
 

7.11.1 Sample Design and Data Representativeness 

Of the potential uncertainties associated with risk assessment of the Site, the sample design and 
data representativeness are likely to have the greatest impact.  The greatest uncertainty associated 
with the sample design is associated with targeting specific analytes at specific locations.  
Focusing the study design to provide analyses for certain chemicals to specific suspected source 
areas is a valid and accepted means of maintaining a practical and efficient limit on the field 
effort.  However, there is always a possibility that the study design could miss samples where 
these chemicals are present.  To minimize this possibility and the associated uncertainty, the 
study design was based on in-depth consideration of site history, potential sources, and fate and 
transport.  Study design also incorporated observations during site visits as part of field 
verification.   

Sampling of the Site includes data from multiple years.  Data from early sampling efforts are 
validated and reviewed and are generally consistent with results of later rounds.  However, 
analytical techniques from early in the sampling history sometimes produced reporting limits that 
are higher than those in later efforts.  Because the whole reporting limit is used in calculating 
mean EPC, this may serve to inflate mean EPC due to inaccuracy of early methods.  Also, results 
for specific compounds may not be available for specific sample locations because early 
analytical methods resulted in rejected or blank qualified data.  

Another source of uncertainty inherent to the ERA is based on characterization of current 
conditions, and does not reflect potential future risks should migration of contaminants continue.  
The ERA is based on EPCs derived from samples of media currently present at the Site.  Should 
sources of chemicals at the Site remain uncontrolled, conditions may change and affect the 
potential for risks to ecological receptors.  Should concentrations increase, transfer into new 
media, or transfer to higher quality habitat, potential risks could increase.  

7.11.2 Analysis of Chemical Data 

Within each exposure grouping, the maximum concentration of a chemical detected in duplicate 
or paired samples was the concentration considered throughout the ERA.  Selecting the 
maximum concentration of a chemical detected in duplicate samples for use in the ERA is a 
conservative measure and may overestimate risks. 

Within each exposure grouping, the arithmetic mean concentration of a chemical was calculated 
using either the detected concentration or the full reporting limit if an analyte was not detected.  
This approach is consistent with the derivation of EPCs outlined in EPA ProUCL 4.0 guidance 
(Singh, A., Singh, A.K., and R.W. Maichle.  2007).  By assuming that the concentration is equal 
to the full reporting limit, there is a potential to overestimate the arithmetic mean.   
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7.11.3 Analysis of Estimated Exposure and Toxicity Data 

The potential for adverse effects to wildlife from dermal absorption or inhalation of chemicals 
could not be evaluated because of a lack of exposure data.  However, based on the COPCs 
detected in the sampled media, these potential exposure pathways are unlikely to be important 
routes of exposure for terrestrial species, and the inclusion of these pathways is unlikely to 
significantly alter the risk estimates.  For terrestrial wildlife, dermal absorption is also limited by 
fur and feathers.  In addition, the potential for adverse effects to plants from chemicals via foliar 
uptake could not be assessed due to the lack of exposure data.   

A major source of uncertainty in the ERA is associated with the estimation of receptor exposure 
to COPCs.  Generally, the models used to estimate exposures from soil and prey were created to 
represent a worst-case scenario of possible risks to the receptor groups, and thus, many 
conservative assumptions were incorporated into the models.  For example, the models assume a 
100% area use factor.  To address this uncertainty, home range or foraging range and chemical 
spatial distribution are incorporated into the risk characterization for each receptor. 

In the absence of site-specific information on the bioavailability and form of chemicals (such as 
the organic COPCs), the bioavailability of chemicals was based on values and models taken from 
the scientific literature.  COPCs to which receptors are exposed are assumed to be present in 
their most bioavailable and toxic chemical form found in the environment.  Availability and 
chemical form are affected by factors such as pH, moisture, temperature, microbial activity, and 
interaction with other chemicals, and in many cases, chemicals are present in less bioavailable/ 
toxic forms in the environment.  Given the relatively conservative nature of the toxicity values in 
terms of chemical bioavailability and form, it is likely that the potential for adverse effects was 
overestimated. 

There is an uncertainty associated with using allometric body scaling for TRVs.  Guidance 
regarding use of allometric scaling varies.  Allometric scaling begins with empirical data from 
one receptor species in which a dose is described as a NOAEL.  The NOAEL is usually based on 
statistically significant toxicological data as well as the experimenter’s judgment.  This NOAEL 
is then scaled to the desired receptor using body size.  Because the data extrapolated often 
combines judgment with hard data, making a statistical interpretation is difficult.  However, 
allometric scaling for estimating exposure is proper to use when empirical data do not exist. 

There is a great deal of uncertainty associated with the lack of TRVs for chemicals evaluated in 
the ERA.  For wildlife, the lack of TRVs for specific chemicals remains an uncertainty 
throughout the risk assessment.  Some organic chemicals identified as lacking wildlife TRVs 
were detected infrequently or at low concentrations; others were detected in a significant number 
of samples.  This represents a significant uncertainty that should be considered when evaluating 
risk assessment results.  Further uncertainty is associated with substituting toxicity criteria 
derived for a specific chemical for a different, but related, chemical for which toxicity criteria 
have not been derived.   

7.11.4 Assessment of Risks 

There are uncertainties associated with the assessment of risks at the Site.  The most important 
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uncertainty is the limited ability of risk assessment to assess combined and synergistic effects of 
chemicals.  Most of the chemicals detected at the Site were metals, although a small number of 
organic chemicals were also detected.  The variety of chemicals, the extent of elevated 
concentrations, and the widespread nature of contamination at the Site make it a highly complex 
site.  Comparison of individual chemicals to TRVs does not capture the potential for combined 
effects.  As such, risk assessment conclusions have conservatively identified the potential for 
synergistic effects, and recommended in certain cases the consideration in risk management of 
all detected chemicals. 

Another uncertainty is the extrapolation of assumptions about the potential for adverse effects 
from individual organisms to populations or communities.  The intent of this risk 
characterization, as set forth in the assessment endpoints, is to evaluate risks to populations and 
communities.  It was generally assumed that if there is no potential for direct adverse effects to 
individual organisms then it is also unlikely for there to be the potential for direct adverse effects 
to populations or communities.  Similarly, it was assumed that if there is the potential for adverse 
effects to individual organisms there is also the potential for adverse effects to populations or 
communities.  Risks may have been overestimated by this latter assumption. 

There is also uncertainty regarding the assessment and characterization of risks to reptiles and 
amphibians.  Perhaps the greatest uncertainty with respect to the characterization of risks to 
reptiles and amphibians is that there are very few means of directly measuring risks to or effects 
on the assessment endpoints.  This difficulty is compounded by the lack of receptor specific 
chemical benchmarks, uptake data, and bioconcentration rates.  Approved TRVs and other 
comparative values or tests to measure adverse effects to reptiles and amphibians from chemicals 
in soil have not yet been developed from literature.  Available toxicity literature and databases 
provide some usable information; however, they are still under development, and are not yet 
comprehensive or consistent enough to allow development of reliable TRVs.  Thus, uncertainties 
associated with toxic effects of COPCs at particular concentrations on adults, juveniles, eggs, or 
the specific effects of chemical exposure on development, reproductive capacity, or survival 
remain unresolved.  In the absence of TRVs, a qualitative assessment of risk was performed for 
reptiles and amphibians using aquatic and benthic organisms and birds and mammals as 
surrogate receptor species with the rationale that, if exposure pathways produce exposures that 
are significant enough to pose risks to these surrogate receptors, then the same pathways may 
pose risks to reptiles and amphibians.   

7.12 CONCLUSIONS 

This report presents the SLERA and BRAPF of the Iron King Mine – Humboldt Smelter 
Superfund Site (U.S. Environmental Protection Agency [EPA] Identification No. 
AZ0000309013).  The conclusions of the SLERA and BRAPF are intended to provide direction 
for further risk assessment or risk management.   

7.12.1 Conceptual Site Model and Problem Formulation 

A conceptual model was developed for the Site based on review of site conditions and existing 
data.  This model identified that the Site provides terrestrial and aquatic habitats. The conceptual 
model identifies arsenic, lead and other metals associated with mining as the primary COPCs, 
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although organic chemicals associated with specific areas may also be COPCs.  Based on the 
conceptual model, assessment endpoints were selected to represent a broad range of ecological 
receptors within the Site’s ecological community.  The assessment endpoints included the 
survival, growth and reproduction of terrestrial plants, soil invertebrates, aquatic and benthic 
organisms, herbivorous mammals and birds, insectivorous mammals and birds, predatory 
mammals and birds, piscivorous birds, reptiles and amphibians.  Based on expected patterns of 
site use by wildlife and differences between potential sources of chemicals, the Site was divided 
into five exposure groupings:  West Exposure Grouping; East Exposure Grouping; Agua Fria 
River Exposure Grouping; In-Town West Exposure Grouping; and In-Town East Exposure 
Grouping. 

7.12.2 Measurement Endpoints and Data Evaluation 

Measurement endpoints were selected to provide a quantifiable means of characterizing risks.  
The measurement endpoints for plants, soil invertebrates, and aquatic and benthic organisms 
included comparison of maximum and mean EPCs to benchmarks.  The benchmarks selected are 
highly precautionary and thus provide a conservative assessment of site risks.  Additional 
endpoints were evaluated for plants utilizing data available from the habitat survey to determine 
whether plant communities in East and West Groupings are similar to those in the In-Town 
Groupings, and to identify any signs of vegetative stress.   

For higher trophic level wildlife, measurement endpoints were based on the results of food web 
models that predict the dose of chemicals ingested by wildlife.  These doses were compared to 
benchmarks and background doses.  The first measurement endpoint evaluated was a screening 
level comparison of maximum case scenario doses to no-effects benchmarks.  Additional 
measurement endpoints included comparison of mean case scenario doses to no-effects 
benchmarks, low effects benchmarks, and background doses.   

To test these measurement endpoints, both site-specific and literature-based information was 
used to develop exposure and toxicity data and assumptions for use in estimating risks.  These 
tools were used in the data evaluation to test each measurement endpoint as a line of evidence.  
Lines of evidence were combined in a qualitative weight of evidence discussion to determine the 
potential for risks. A summary of the COPCs, conclusions, and recommendations are presented 
in the following table. 

 

 Exposure Grouping 
West  East  Agua Fria  In-Town West  In-Town East  

Terrestrial Plants • Aluminum, 
antimony, 
arsenic, 
chromium, 
cobalt, copper, 
lead, manganese, 
mercury, 
selenium, 
thallium, 
vanadium and 
zinc  

• Aluminum, 
antimony, 
arsenic, 
chromium, 
cobalt, copper, 
lead, manganese, 
mercury, nickel, 
selenium, 
thallium, 
vanadium and 
zinc  

• Receptor not evaluated 
for this exposure 
grouping 

• Aluminum, arsenic, 
chromium, cobalt, 
manganese, 
selenium, vanadium 
and zinc  

• Aluminum, arsenic, 
chromium, cobalt, 
copper, lead, 
manganese, 
mercury, selenium, 
vanadium and zinc  

Terrestrial  • Arsenic, • Arsenic, • Receptor not evaluated • Chromium, • Chromium, copper, 
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Invertebrates chromium, 
copper,  
manganese, 
mercury and zinc  

chromium,  
copper, 
manganese, 
mercury, 
selenium and 
zinc  

for this exposure 
grouping 

manganese, 
mercury and zinc  

manganese, mercury 
and zinc  

Aquatic and 
Benthic 
Organisms 

• Metals and 
combinations of 
metals in 
sediment and 
surface water  

• Arsenic, copper, 
lead and zinc 
used as 
indicators of 
mining related 
impacts 

• Metals and 
combinations of 
metals in 
sediment and 
surface water  

• Arsenic, copper, 
lead and zinc 
used as 
indicators of 
mining related 
impacts 

• Metals and 
combinations of metals 
in sediment and surface 
water  

• Arsenic, copper, lead 
and zinc used as 
indicators of mining 
related impacts 

• Receptor not 
evaluated for this 
exposure grouping 

• Receptor not 
evaluated for this 
exposure grouping 

Herbivorous 
Mammals 

• Aluminum, 
arsenic and 
selenium 

• Aluminum, 
arsenic, copper 
and selenium 

• Receptor not evaluated 
for this exposure 
grouping 

• Aluminum • Aluminum 

Insectivorous 
Mammals 

• Aluminum, 
antimony, 
arsenic, 
cadmium, lead, 
selenium, 
thallium and zinc  

• Aluminum, 
antimony, 
arsenic, copper, 
selenium, 
thallium, Aroclor 
1248 and total 
PCBs  

• Receptor not evaluated 
for this exposure 
grouping 

• Arsenic and 
aluminum 

• Aluminum, arsenic, 
selenium and 
thallium 

Predatory 
Mammals 

• Aluminum and 
arsenic  

• Aluminum • Receptor not evaluated 
for this exposure 
grouping 

• Aluminum • Aluminum 

Herbivorous Birds • Arsenic, lead, 
selenium and 
zinc  

• Copper and 
selenium 

• Receptor not evaluated 
for this exposure 
grouping 

• No chemicals 
identified as COPCs  

• No chemicals 
identified as COPCs  

Insectivorous 
Birds 

• Arsenic, lead, 
zinc and 
butybenzylphthal
ate 

• Lead  • Receptor not evaluated 
for this exposure 
grouping 

• No chemicals 
identified as COPCs  

• No chemicals 
identified as COPCs  

Predatory Birds • No chemicals 
identified as 
COPCs  

• No chemicals 
identified as 
COPCs  

• Receptor not evaluated 
for this exposure 
grouping 

• No chemicals 
identified as COPCs  

• No chemicals 
identified as COPCs  

Piscivorous Birds • Arsenic, copper, 
lead, selenium 
and zinc  

• No chemicals 
identified as 
COPCs  

• No chemicals identified 
as COPCs  

• Receptor not 
evaluated for this 
exposure grouping 

• Receptor not 
evaluated for this 
exposure grouping 

Reptiles and 
amphibians 

• Metals and 
butybenzylphthal
ate 

• Metals  • Metals  • Arsenic and 
aluminum in 
terrestrial media 

• Metals in terrestrial 
media 

Overall 
Conclusion 

• Metals pose risks 
throughout Site 

• Potential impacts 
from metal 
hotspots in soil, 
holding ponds 
and outfalls 

• Metals pose risks 
throughout Site 

• Potential impacts 
from metal 
hotspots in soil 

• PCBs in soil and 
surface water 
pose a risk to 
insectivorous 
mammals 

• Metals pose risks in 
sediment and surface 
water; may be limited to 
hotspots at outfalls and 
downstream of the Agua 
Fria/Chaparral Gulch 
confluence 

• Metals pose risks 
throughout Site; 
other factors might 
apply 

• Potential impacts 
from metal hotspots 
in soil 
 

• Metals pose risks 
throughout Site; 
other factors might 
apply 

• Potential impacts 
from metal hotspots 
in soil 
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7.12.3 West Exposure Grouping 

The West Exposure Grouping comprises the entire Iron King Mine property.  This includes the 
large tailings pile, plant areas, and impoundments of the mine; the operations area, including 
buildings, mechanical rooms, mineshafts, and glory hole; and a former fertilizer plant which 
includes abandoned buildings, pads, sumps, tanks, ore bin, and waste rock.  Analytical results for 
sample locations within the West Exposure Grouping show that concentrations of metals are 
highly elevated above background concentrations in soil, sediment, and surface water.  Metals 
are present on site in relatively bioavailable forms. 

7.12.3.1 Risk Characterization Results 

Risks were assessed for terrestrial receptors exposed to soil and surface water at the Site and for 
aquatic and benthic receptors exposed to sediment and surface water.  The assessment found that 
highly elevated concentrations of metals from mine tailings pose risks to all receptor groups.  
The specific COPCs are identified for each receptor as follows: 

• Terrestrial plants

• 

 - Aluminum, antimony, arsenic, chromium, cobalt, copper, lead, 
manganese, mercury, selenium, thallium, vanadium and zinc in soil. 
Terrestrial invertebrates

• 

 - Arsenic, chromium, copper, manganese, mercury and zinc in 
soil. 
Aquatic and benthic organisms

• 

 – Combined effects from multiple metals, with arsenic, 
copper, lead, and zinc as indicators of mine tailings in sediment and surface water. 
Mammals

• 

 – Aluminum, antimony, arsenic, cadmium, lead, selenium, thallium and zinc 
in soil; the same chemicals in ingested surface water. 
Birds

• 

 - Arsenic, lead, selenium, zinc and butylbenzylphthalate in soil; arsenic, copper, 
lead, selenium and zinc in sediment; the same chemicals in ingested surface water. 
Reptiles 

 

and amphibians - Metals and butylbenzylphthalate based on exceedances for 
other organisms. 

These COPCs are based on mean case scenario exceedances of low-effects benchmarks and in 
the In-Town Groupings mean doses.  Given the high concentrations of metals, other metals may 
also cause risks in hot spots at their maximum exceedances.  Highest concentrations are 
associated with the Iron King Mine area proper, the operations area, gulches, and fertilizer plant; 
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concentrations beyond the boundary of the Site are lower.  The COPCs and receptors listed 
above should be carried into further risk assessment or risk management.   

7.12.3.2 Recommendations 

Available data are sufficient to determine that there is risk to ecological receptors; concentrations 
are highly elevated over large spatial scales and the contaminants are bioavailable. Further 
efforts should focus on an approach for risk management.  The first factor that must be 
considered is habitat quality.  Current habitat quality in the most highly contaminated areas is 
very poor due to both physical and chemical conditions; it is uncertain whether wildlife’s use of 
the Site would result in significant population level impacts.  The future land use of the Site will 
also determine whether risk management is necessary; if the Site remains developed after 
remediation, and habitat quality remains poor, the question of risks to ecology may not be 
relevant.  Also, risk management considerations should include the potential for risks to increase 
should chemicals migrate from East and West Grouping sources if these are left uncontrolled.   

Another factor that must be considered is the development of thresholds of effects.  A threshold 
of effect is a concentration in media (e.g. surface water, sediment, or soil) to which a plant or 
animal is exposed, above which some effect (or response) will be produced and below which it 
will not.  There is limited site-specific information available to develop thresholds of effects.  
Thresholds of effects could be developed using generic exposure models, or could be drawn 
from benchmarks available from guidance; alternatively, site-specific thresholds could be 
developed.  Thresholds of effect can then be used with spatial analysis to identify the areas 
requiring remediation to achieve acceptable mean EPCs.  Risk management should also consider 
how remediation approaches to address other drivers (i.e., human health) will affect risks to 
ecology. 

7.12.4 East Exposure Grouping 

The East Exposure Grouping comprises the entire Humboldt Smelter property.  This includes 
abandoned buildings, a smelter stack, a tailings pile, a smelter ash pile, and a slag pile, with areas 
where ponds, pits and lagoons were reportedly used in historic smelting operations.  Analytical 
results for sample locations within the East Exposure Grouping show that concentrations of 
metals are highly elevated above background concentrations, with high concentrations of metals 
are found scattered throughout the Site in areas of tailings, slag and ash and behind the dam on 
Chaparral Gulch. 

7.12.4.1 Risk Characterization Results 

Risks were assessed for terrestrial receptors exposed to soil and surface water at the Site and for 
aquatic receptors exposed to sediment and surface water.  The assessment found that highly 
elevated concentrations of metals from mine tailings pose risks to all receptor groups.  The 
specific COPCs are identified for each receptor as follows: 

• Terrestrial plants

• 

 - Aluminum, antimony, arsenic, chromium, cobalt, copper, lead, 
manganese, mercury, nickel, selenium, thallium, vanadium, zinc in soil. 
Terrestrial invertebrates - Arsenic, chromium, copper, manganese, mercury, selenium 
and zinc in soil. 
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• Aquatic and benthic organisms

• 

 – Combined effects from multiple metals, with arsenic, 
copper, lead, and zinc as indicators of mine tailings in sediment and surface water. 
Mammals

• 

 - Aluminum, antimony, arsenic, copper, selenium, thallium and PCBs in soil; 
the same chemicals in ingested surface water;  
Birds

• 

 - Copper, lead and selenium in soil; the same chemicals in ingested surface water; 
no chemicals retained as COPCs in sediment. 
Reptiles 

 
and amphibians – Metals, based on exceedances for other organisms. 

These COPCs are based on mean case scenario exceedances of low-effects benchmarks and in 
the In-Town Groupings mean doses.  Given the high concentrations of metals, other metals may 
also cause risks in hot spots at their maximum exceedances.  Highest concentrations are 
associated with the tailings behind the dam on Chaparral Gulch and scattered hot spots among 
the tailings, ash, and slag.  The COPCs and receptors listed above should be carried into further 
risk assessment or risk management.  It is recommended that available data are sufficient to 
identify risk to ecological receptors.  Further efforts should focus on delineation of thresholds of 
effects and an approach for risk management.    

7.12.4.2 Recommendations 

Available data are sufficient to determine that there is risk to ecological receptors; concentrations 
are highly elevated over large spatial scales and are bioavailable.    Further efforts should focus 
on an approach for risk management.  As discussed above for the West Exposure Grouping, 
habitat quality and thresholds of effects should be considered for the East exposure Grouping.  
Also, risk management considerations should include the potential for risks to increase should 
chemicals migrate from East and West Grouping sources if these are left uncontrolled.  
Thresholds of effect can then be used with spatial analysis to identify the areas requiring 
remediation to achieve acceptable mean EPCs. 

7.12.5 Agua Fria River Exposure Grouping 

The Agua Fria River Exposure Grouping comprises the entire sampled length of the Agua Fria 
River associated with the Site, as well as eight samples from outfalls located immediately 
adjacent to the river.  Analytical results for sample locations within the Agua Fria River 
Exposure Grouping show that concentrations of metals are highly elevated above background 
concentrations in the outfall areas.  Concentrations in the Agua Fria River are much lower.  
Concentrations of arsenic upstream of the confluence with Chaparral Gulch are below 31 mg/kg, 
while concentrations downstream of the confluence are as high as 206 mg/kg. 

7.12.5.1 Risk Characterization Results 

Risks were assessed for terrestrial for aquatic receptors exposed to sediment and surface water.  
The assessment found that highly elevated concentrations of metals from mine tailings pose risks 
to all receptor groups evaluated.  The specific COPCs are identified for each receptor as follows: 

• Aquatic and benthic organisms

• 

 – Combined effects from multiple metals, with arsenic, 
copper, lead, and zinc as indicators of mine tailings in sediment and surface water. 
Birds - No chemicals retained as COPCs in sediment or surface water. 
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• Reptiles 
 

and amphibians – Metals, based on exceedances for other organisms. 

Given the high concentrations of metals, other metals may also cause risks in hot spots.  Highest 
concentrations are associated with the outfall areas and sediments downstream of the confluence 
with Chaparral Gulch.  The COPCs and receptors listed above should be carried into further risk 
assessment or risk management.   

7.12.5.2 Recommendations 

Benchmark exceedances indicate the potential for risks within the Agua Fria Exposure Grouping; 
however, benchmarks are based on precautionary data from the scientific literature, and habitat 
in the Agua Fria River appears relatively healthy.  The COPCs and receptors listed above should 
be carried into further risk assessment or risk management.  Although the potential for risk could 
increase should chemicals continue to migrate from upstream uncontrolled sources, the potential 
for risk should decrease if upstream sources are controlled and elevated metal concentrations in 
sediment dissipate to near background concentrations over time.  Risk management decisions 
within the Agua Fria itself should weigh the potential for ecological risk with the intrusiveness of 
remedial alternatives that may lead to a reduction of the habitat quality.  

7.12.6 In-Town West Exposure Grouping 

The In-Town West Exposure Grouping comprises four commercial or residential parcels north of 
the Iron King Mine area and north of Chaparral Gulch.  Soil from these areas was sampled to 
determine whether metals in dust from East and West Groupings had been deposited on the Site.  
These areas are developed and are likely to provide relatively poor habitat due to non-chemical 
related stressors.  Analytical results show that concentrations of metals are slightly elevated 
above background concentrations, as indicated by maximum arsenic concentrations of 151 
mg/kg. 

7.12.6.1 Risk Characterization Results 

Risks were assessed for terrestrial receptors exposed to soil and surface water at the Site.  The 
assessment found that concentrations of metals were somewhat elevated and may pose risks to 
several receptor groups; however, it also identified that the areas evaluated are developed and 
therefore poor habitat, and that concentrations of several metals are similar to background 
values.  The specific COPCs are identified for each receptor as follows: 

• Terrestrial plants

• 

 - Aluminum, arsenic, chromium, cobalt, manganese, selenium, 
vanadium, and zinc in soil. 
Terrestrial invertebrates

• 

 - Chromium, manganese, mercury and zinc in soil. 
Mammals

• 

 – Aluminum and arsenic in soil; the same chemical in ingested surface water. 
Birds

• 

 - No chemicals retained as COPCs. 
Reptiles

 
 – Arsenic and aluminum, based on exceedances for other organisms. 

High maxima of other metals may also cause risks in hot spots.  The COPCs and receptors listed 
above should be carried into further risk assessment or risk management.   
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7.12.6.2 Recommendations 

Further risk assessment or risk management considerations should include the fact that these 
areas provide poor habitat due to development, and that concentrations of some metals are 
similar to background concentrations.  Further efforts should focus on developing thresholds of 
effects and evaluating habitat quality for use in the evaluation of remedial alternatives for the In-
Town East and In-Town West Groupings.   

7.12.7 In-Town East Exposure Grouping 

The In-Town East Exposure Grouping comprises commercial or residential parcels north, east, 
and west of the Humboldt Smelter.  Soil from these areas was sampled to determine whether 
metals were transported from the Iron King Mine or Humboldt Smelter AOI to individual 
parcels.  These areas are developed and are likely to provide relatively poor habitat due to non-
chemical related stressors related to development and site use.  Analytical results show that 
concentrations of metals are elevated above background concentrations, as indicated by 
maximum arsenic concentrations of 677 mg/kg. 

7.12.7.1 Risk Characterization Results 

Risks were assessed for terrestrial receptors exposed to soil and surface water at the Site.  The 
assessment found that concentrations of metals were somewhat elevated and may pose risks to 
several receptor groups; however, it also identified that the areas evaluated are developed and 
therefore poor habitat and that concentrations of several metals are similar to background values.  
The specific COPCs are identified for each receptor as follows: 

• Terrestrial plants

• 

 - Aluminum, antimony, arsenic, chromium, cobalt, copper, lead, 
manganese, mercury, selenium, thallium, vanadium and zinc in soil. 
Terrestrial invertebrates

• 

 - Chromium, copper, manganese, mercury and zinc in soil. 
Mammals

• 

 – Aluminum, arsenic, selenium and thallium in soil; the same chemicals in 
ingested surface water. 
Birds

• 

 – No chemicals retained as COPCs. 
Reptiles

 
 – Metals, based on exceedances for other organisms. 

High maxima of other metals may also cause risks in hot spots.  The COPCs and receptors listed 
above should be carried into further risk assessment or risk management.   

7.12.7.2 Recommendations 

Further risk assessment or risk management considerations should include the fact that these 
areas provide poor habitat due to development, and that concentrations of some metals are 
similar to background concentrations.  Further efforts should focus on developing thresholds of 
effects and evaluating habitat quality for use in the evaluation of remedial alternatives. 

7.12.8 Uncertainties 

A number of uncertainties are inherent in the assessment of risks and should be considered in 
interpretation of results.  One of the greatest uncertainties inherent to the risk assessment is the 



  EA Project No. 14342.34 
  Page 321 of 344 
  Revision:  01 
EA Engineering, Science, and Technology, Inc.  March 2010 
 

Iron King Mine-Humboldt Smelter Superfund Site  Remedial Investigation Report 

assumption that effects on individuals, as indicated by benchmark exceedances, are indicative of 
population-level effects.  Also, assumptions made in the screening level risk assessment are 
highly precautionary and may over-estimate risk, while assumptions made throughout the 
assessment require generalizations that may result in over- or under-estimate risks.  One of the 
greatest uncertainties associated with the risk assessment is the lack of data from the scientific 
literature regarding toxicity of metals to reptiles and amphibians.   

7.12.9 Risk Assessment Conclusions 

The screening level ecological risk assessment and baseline problem formulation conclude the 
COPCs identified require additional consideration either through risk management or further 
assessment.  For the East and West Grouping, effects are evident and risk assessment should 
proceed directly to development of thresholds of effects that can be used to guide risk 
management.  For the In-Town Groupings, the assessment also identified that the areas evaluated 
provide poor habitat due to development and that concentrations of several metals are similar to 
background values; further efforts should focus on developing thresholds of effects and 
evaluating habitat quality for use in the evaluation of remedial alternatives for the In-Town East 
and In-Town West Groupings.  For the Agua Fria River, additional consideration either through 
further risk assessment or risk management evaluation is warranted to determine whether 
benchmark exceedances are truly indicative of ecological effects, of whether habitats are of 
sufficient value to warrant an evaluation in developed areas, and to determine thresholds of 
effects for use in risk management. 

8. RESULTS AND CONCLUSIONS 

The purpose of the RI Report was to:  (1) summarize Site information and data; (2) identify 
potential source areas; (3) define the nature and extent of contamination; (4) evaluate 
contaminant migration pathways; and (5) present a summary of human health and ecological 
risks.  These elements also form the CSM, which is summarized below.  In addition, the HHRA 
and ERA conclusions are presented along data gaps, where additional characterization is 
recommended. 

8.1 CONCEPTUAL SITE MODEL  

The CSM presents a holistic view of the Site to provide a foundation for the remedial alternative 
evaluation and to support remedy selection.  It incorporates the Site’s surface features, potential 
source areas, nature and extent of contamination, contaminant migration pathways, and ancillary 
information as appropriate (see Table 8-1 and Figure 8-1).  

The CSM for the Iron King Mine – Humboldt Smelter Superfund Site is centered around source 
media (e.g., tailings, ash, etc.) that migrates to other areas mainly via air particulate migration, 
surface water transport, and leaching to ground water.  Arsenic and lead have been detected in 
soils/sediments at concentrations in excess of their respective screening levels.  At the Iron King 
Mine and Humboldt Smelter AOIs, this is primarily the result of original deposition of source 
materials (i.e., principal or low-level threat wastes) in the form of tailings, ash, etc.  In the 
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Waterway AOI, impacts are largely the result of surface water transport.  In the Off-site Soil 
AOI, impacts are mainly attributed to windborne deposition of fine-grained materials.  Although 
arsenic and lead concentrations in some areas are elevated, source attribution in some areas is 
complicated by elevated background concentrations of these metals. 

Surface water and ground water have been impacted as a result of standard geochemical 
processes that occur when natural waters come in contact with materials with a high leaching 
potential.  This geochemical reaction, known as AMD generation, results in a localized decrease 
in the pH of water as well as the release of metals (e.g., arsenic, lead, etc.), and anions (e.g., 
sulfate, chloride, etc.), as well as an increase in the TDS.  As the pH of the water becomes more 
neutral, the metals become less mobile, while the sulfate and TDS concentrations remain high. 

Ambient air in the vicinity of the Iron King Mine and Humboldt Smelter Areas of Interest have 
higher concentrations of arsenic and/or lead than the background station or Humboldt In-Town 
station near the Humboldt Elementary School; these elevated concentrations demonstrate that the 
Iron King Mine and Humboldt Smelter Areas of Interest are sources of contamination for 
downwind (e.g., residential) properties.  Although the limit of particulate migration is subject to 
uncertainty, arsenic and lead in residential yard surface soil near the Iron King Mine and 
Humboldt Smelter Areas of Interest are higher than further downwind (e.g., near the Humboldt 
Elementary School).  This is consistent with the information obtained from the Humboldt In-
town air sampling station near the Humboldt Elementary School, which had concentrations of 
arsenic and lead similar to background.  These lines of evidence demonstrate that although 
arsenic and/or lead particulate migration from the Iron King Mine and Humboldt Smelter Areas 
of Interest is occurring, the extent of air particulate migration is a few to several blocks from the 
source areas.  Although National Ambient Air Quality Standards for lead and PM-10 were 
exceeded at the Humboldt Smelter, it should be noted that none of the maximum concentrations 
in the air samples exceeded the Health-Based Guidelines for Acute (i.e., Shorterm) Exposure. 

Ground water has been impacted by arsenic, lead, sulfate, chloride, and TDS.  Because of their 
low mobility, impacts from both arsenic and lead are localized.  However, ground water 
downgradient of the Iron King Mine is impacted from sulfate-dominated TDS as a result of 
contact with tailings or from a natural geologic feature that is high in sulfate.  Although both 
mechanisms are likely occurring at various degrees throughout the Iron King Mine AOI, there is 
little doubt that the sulfate in ground water is at least exacerbated if not wholly attributable to 
historic mining processes (i.e., contact with mine adit material or tailings material).  Also, 
ground water in the vicinity of the Humboldt Smelter is impacted from chloride-dominated TDS 
from a natural geologic feature or as a result of smelting operations at the Humboldt Smelter.  
There are a few wells within the Iron King Mine and Humboldt Smelter AOIs that are impacted 
by arsenic from their proximity to ore deposits or residual mine material.  However, elevated 
arsenic concentrations found in wells within the Town of Dewey-Humboldt and surrounding area 
are due to contact with natural geologic formations.  The variability and magnitude of arsenic 
concentrations in the vicinity of the Site are similar to those throughout Arizona. 

8.2 RISK ASSESSMENT CONCLUSIONS  

The conclusions derived from the human health and ecological risk assessments are presented 
below. 
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8.2.1 Human Health Risk Assessment 

The HHRA evaluated the Site for potential cancer risks and noncancer hazards from soil, 
sediment, surface water, ground water, and ambient air.   

Most of exposure areas within the Iron King Mine, Humboldt Smelter, and Waterway AOIs have 
cancer risks greater than 1E-04 (1 in 10,000) or noncancer hazards greater than 1 for all four 
categories of receptors (i.e., commercial/industrial worker, construction worker, adult/child 
recreational/trespasser, and adult/child resident).  Information from the EPA’s reuse assessment 
was incorporated into the HHRA to present the cancer risk and noncancer hazards for the most 
likely exposure scenario for each area.  The areas where soil/sediment have a cancer risk greater 
than 1E-04 (1 in 10,000), a noncancer hazard greater than 10, or a lead PRG 99th percentile 
exceedance are the areas that warrant an evaluation of remedial alternatives (see Figure 8-2).  It 
should be noted that Background Soil Type 1 has a cancer risk of 1E-04 (1 in 10,000) and a 
noncancer hazard of 5, which demonstrates the importance of background to the overall 
discussion of risk estimates.  Because Background Soil Type 1 (i.e., BgD) is interpreted as being 
the dominant soil type at the Iron King Mine, Humboldt Smelter, and Off-site Soil Areas of 
Interest, additional samples will be collected from this soil type to ensure this soil type has been 
fully characterized.  In addition, the surface water associated with these exposure areas has 
cumulative risks greater than 1E-04 (1 in 10,000) due to elevated concentrations of arsenic.  
Because surface water concentrations are highly dependent on the underlying substrate, the 
cleanup alternatives for impacted surface water should consider both soil/sediment and 
associated surface water.  

The HHRA evaluated data from 65 parcels in the Off-site Soil AOI for adult/child residential 
exposure to soil.  The 65 parcels included 17 residential parcels that were sampled in 2005 as 
part of the EPA Removal Assessment, 45 residential parcels that were sampled in 2008 and 
2009, and the Humboldt Elementary School playground (3 parcels). Of the 65 parcels:  

• 23 have a cancer risk greater than 1E-04 (1 in 10,000) or noncancer hazards greater than 
10 

• 36 have an exceedance of the lead PRG 99th percentile.   

After analysis and review of the results, EPA determined that many residential yards have levels 
of arsenic and lead that could increase the potential for health effects over the long-term.  These 
areas warrant an evaluation of remedial alternatives (see Figure 8-3).  It should be noted that the 
Humboldt Elementary School playground in the Town of Dewey-Humboldt does not warrant 
further evaluation based on a toxicological review of the data. Furthermore, the levels of COPCs 
in the Humboldt Elementary School playground are similar to background concentrations of 
these chemicals. It should also be noted that many of the residential parcels have cancer risks or 
noncancer hazards similar to Background Soil Type 1, which has a cancer risk of 1E-04 (1 in 
10,000) and a noncancer hazard of 5.  Therefore, the evaluation of remedial alternatives for off-
site areas should consider the contribution of background risks to the discussion of overall risk 
estimates. 

Most of the ground water locations have cumulative risks greater than 1E-04 (1 in 10,000) due to 
elevated concentrations of naturally-occurring arsenic in ground water.  The remaining locations 
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have risks between 1E-04 (1 in 10,000) to 1E-06 (1 in 1,000,000).  In addition, many of the 
locations have arsenic exceedances of the EPA MCL. MCLs are enforceable drinking water 
standards that apply to public water systems (i.e. systems that serve 15 locations or 25 people 
more than 6 months out of the year).  

Wells within the Iron King Mine and Humboldt Smelter AOIs are impacted by arsenic from their 
proximity to ore deposits or residual mine material. These locations warrant an evaluation of 
remedial alternatives.  However, elevated arsenic concentrations found in private and municipal 
wells within the Town of Dewey-Humboldt and surrounding area are a result of contact with 
natural geologic formations and are not indicative of impacts from historic mining and smelting 
operations.  The variability and magnitude of arsenic concentrations in the vicinity of the Site are 
similar to those throughout Arizona.   

Ground water downgradient of the Iron King Mine is impacted from sulfate-dominated TDS as a 
result of contact with tailings or from a natural geologic feature that is high in sulfate; these 
elevated concentrations of sulfate may cause harmful effects (e.g. dehydration). Wells impacted 
by sulfate-dominated TDS warrant an evaluation of remedial alternatives.  The ground water in 
the vicinity of the Humboldt Smelter is impacted from chloride-dominated TDS from a natural 
geologic feature or as a result of smelting operations at the Humboldt Smelter; these elevated 
concentrations of chloride are unlikely to cause harmful effects but should be further evaluated to 
identify the source of chloride. 

8.2.2 Ecological Risk Assessment 

The screening level ecological risk assessment and baseline problem formulation concluded that 
the COPCs identified for the exposure groupings require additional consideration either through 
risk management or further assessment.   

The East Grouping encompasses the Humboldt Smelter AOI, the Chaparral Gulch to the east of 
Highway 69, and the Agua Fria River.  The West Grouping encompasses the Iron King Mine 
AOI.  The assessment found that highly elevated concentrations of metals pose risks to all 
receptor groups (i.e., terrestrial plants, terrestrial invertebrates, aquatic and benthic organisms, 
mammals, birds, and reptiles and amphibians).  Therefore, thresholds of effects should be 
developed for the evaluation of remedial alternatives for the East and West Groupings. 

Benchmark exceedances indicate the potential for risks within the Agua Fria Exposure Grouping; 
however, benchmarks are based on precautionary data from the scientific literature, and habitat 
in the Agua Fria River appears relatively healthy.  Nevertheless, thresholds of effects should be 
developed for the evaluation of remedial alternatives for risks to aquatic and benthic organisms, 
birds, and reptiles and amphibians.  Although the potential for risk could increase should 
chemicals continue to migrate from upstream uncontrolled sources, the potential for risk should 
decrease if upstream sources are controlled and elevated metal concentrations in sediment 
dissipate to near background concentrations over time.  Risk management decisions within the 
Agua Fria itself should weigh the potential for ecological risk with the intrusiveness of remedial 
actions that may lead to a reduction of the habitat quality. 
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The In-Town East Exposure Grouping comprises commercial or residential parcels north, east, 
and west of the Humboldt Smelter.  The In-Town West Exposure Grouping comprises four 
commercial or residential parcels north of the Iron King Mine area and north of Chaparral Gulch.  
The assessment found that concentrations of metals were somewhat elevated and may pose risks 
to several receptor groups (i.e., terrestrial plants, terrestrial invertebrates, mammals, and reptiles).  
However, the assessment also identified that the areas evaluated provide poor habitat due to 
development and that concentrations of several metals are similar to background values.   Further 
efforts should focus on developing thresholds of effects and evaluating habitat quality for use in 
the evaluation of remedial alternatives for the In-Town East and In-Town West Groupings.  

8.3 DATA GAPS AND RECOMMENDATIONS 

Data gaps and recommendations for further characterization were identified based on the results 
of the RI.  These recommendations will facilitate a better understanding of the Site and can be 
conducted during subsequent phases of the RI and during the Feasibility Study.  

• The western dam within the Iron King Mine Main Tailings Pile has already exhibited 
failure and its stability should be considered in the evaluation of remedial alternatives.  
Therefore, an engineering evaluation of the Iron King Mine Main Tailings Pile should be 
conducted to evaluate the long-term stability of the dam.  
 

• Large portions of the Humboldt Smelter Slag Pile have cleaved off into the Agua Fria 
River.  In addition, cracks and fractures are apparent on the upper surface.  Therefore, an 
engineering evaluation of the Humboldt Smelter Slag Pile should be conducted to 
evaluate the long-term stability of this material.  

 
• EPA has sampled approximately 65 parcels in the Town of Dewey-Humboldt during the 

RI.  Parcels with elevated arsenic and lead concentrations were located in close proximity 
to the Iron King Mine and Humboldt Smelter AOIs, or the Middle Chaparral Gulch.  
Based on existing data, yards further away from the Iron King Mine and Humboldt 
Smelter Areas of Interest are much less likely to be impacted from particulate migration 
or surface water transport.  Conversely, yards closer to the Iron King Mine or Humboldt 
Smelter Areas of Interest have a higher probability of being impacted.  The full extent of 
residential impacts has not been determined as many parcels have not yet been sampled.  
Additional parcels near the Chaparral Gulch or downwind of the Iron King Mine or 
Humboldt Smelter AOIs may be impacted by air particulate migration or surface water 
transport.  Therefore, additional soil sampling of parcels in the vicinity of these areas will 
assist EPA in fully evaluating the impacts to residential and public areas.  Results from 
the comprehensive sampling will be used to plan a residential yard cleanup effort.  EPA 
will sample additional residential yards in the area outlined in Figure 8-3.  If you live 
within this area and EPA has not sampled your yard, please contact EPA.  EPA will 
conduct residential yard sampling at no cost to the resident.  
 

• The range of arsenic and lead concentrations in soil demonstrates that there is a great 
variability in concentrations in the native material of this area.  Because background 
contributions are important to the overall discussion of risk estimates and risk 
management for the Site, additional background soil characterization is necessary to 
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evaluate the impacts from the Site.  The Background Soil Type 1 (i.e., BgD) is 
interpreted as being the dominant soil type at the Iron King Mine, Humboldt Smelter, and 
Off-site Soil Areas of Interest.  Therefore, additional samples should be collected from 
this soil type (see Figure 5-52).    
 

• Ground water downgradient of the Iron King Mine is impacted from sulfate-dominated 
TDS as a result of contact with tailings or from a natural geologic feature that is high in 
sulfate (see Figure 8-1).  The ground water in the vicinity of the Humboldt Smelter is 
impacted from chloride-dominated TDS from a natural geologic feature or as a result of 
smelting operations at the Humboldt Smelter.  The areas of impacted ground water are 
not well-defined.  Therefore, a well inventory should be conducted to identify wells with 
the area of potential impact.  Ground water samples should be collected from these wells 
and analyzed for general chemistry parameters.  This information will assist in 
determining the extent of the sulfate and chloride impacts.  Additional information about 
the alluvial and bedrock aquifer characteristics should be gathered from well 
development records.  
 

• The maximum lead concentration in soil of 18,100 mg/kg in Off-site Soil Area 120 is 
considered an outlier that is likely associated with lead-based paint residue.  However, 
additional characterization of this parcel may be warranted to determine the source of 
lead. 
 

• The lead concentration in ground water at location GW-999953 was 49.8 µg/L, which is 
likely due to lead pipes.  Nevertheless, this location requires further consideration.     

8.4 ADDITIONAL CONSIDERATIONS 

Additional considerations were identified for local residents, community members, landowners, 
or PRPs.  

• Many private wells in the vicinity of the Site have arsenic concentrations above the EPA 
Maximum Contaminant Level of 10 µg/L.  Although these wells are not considered 
impacted by the Site, drinking water with arsenic concentrations above the drinking water 
standard may present a health risk to consumers.  Therefore, residents drinking from 
private wells should have their wells tested and take precautionary measures (e.g., 
filtering water), as appropriate.  Additional information on drinking water from 
household wells can be found in Appendix I and at the following website:  
 

http://www.epa.gov/privatewells/pdfs/household_wells.pdf 
 

• Air monitoring was conducted to characterize the nature and extent of contamination and 
to evaluate human health and ecological risk.  Air monitoring demonstrated that 
particulates containing COPCs from the Iron King Mine and Humboldt Smelter AOIs 
migrate to the residential areas during high wind events.  Therefore, it would be prudent 
for landowners or PRPs to conduct dust suppression activities (e.g., wetting tailings or 
ash) prior to high wind events to control particulate migration from source areas.    
  

http://www.epa.gov/privatewells/pdfs/household_wells.pdf�
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• A Cultural Resource and Historic Building Survey conducted in November 2008 in 
compliance with Section 106 of the National Historic Preservation Act.  This evaluation 
concluded that the Iron King Mine and the Humboldt Smelter are eligible for inclusion in 
the National Register of Historic Places under Criterion D.  Criterion D is for resources 
that have yielded information important in prehistory or history.  Both properties yielded 
important information regarding the history of the Big Bug Mining District.  Community 
members may consider forming a workgroup to evaluate options for the long-term 
management or use for buildings/structures that may have historic value (e.g., smelter), 
but will not be subject to preservation activities by the EPA.   
 

Sampling results indicate the presence of elevated levels of arsenic and lead at the Iron King 
Mine, Humboldt Smelter, and Chaparral Gulch that could present health risks if a person is 
exposed to these metals over a long period of time.  Arsenic can enter the body through 
breathing and/or ingesting contaminated soil.  Therefore, EPA recommends that residents 
limit or avoid contact with soils and any water in these areas and obey EPA caution signs.  
Chaparral Gulch is easily accessible to the public as no fences or gates prohibit access.  
However, EPA advises residents, especially young children, to stay out of this area. 

9. COMMUNITY INVOLVEMENT DURING THE REMEDIAL INVESTIGATION 

The purpose of the RI is to determine the nature and extent of contamination and to gather 
sufficient information so that EPA, in consultation with ADEQ, can select a cleanup plan that 
eliminates, reduces, or controls risks to human health and the environment.  Throughout the RI, 
EPA invited the public to learn about the cleanup process and to contribute local knowledge 
about the Site to EPA.  

The EPA recognizes that the public has a right to be involved in the federal government’s 
decisions-making process.  EPA’s experience has been that when the public is involved in EPA’s 
work, the cleanup process results in a better outcome and a more robust remedy.  This section 
explains how EPA has worked with the Dewey-Humboldt community to enhance the 
completeness and effectiveness of the investigation.  

9.1 COMMUNITY INVOLVEMENT PRIOR TO THE RI 

Before EPA was formally involved in the Site, ADEQ had a long history of data collection and 
interaction with property owners, the Dewey-Humboldt community, and various representatives 
from local, state, and federal government.  During 2006 and 2007, EPA attended a handful of 
work sessions and Council meetings with the Dewey-Humboldt Town Council.  During these 
meetings, EPA described the Superfund process and discussed current Site information that 
might justify adding it to the National Priorities List (NPL or Superfund list).   

Whenever EPA proposes to add a site to the NPL, EPA requests formal agreement from the 
Governor, who is the community’s elected State representative.  Once EPA received Governor 
Janet Napolitano’s support for Superfund listing, a formal 60-day public comment period was 
held from 19 March through 19 May 2008, to allow the general public to weigh-in on the 
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proposed listing.  After the public input was considered, EPA proceeded to place the Site on the 
NPL on 3 September 2008. 

In August 2008, EPA and ADEQ presented information at a Town Council Meeting and at a 
community kick-off meeting to announce the start of the RI and explain the cleanup process that 
EPA and ADEQ would follow over the coming years.  To provide the public with access to site 
cleanup documents, EPA established an Information Repository at the Dewey-Humboldt Town 
Library and created a web site, which can be accessed at:  

http://www.epa.gov/region09/ironkingmine. 

 
9.2 COMMUNITY INVOLVEMENT DURING THE RI 

Community involvement is an integral part of the Superfund cleanup process.  The goals of the 
community involvement program are to:  (1) provide opportunities for the public to become 
actively involved in the Site, (2) meet the community’s information needs, (3) incorporate issues 
and concerns into the cleanup process, and (4) give feedback to the community on how their 
issues and concerns were incorporated into the decision-making process.  EPA organizes its 
public participation activities through a Community Involvement Plan (CIP), which is informed 
by information collected during a series of community interviews.  The CIP can be viewed at 
EPA’s website and a hardcopy is located at the Dewey-Humboldt Library.  

EPA conducted community interviews between September and October 2008 with a number of 
stakeholders including local residents, PRPs, property owners, activists, and representatives from 
local, state, and federal agencies.  The community interviews provided an opportunity for EPA to 
learn about the community’s:  

• Experience with EPA, ADEQ, and other public agencies  
• Basic knowledge about the Site 
• Issues and concerns about the Site 
• Knowledge of EPA’s cleanup process  
• Interest in community involvement.  

EPA’s CI efforts increased the information received from stakeholders, resulting in 
improvements to the RI.  The interviews expanded EPA’s knowledge of past operational 
activities and resulted in additional sampling:   

• EPA sampled several residential yards and potential migration pathways based on 
historic information from community members.   
 

• EPA established air monitoring stations based on information from community members 
regarding prevailing wind direction, direction of wind gusts, and frequency and timing of 
high wind events.   
 

• EPA sampled over two dozen ground water wells at the request of community members.   
 

http://www.epa.gov/region09/ironkingmine�
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• EPA installed and repaired fencing to reduce access to the Site based on reports from 
community members that trespassers were entering the Site and spending time in 
contaminated areas.   

During the RI, community members requested that EPA consider the historic value of old mining 
buildings and the smelter stack when developing cleanup options.  Therefore, EPA conducted a 
historical building and cultural resource survey, gathered information during a presentation to the 
Dewey-Humboldt Historical Society, conversed with people interested in the historic 
characteristics of the Site, and developed an ongoing dialogue with the State Historic 
Preservation Office to ensure that all potential options for historic preservation were considered.  

Community members and property owners indicated that future land uses should include the 
possibility of renewable energy uses. Therefore, EPA conducted a reuse assessment that 
evaluated renewable energy possibilities and highlighted technologies that are viable for the 
reuse of the Site.  

The EPA’s CI efforts increased information flow to stakeholders, improving the chances of 
learning more about issues and concerns that might feed into the RI.  Community members 
voiced concerns about contamination levels in Chaparral Gulch and the general lack of 
awareness in the community of the potential problems.  As a result of these concerns, EPA 
conducted door-to-door outreach, posted flyers, and sent factsheets to students at the Humboldt 
Elementary School to increase awareness about contamination in the Chaparral Gulch.  Because 
of the community interviews, EPA also began using the Dewey-Humboldt Town Newsletter to 
share information and began disseminating information through the Humboldt Elementary 
School (including the Air Sampling factsheet). 

During 2009, EPA performed a number of activities, including mailing a factsheet about the air 
sampling program (January 2009) and conducting door-to-door outreach to educate residents 
about the elevated levels of arsenic and lead in the Chaparral Gulch corridor (May 2009).  On 11 
February 2009, EPA presented information about the cultural and historical significance of 
remaining mine and smelter structures to the Dewey-Humboldt Historical Society.  EPA 
participated in two Town Council Meetings on 5 May and 21 July 2009.  In October 2009, EPA 
sent out a general site update factsheet and shared a booth with ADEQ at the Agua Fria Festival 
to provide site information and answer questions.  

In 2010, EPA and ADEQ presented information to the Town Council at the 9 February 2010 
Open Session.  EPA also made a general site presentation to the Prescott Geology Club on 10 
February 2010.  

9.3 COMMUNITY INVOLVEMENT AFTER THE RI 

EPA is planning numerous community involvement activities for 2010.  Some of these activities 
include:  

• Mailing a factsheet and holding a community meeting to communicate the results of the 
Remedial Investigation  
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• Collecting access agreements from property owners for additional residential yard 
sampling  

• Conducting outreach to private well owners living near the Site 

• Mailing a factsheet and holding a community meeting to present the results of the Reuse 
Assessment 

• Soliciting input from stakeholders about structures of cultural and/or historical 
significance.  

• Providing periodic updates to the Dewey-Humboldt Town Council and Dewey-Humboldt 
newsletter.  

 
• Mailing a factsheet and holding a public meeting to discuss the Feasibility Study and 

potential remedial alternatives for the Site. 
 

Appendix I contains a variety of documents and outreach materials geared towards community 
members who would like more information about specific Site issues.  Appendix I includes 
information about drinking water from household wells, water treatment options, basic 
information about arsenic, gardening in arsenic-contaminated soils, and ways to protect your 
health.  A list of the documents included in Appendix I can be found in the Table of Contents. 
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Table 2-1
EPA RI Field Investigation Data Summary

Area of Investigation Group Code Sample Group
Surface Soil
or Sediment

Subsurface
Soil Deep Soil

Surface Water
- Dissolved

Surface Water
- Total

Ground
Water -

Dissolved
Ground

Water - Total Ambient Air
Ground Water GW Ground Water 66 67

Humboldt Smelter HS Humboldt Smelter 98

Humboldt Smelter HSASH Humboldt Smelter Ash Pile 37 15 1
Humboldt Smelter HSOA Humboldt Smelter Operations Area 47 7
Humboldt Smelter HSOM Humboldt Smelter Off-site Migration 14
Humboldt Smelter HSSLAG Humboldt Smelter Slag 11 2
Humboldt Smelter HSTP Humboldt Smelter Tailings Pile 12 4
Humboldt Smelter IP-HS Impoundment-Pond - Humboldt Smelter 5

Iron King Mine IKM Iron King Mine 111

Iron King Mine IKMFFP Iron King Mine Former Fertilizer Plant 8 4
Iron King Mine IKMGH Iron King Mine Glory Hole 9 3 6
Iron King Mine IKMMP Iron King Mine Mine Plant 9 6
Iron King Mine IKMMT Iron King Mine Main Tailings Pile 22 8 3
Iron King Mine IKMOA Iron King Mine Operations Area 21 9 12
Iron King Mine IKMOAM Iron King Mine Operations Area - Miscellaneous 24 5 1
Iron King Mine IKMST Iron King Mine Small Tailings Pile 19 7 1 1
Iron King Mine IKMSY Iron King Mine Salvage Yard 5
Iron King Mine IP-IKMMP Impoundment-Pond - Iron King Mine Mine Plant 9 3 3
Iron King Mine IP-IKMMT Impoundment-Pond - Iron King Mine Main Tailings Pile 9 6 7

Off-site Soil B1 Background Soil Type 1 10
Off-site Soil B2 Background Soil Type 2 10
Off-site Soil B3 Background Soil Type 3 18
Off-site Soil BG Background Sample 4 (1) 79
Off-site Soil HIT Humboldt - In Town 106

Off-site Soil OFS-101 Off-site Soil Area 101 16
Off-site Soil OFS-102 Off-site Soil Area 102 10
Off-site Soil OFS-103 Off-site Soil Area 103 10
Off-site Soil OFS-104 Off-site Soil Area 104 10
Off-site Soil OFS-105 Off-site Soil Area 105 10
Off-site Soil OFS-106 Off-site Soil Area 106 10
Off-site Soil OFS-107 Off-site Soil Area 107 10
Off-site Soil OFS-108 Off-site Soil Area 108 10
Off-site Soil OFS-109 Off-site Soil Area 109 10
Off-site Soil OFS-110 Off-site Soil Area 110 10
Off-site Soil OFS-111 Off-site Soil Area 111 10
Off-site Soil OFS-112 Off-site Soil Area 112 10
Off-site Soil OFS-113 Off-site Soil Area 113 10
Off-site Soil OFS-114 Off-site Soil Area 114 10
Off-site Soil OFS-115 Off-site Soil Area 115 10
Off-site Soil OFS-116 Off-site Soil Area 116 10
Off-site Soil OFS-117 Off-site Soil Area 117 10
Off-site Soil OFS-118 Off-site Soil Area 118 10
Off-site Soil OFS-119 Off-site Soil Area 119 10
Off-site Soil OFS-120 Off-site Soil Area 120 10
Off-site Soil OFS-121 Off-site Soil Area 121 10
Off-site Soil OFS-122 Off-site Soil Area 122 10
Off-site Soil OFS-123 Off-site Soil Area 123 10
Off-site Soil OFS-124 Off-site Soil Area 124 10
Off-site Soil OFS-125 Off-site Soil Area 125 10
Off-site Soil OFS-126 Off-site Soil Area 126 10
Off-site Soil OFS-127 Off-site Soil Area 127 10
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Table 2-1
EPA RI Field Investigation Data Summary

Area of Investigation Group Code Sample Group
Surface Soil
or Sediment

Subsurface
Soil Deep Soil

Surface Water
- Dissolved

Surface Water
- Total

Ground
Water -

Dissolved
Ground

Water - Total Ambient Air
Off-site Soil OFS-128 Off-site Soil Area 128 10
Off-site Soil OFS-129 Off-site Soil Area 129 10
Off-site Soil OFS-130 Off-site Soil Area 130 10
Off-site Soil OFS-131 Off-site Soil Area 131 10
Off-site Soil OFS-132 Off-site Soil Area 132 10
Off-site Soil OFS-133 Off-site Soil Area 133 10
Off-site Soil OFS-134 Off-site Soil Area 134 10
Off-site Soil OFS-135 Off-site Soil Area 135 10
Off-site Soil OFS-136 Off-site Soil Area 136 9
Off-site Soil OFS-137 Off-site Soil Area 137 10
Off-site Soil OFS-138 Off-site Soil Area 138 10
Off-site Soil OFS-139 Off-site Soil Area 139 10
Off-site Soil OFS-140 Off-site Soil Area 140 10
Off-site Soil OFS-141 Off-site Soil Area 141 10
Off-site Soil OFS-142 Off-site Soil Area 142 10
Off-site Soil OFS-143 Off-site Soil Area 143 10
Off-site Soil OFS-144 Off-site Soil Area 144 10
Off-site Soil OFS-145 Off-site Soil Area 145 10
Off-site Soil OFS-146 Off-site Soil Area 146 16
Off-site Soil OFS-147 Off-site Soil Area 147 10
Off-site Soil OFS-148 Off-site Soil Area 148 10
Off-site Soil OSOIL Off-site Soil 2
Waterway AF Agua Fria 20 15 16
Waterway BAF Background Agua Fria 10 7 7
Waterway BCG Background Chaparral Gulch 10
Waterway GG Galena Gulch 23 3
Waterway LCG Lower Chaparral Gulch 42 10 4 4 5

Waterway LCGDC Lower Chaparral Gulch Dam-Confluence 7 5 7

Waterway MCG Middle Chaparral Gulch 7 4

Waterway UCG Upper Chaparral Gulch 26 4
Waterway BGG Background Galena Gulch 10

Notes:
Sample quantities do not include field duplicate samples.

(1) Four rock samples were collected to evaluate native material, which was unprocessed during mining operations.
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Agua Fria AF-10 SD-AF-10 0 0.5 24-Aug-08 X

Agua Fria AF-11 SD-AF-11 0 0.5 24-Aug-08 X

Agua Fria AF-12 SD-AF-12 0 0.5 24-Aug-08 X

Agua Fria AF-13 SD-AF-13 0 0.5 28-Apr-09 X

Agua Fria AF-14 SD-AF-14 0 0.5 15-Aug-08 X

Agua Fria AF-14 SD-AF-14-D 0 0.5 Dup 15-Aug-08 X

Agua Fria AF-15 SD-AF-15 0 0.5 25-Aug-08 X X X

Agua Fria AF-16 SD-AF-16 0 0.5 28-Apr-09 X

Agua Fria AF-17 SD-AF-17 0 0.5 03-May-09 X

Agua Fria AF-18 SD-AF-18 0 0.5 03-May-09 X

Agua Fria AF-2 SD-AF-2 0 0.5 24-Aug-08 X

Agua Fria AF-3 SD-AF-3 0 0.5 24-Aug-08 X

Agua Fria AF-4 SD-AF-4 0 0.5 24-Aug-08 X

Agua Fria AF-5 SD-AF-5 0 0.5 26-Aug-08 X X X

Agua Fria AF-6 SD-AF-6 0 0.5 24-Aug-08 X

Agua Fria AF-8 SD-AF-8 0 0.5 24-Aug-08 X

Agua Fria AF-8 SD-AF-8-D 0 0.5 Dup 24-Aug-08 X

Agua Fria AF-9 SD-AF-9 0 0.5 03-May-09 X

Agua Fria AF-16 SD-AF-99 0 0.5 Dup 28-Apr-09 X

Agua Fria OW-18 SD-OW-18 0 0.5 26-Aug-08 X

Agua Fria OW-19 SD-OW-19 0 0.5 26-Aug-08 X

Agua Fria OW-20 SD-OW-20 0 0.5 26-Aug-08 X X X

Agua Fria OW-21 SD-OW-21 0 0.5 26-Aug-08 X

Background Agua Fria BKG-AF-1 SD-BKG-AF-1 0 0.5 26-Aug-08 X X X

Background Agua Fria BKG-AF-10 SD-BKG-AF-10 0 0.5 06-Sep-08 X

Background Agua Fria BKG-AF-1 SD-BKG-AF-1-D 0 0.5 Dup 26-Aug-08 X X X

Background Agua Fria BKG-AF-2 SD-BKG-AF-2 0 0.5 26-Aug-08 X X X

Background Agua Fria BKG-AF-3 SD-BKG-AF-3 0 0.5 25-Aug-08 X

Background Agua Fria BKG-AF-4 SD-BKG-AF-4 0 0.5 06-Sep-08 X

Background Agua Fria BKG-AF-5 SD-BKG-AF-5 0 0.5 06-Sep-08 X

Background Agua Fria BKG-AF-6 SD-BKG-AF-6 0 0.5 06-Sep-08 X

Background Agua Fria BKG-AF-7 SD-BKG-AF-7 0 0.5 06-Sep-08 X

Background Agua Fria BKG-AF-8 SD-BKG-AF-8 0 0.5 06-Sep-08 X

Background Agua Fria BKG-AF-9 SD-BKG-AF-9 0 0.5 06-Sep-08 X

Background Chaparral Gulch BKG-CG-1 SD-BKG-CG-1 0 0.5 10-Sep-08 X X X

Background Chaparral Gulch BKG-CG-10 SD-BKG-CG-10 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-2 SD-BKG-CG-2 0 0.5 10-Sep-08 X X X

Background Chaparral Gulch BKG-CG-3 SD-BKG-CG-3 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-4 SD-BKG-CG-4 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-5 SD-BKG-CG-5 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-6 SD-BKG-CG-6 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-7 SD-BKG-CG-7 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-8 SD-BKG-CG-8 0 0.5 07-Sep-08 X

Background Chaparral Gulch BKG-CG-9 SD-BKG-CG-9 0 0.5 07-Sep-08 X

Background Galena Gulch BKG-GG-1 SD-BKG-GG-1 0 0.5 10-Sep-08 X X X

Background Galena Gulch BKG-GG-10 SD-BKG-GG-10 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-10 SD-BKG-GG-10-D 0 0.5 Dup 06-Sep-08 X

Background Galena Gulch BKG-GG-2 SD-BKG-GG-2 0 0.5 10-Sep-08 X X X

Background Galena Gulch BKG-GG-3 SD-BKG-GG-3 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-4 SD-BKG-GG-4 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-5 SD-BKG-GG-5 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-6 SD-BKG-GG-6 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-7 SD-BKG-GG-7 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-8 SD-BKG-GG-8 0 0.5 06-Sep-08 X

Background Galena Gulch BKG-GG-9 SD-BKG-GG-9 0 0.5 06-Sep-08 X

Background Sample BKG-320 BKG-320 0 0.5 14-Oct-08 X X

Background Sample BKG-330 BKG-330 0 0.5 13-Oct-09 X

Background Sample BKG-340 BKG-340 0 0.5 14-Oct-09 X

Background Sample IKJ-548 IKJ-548-0-2 0 2 11-Sep-09 X X

Background Soil Type 1 BKG-101 BKG-101-0-2 0 2 12-Sep-08 X X X X

Background Soil Type 1 BKG-102 BKG-102-0-2 0 2 12-Sep-08 X X X X

Background Soil Type 1 BKG-103 BKG-103-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-104 BKG-104-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-105 BKG-105-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-106 BKG-106-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-107 BKG-107-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-108 BKG-108-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-109 BKG-109-0-2 0 2 11-Sep-08 X

Background Soil Type 1 BKG-110 BKG-110-0-2 0 2 11-Sep-08 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Background Soil Type 2 BKG-201 BKG-201-0-2 0 2 09-Sep-08 X X X X

Background Soil Type 2 BKG-202 BKG-202-0-2 0 2 09-Sep-08 X X X X

Background Soil Type 2 BKG-203 BKG-203-0-2 0 2 02-Sep-08 X

Background Soil Type 2 BKG-204 BKG-204-0-2 0 2 09-Sep-08 X

Background Soil Type 2 BKG-205 BKG-205-0-2 0 2 09-Sep-08 X

Background Soil Type 2 BKG-206 BKG-206-0-2 0 2 09-Sep-08 X

Background Soil Type 2 BKG-207 BKG-207-0-2 0 2 09-Sep-08 X

Background Soil Type 2 BKG-208 BKG-208-0-2 0 2 09-Sep-08 X

Background Soil Type 2 BKG-209 BKG-209-0-2 0 2 09-Sep-08 X

Background Soil Type 2 BKG-210 BKG-210-0-2 0 2 08-Sep-08 X

Background Soil Type 3 BKG-301 BKG-301-0-2 0 2 09-Sep-08 X X X X X

Background Soil Type 3 BKG-302 BKG-302-0-2 0 2 09-Sep-08 X X X X X

Background Soil Type 3 BKG-303 BKG-303-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-304 BKG-304-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-305 BKG-305-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-305 BKG-305-0-2 DUP 0 2 Dup 10-Sep-08

Background Soil Type 3 BKG-306 BKG-306-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-307 BKG-307-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-307 BKG-307-0-2-D 0 2 10-Sep-08 X

Background Soil Type 3 BKG-308 BKG-308-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-308 BKG-308-0-2-D 0 2 Dup 10-Sep-08 X X

Background Soil Type 3 BKG-308 BKG-308-0-2-D 0 2 10-Sep-08 X

Background Soil Type 3 BKG-309 BKG-309-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-309 BKG-309-0-2-D 0 2 Dup 10-Sep-08 X

Background Soil Type 3 BKG-310 BKG-310-0-2 0 2 10-Sep-08 X X

Background Soil Type 3 BKG-311 BKG-311-0-0_5 0 0.5 02-May-09 X X

Background Soil Type 3 BKG-311 BKG-311-S-10 0 0.5 03-May-09 X

Background Soil Type 3 BKG-311 BKG-311-S-200 0 0.5 03-May-09 X

Background Soil Type 3 BKG-311 BKG-311-S-3_8 0 0.5 03-May-09 X

Background Soil Type 3 BKG-311 BKG-311-S-40 0 0.5 03-May-09 X

Background Soil Type 3 BKG-311 BKG-311-S-80 0 0.5 03-May-09 X

Galena Gulch IKJ-516 IKJ-516-0-0_5 0 0.5 02-Sep-08 X

Galena Gulch IKJ-557-1 IKJ-557-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-558 IKJ-558-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-559 IKJ-559-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-560 IKJ-560-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-561 IKJ-561-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-562 IKJ-562-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-563 IKJ-563-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-564 IKJ-564-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-565 IKJ-565-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-566 IKJ-566-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-567 IKJ-567-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-568 IKJ-568-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-569 IKJ-569-0-0_5 0 0.5 27-Apr-09 X

Galena Gulch IKJ-557 IKJ-957-0-0_5 0 0.5 Dup 27-Apr-09 X

Galena Gulch IKJ-569 IKJ-969-0-0_5 0 0.5 Dup 27-Apr-09 X

Galena Gulch GG-10 SD-GG-10 0 0.5 11-Sep-08 X X X

Galena Gulch GG-14 SD-GG-14 0 0.5 16-Aug-08 X

Galena Gulch GG-2 SD-GG-2 0 0.5 02-Sep-08 X

Galena Gulch GG-4 SD-GG-4 0 0.5 16-Aug-08 X

Galena Gulch GG-5 SD-GG-5 0 0.5 11-Sep-08 X X X

Galena Gulch GG-8 SD-GG-8 0 0.5 06-Sep-08 X

Galena Gulch OW-13 SD-OW-13 0 0.5 26-Aug-08 X

Galena Gulch OW-14 SD-OW-14 0 0.5 16-Aug-08 X

Galena Gulch OW-15 SD-OW-15 0 0.5 26-Aug-08 X

Humboldt Smelter Ash Pile HSJ-504 HSJ-504-0-2 0 2 09-Sep-08 X X X X X

Humboldt Smelter Ash Pile HSJ-505 HSJ-505-0-2 0 2 27-Aug-08 X

Humboldt Smelter Ash Pile HSJ-506 HSJ-506-0-2 0 2 27-Aug-08 X

Humboldt Smelter Ash Pile HSJ-508 HSJ-508-0-2 0 2 28-Aug-08 X

Humboldt Smelter Ash Pile HSJ-509 HSJ-509-0-2 0 2 28-Aug-08 X

Humboldt Smelter Ash Pile HSJ-510 HSJ-510-0-2 0 2 28-Aug-08 X

Humboldt Smelter Ash Pile HSJ-511 HSJ-511-0-2 0 2 03-Sep-08 X X X X X

Humboldt Smelter Ash Pile HSJ-512 HSJ-512-0-2 0 2 03-Sep-08 X

Humboldt Smelter Ash Pile HSJ-515 HSJ-515-0-2 0 2 27-Aug-08 X X X X X

Humboldt Smelter Ash Pile HSJ-516 HSJ-516-0-2 0 2 26-Aug-08 X X

Humboldt Smelter Ash Pile HSJ-517 HSJ-517-0-2 0 2 26-Aug-08 X X

Humboldt Smelter Ash Pile HSJ-518 HSJ-518-0-2 0 2 26-Aug-08 X X

Humboldt Smelter Ash Pile HSJ-519 HSJ-519-0-2 0 2 24-Aug-08 X X

Humboldt Smelter Ash Pile HSJ-520 HSJ-520-0-2 0 2 24-Aug-08 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Humboldt Smelter Ash Pile HSJ-521 HSJ-521-0-2 0 2 05-Sep-08 X X X X X X X X

Humboldt Smelter Ash Pile HSJ-521 HSJ-521-0-2-D 0 2 Dup 05-Sep-08 X X X X

Humboldt Smelter Ash Pile HSJ-522 HSJ-522-0-2 0 2 05-Sep-08 X

Humboldt Smelter Ash Pile HSJ-523 HSJ-523-0-2 0 2 05-Sep-08 X

Humboldt Smelter Ash Pile HSJ-523 HSJ-523-0-2-D 0 2 Dup 05-Sep-08 X

Humboldt Smelter Ash Pile HSJ-538 HSJ-538-0-2 0 2 23-Aug-08 X

Humboldt Smelter Ash Pile HSJ-539 HSJ-539-0-0_5 0 0.5 23-Aug-08 X X

Humboldt Smelter Ash Pile HSJ-543 HSJ-543-0-2 0 2 28-Aug-08 X

Humboldt Smelter Ash Pile HSJ-547 HSJ-547-0-2 0 2 05-Sep-08 X

Humboldt Smelter Ash Pile HSJ-547 HSJ-547-0-2-D 0 2 Dup 05-Sep-08 X

Humboldt Smelter Ash Pile HSJ-552 HSJ-552-0-6 0 0.5 15-Sep-08 X

Humboldt Smelter Ash Pile HSJ-578 HSJ-578-0-0_5 0 0.5 01-May-09 X X

Humboldt Smelter Ash Pile HSJ-579 HSJ-579-0-0_5 0 0.5 01-May-09 X X

Humboldt Smelter Ash Pile HSJ-580 HSJ-580-0-0_5 0 0.5 01-May-09 X X X X X

Humboldt Smelter Ash Pile HSJ-580 HSJ-580-S-10 0 0.5 02-May-09 X

Humboldt Smelter Ash Pile HSJ-580 HSJ-580-S-200 0 0.5 02-May-09 X

Humboldt Smelter Ash Pile HSJ-580 HSJ-580-S-40 0 0.5 02-May-09 X

Humboldt Smelter Ash Pile HSJ-580 HSJ-580-S-80 0 0.5 02-May-09 X

Humboldt Smelter Ash Pile HSJ-581 HSJ-581-0-0_5 0 0.5 01-May-09 X X

Humboldt Smelter Ash Pile HSJ-578 HSJ-978-0-0_5 0 0.5 Dup 01-May-09 X

Humboldt Smelter Ash Pile HSJ-580 HSJ-980-0-0_5 0 0.5 Dup 01-May-09 X

Humboldt Smelter Ash Pile HSV-112 HSV-112-0-2 0 2 23-Aug-08 X

Humboldt Smelter Ash Pile HSV-118 HSV-118-0-2 0 2 28-Aug-08 X X

Humboldt Smelter Ash Pile HSV-118 HSV-118-0-2-D 0 2 Dup 28-Aug-08 X X

Humboldt Smelter Ash Pile HSV-118 HSV-118-0-2-D 0 2 28-Aug-08 X

Humboldt Smelter Ash Pile HSV-119 HSV-119-0-2 0 2 27-Aug-08 X

Humboldt Smelter Ash Pile HSV-120 HSV-120-0-2 0 2 26-Aug-08 X X

Humboldt Smelter Ash Pile HSV-121 HSV-121-0-2 0 2 27-Aug-08 X X

Humboldt Smelter Off-site Migration HSJ-568 HSJ-568-0-0_5 0 0.5 05-May-09 X

Humboldt Smelter Off-site Migration HSJ-569 HSJ-569-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Off-site Migration HSJ-570 HSJ-570-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Off-site Migration HSJ-571 HSJ-571-0-0_5 0 0.5 04-May-09 X

Humboldt Smelter Off-site Migration HSJ-572 HSJ-572-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Off-site Migration HSJ-573 HSJ-573-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Off-site Migration HSJ-574 HSJ-574-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Off-site Migration HSJ-568 HSJ-968-0-0_5 0 0.5 05-May-09 X

Humboldt Smelter Off-site Migration HSJ-570 HSJ-970-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Off-site Migration OW-34 SD-OW-34 0 0.5 30-Apr-09 X

Humboldt Smelter Off-site Migration OW-35 SD-OW-35 0 0.5 30-Apr-09 X

Humboldt Smelter Off-site Migration OW-36 SD-OW-36 0 0.5 30-Apr-09 X

Humboldt Smelter Off-site Migration OW-37 SD-OW-37 0 0.5 30-Apr-09 X

Humboldt Smelter Off-site Migration OW-38 SD-OW-38 0 0.5 30-Apr-09 X

Humboldt Smelter Operations Area HS-AS-1 HS-AS-1 0 0 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-10 HS-AS-10 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-11 HS-AS-11 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-12 HS-AS-12 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-13 HS-AS-13 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-14 HS-AS-14 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-15 HS-AS-15 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-16 HS-AS-16 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-17 HS-AS-17 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-18 HS-AS-18 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-19 HS-AS-19 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-2 HS-AS-2 0 0 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-20 HS-AS-20 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-21 HS-AS-21 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-22 HS-AS-22 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HS-AS-3 HS-AS-3 0 0 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-4 HS-AS-4 0 0 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-4 HS-AS-4-D 0 0 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-5 HS-AS-5 0 0.5 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-6 HS-AS-6 0 0.5 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-7 HS-AS-7 0 0.5 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-8 HS-AS-8 0 0.5 02-Sep-08 X

Humboldt Smelter Operations Area HS-AS-92 HS-AS-92 0 0.5 02-May-09 X

Humboldt Smelter Operations Area HSJ-513 HSJ-513-0-2 0 2 12-Sep-08 X

Humboldt Smelter Operations Area HSJ-524 HSJ-524-0-2 0 2 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-525 HSJ-525-0-2 0 2 28-Aug-08 X X X X X X X

Humboldt Smelter Operations Area HSJ-526 HSJ-526-0-2 0 2 03-Sep-08 X X X X X

Humboldt Smelter Operations Area HSJ-526 HSJ-526-0-2-D 0 2 Dup 03-Sep-08 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation
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Humboldt Smelter Operations Area HSJ-527 HSJ-527-0-2 0 2 28-Aug-08 X X X X X X X X

Humboldt Smelter Operations Area HSJ-527 HSJ-527-0-2-D 0 2 Dup 28-Aug-08 X X X

Humboldt Smelter Operations Area HSJ-528 HSJ-528-0-2 0 2 28-Aug-08 X

Humboldt Smelter Operations Area HSJ-529 HSJ-529-0-2 0 2 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-530 HSJ-530-0-2 0 2 28-Aug-08 X

Humboldt Smelter Operations Area HSJ-531 HSJ-531-0-2 0 2 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-532 HSJ-532-0-2 0 2 28-Aug-08 X X X X

Humboldt Smelter Operations Area HSJ-533 HSJ-533-0-2 0 2 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-537 HSJ-537-0-2 0 2 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-540 HSJ-540-0-2 0 2 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-541 HSJ-541-0-2 0 2 28-Aug-08 X

Humboldt Smelter Operations Area HSJ-542 HSJ-542-0-2 0 2 28-Aug-08 X

Humboldt Smelter Operations Area HSJ-553 HSJ-553-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-554 HSJ-554-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-555 HSJ-555-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-556 HSJ-556-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-557 HSJ-557-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-558 HSJ-558-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-563 HSJ-563-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-564 HSJ-564-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-565 HSJ-565-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-566 HSJ-566-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-567 HSJ-567-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-553 HSJ-953-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-558 HSJ-958-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-564 HSJ-964-0-2 0 2 29-Apr-09 X

Humboldt Smelter Operations Area HSJ-DRUM HSJ-DRUM 0 0 29-Apr-09 X

Humboldt Smelter Operations Area HSV-103 HSV-103-0-2 0 2 03-Sep-08 X X

Humboldt Smelter Operations Area HSV-103 HSV-103-0-2-D 0 2 Dup 03-Sep-08 X

Humboldt Smelter Operations Area HSV-106 HSV-106-0-2 0 2 03-Sep-08 X X

Humboldt Smelter Operations Area HSV-106 HSV-106-0-2-D 0 2 Dup 03-Sep-08 X

Humboldt Smelter Operations Area HSV-108 HSV-108-0-2 0 2 28-Aug-08 X X

Humboldt Smelter Operations Area HSV-110 HSV-110-0-2 0 2 07-Sep-08 X

Humboldt Smelter Operations Area HSV-111 HSV-111-0-2 0 2 27-Aug-08 X X

Humboldt Smelter Operations Area HSV-128 HSV-128-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-129 HSV-129-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-130 HSV-130-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-131 HSV-131-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-132 HSV-132-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-133 HSV-133-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-134 HSV-134-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-135 HSV-135-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-136 HSV-136-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-137 HSV-137-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-138 HSV-138-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-139 HSV-139-0-2 0 2 30-Apr-09 X

Humboldt Smelter Operations Area HSV-129 HSV-929-0-2 0 2 Dup 30-Apr-09 X

Humboldt Smelter Operations Area HSV-133 HSV-933-0-2 0 2 Dup 30-Apr-09 X

Humboldt Smelter Slag HSJ-507 HSJ-507-0-2 0 2 27-Aug-08 X X X X X

Humboldt Smelter Slag HSJ-514 HSJ-514-0-2 0 2 11-Sep-08 X X

Humboldt Smelter Slag HSJ-561 HSJ-561-0-2 0 2 29-Apr-09 X X

Humboldt Smelter Slag HSV-109 HSV-109-0-2 0 2 03-Sep-08 X

Humboldt Smelter Slag HSV-122 HSV-122-0-2 0 2 23-Aug-08 X

Humboldt Smelter Slag HSV-122 HSV-122-0-2-D 0 2 Dup 23-Aug-08 X

Humboldt Smelter Slag HSV-123 HSV-123-0-2 0 2 03-Sep-08 X X

Humboldt Smelter Slag HSV-124 HSV-124-0-2 0 2 07-Sep-08 X X

Humboldt Smelter Slag HSV-125 HSV-125-0-2 0 2 03-Sep-08 X

Humboldt Smelter Slag HSV-125 HSV-125-0-2-D 0 2 Dup 03-Sep-08 X

Humboldt Smelter Slag HSV-126 HSV-126-0-2 0 2 27-Aug-08 X X

Humboldt Smelter Slag HSV-126 HSV-126-0-2-D 0 2 Dup 27-Aug-08 X X

Humboldt Smelter Slag HSV-126 HSV-126-0-2-D 0 2 27-Aug-08 X

Humboldt Smelter Slag HSV-127 HSV-127-0-2 0 2 23-Aug-08 X

Humboldt Smelter Tailings Pile HSJ-501 HSJ-501-0-2 0 2 04-Sep-08 X X X X X

Humboldt Smelter Tailings Pile HSJ-501 HSJ-501-0-2-D 0 2 Dup 04-Sep-08 X X

Humboldt Smelter Tailings Pile HSJ-502 HSJ-502-0-2 0 2 05-Sep-08 X

Humboldt Smelter Tailings Pile HSJ-503 HSJ-503-0-2 0 2 05-Sep-08 X

Humboldt Smelter Tailings Pile HSJ-503 HSJ-503-0-2-D 0 2 Dup 05-Sep-08 X

Humboldt Smelter Tailings Pile HSJ-544 HSJ-544-0-2 0 2 07-Sep-08 X

Humboldt Smelter Tailings Pile HSJ-545 HSJ-545-0-2 0 2 05-Sep-08 X

Humboldt Smelter Tailings Pile HSJ-559 HSJ-559-0-2 0 2 29-Apr-09 X
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Humboldt Smelter Tailings Pile HSJ-560 HSJ-560-0-2 0 2 29-Apr-09 X

Humboldt Smelter Tailings Pile HSJ-562 HSJ-562-0-2 0 2 29-Apr-09 X

Humboldt Smelter Tailings Pile HSJ-577 HSJ-577-0-0_5 0 0.5 01-May-09 X

Humboldt Smelter Tailings Pile HSV-107 HSV-107-0-2 0 2 05-Sep-08 X

Humboldt Smelter Tailings Pile HSV-116 HSV-116-0-2 0 2 05-Sep-08 X

Humboldt Smelter Tailings Pile HSV-117 HSV-117-0-2 0 2 10-Sep-08 X X

Impoundment-Pond - Humboldt Smelter HSJ-575 HSJ-575-0-0_5 0 0.5 29-Apr-09 X

Impoundment-Pond - Humboldt Smelter HSJ-576 HSJ-576-0-0_5 0 0.5 29-Apr-09 X

Impoundment-Pond - Humboldt Smelter IP-19 SD-IP-19 0 0.5 02-Sep-08 X

Impoundment-Pond - Humboldt Smelter IP-20 SD-IP-20 0 0.5 05-Sep-08 X X X

Impoundment-Pond - Humboldt Smelter IP-21 SD-IP-21 0 0.5 02-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-1 SD-IP-1 0 0.5 04-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-1 SD-IP-1-D 0 0.5 Dup 04-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-2 SD-IP-2 0 0.5 04-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-3 SD-IP-3 0 0.5 04-Sep-08 X X X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-4 SD-IP-4 0 0.5 04-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-5 SD-IP-5 0 0.5 10-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-6 SD-IP-6 0 0.5 16-Aug-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-7 SD-IP-7 0 0.5 02-Sep-08 X X X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-7 SD-IP-7-D 0 0.5 Dup 02-Sep-08 X X X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-8 SD-IP-8 0 0.5 10-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-9 SD-IP-9 0 0.5 04-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-10 SD-IP-10 0 0.5 02-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-11 SD-IP-11 0 0.5 05-Sep-08 X X X

Impoundment-Pond - Iron King Mine Mine Plant IP-11 SD-IP-11-D 0 0.5 Dup 05-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-12 SD-IP-12 0 0.5 02-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-13 SD-IP-13 0 0.5 08-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-14 SD-IP-14 0 0.5 08-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-15 SD-IP-15 0 0.5 08-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-16 SD-IP-16 0 0.5 08-Sep-08 X

Impoundment-Pond - Iron King Mine Mine Plant IP-17 SD-IP-17 0 0.5 10-Sep-08 X X X

Impoundment-Pond - Iron King Mine Mine Plant IP-18 SD-IP-18 0 0.5 08-Sep-08 X

Iron King Mine Former Fertilizer Plant IKJ-522 IKJ-522-0-2 0 2 22-Aug-08 X X X X X X

Iron King Mine Former Fertilizer Plant IKJ-523 IKJ-523-0-2 0 2 22-Aug-08 X X X

Iron King Mine Former Fertilizer Plant IKJ-524 IKJ-524-0-2 0 2 22-Aug-08 X X X

Iron King Mine Former Fertilizer Plant IKV-135 IKV-135-0-2 0 2 22-Aug-08 X

Iron King Mine Former Fertilizer Plant IKV-136 IKV-136-0-2 0 2 22-Aug-08 X X X X X

Iron King Mine Former Fertilizer Plant IKV-137 IKV-137-0-2 0 2 22-Aug-08 X

Iron King Mine Former Fertilizer Plant IKV-138 IKV-138-0-2 0 2 22-Aug-08 X

Iron King Mine Former Fertilizer Plant IKV-139 IKV-139-0-2 0 2 22-Aug-08 X

Iron King Mine Glory Hole IKJ-511 IKJ-511-0-0_3 0 0.3 06-Sep-08 X

Iron King Mine Glory Hole IKJ-511 IKJ-511-0-2 0 2 06-Sep-08 X

Iron King Mine Glory Hole IKV-130 IKV-130-0-2 0 2 06-Sep-08 X

Iron King Mine Glory Hole IKV-130 IKV-130-1_5-1_8 1.5 1.8 06-Sep-08 X X

Iron King Mine Glory Hole IKV-131 IKV-131-0_9-1_3 0.9 1.3 08-Sep-08 X X

Iron King Mine Glory Hole IKV-131 IKV-131-0-2 0 2 08-Sep-08 X

Iron King Mine Glory Hole IKV-132 IKV-132-0-2 0 2 06-Sep-08 X X

Iron King Mine Glory Hole IKV-133 IKV-133-0_5-0_7 0.5 0.7 09-Sep-08 X

Iron King Mine Glory Hole IKV-133 IKV-133-0_7-0_9 0.7 0.9 09-Sep-08

Iron King Mine Glory Hole IKV-133 IKV-133-0-0_5 0 0.5 09-Sep-08 X

Iron King Mine Glory Hole IKV-134 IKV-134-0-2 0 2 06-Sep-08 X

Iron King Mine Main Tailings Pile IKJ-525 IKJ-525-0-2 0 2 20-Aug-08 X X X X

Iron King Mine Main Tailings Pile IKJ-525 IKJ-525-0-2-D 0 2 Dup 20-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-526 IKJ-526-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-527 IKJ-527-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-529 IKJ-529-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-530 IKJ-530-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-555 IKJ-555-0-6 0 0.5 15-Sep-08 X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-583-0-0_5 0 0.5 02-May-09 X X X X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-583-S-10 0 0.5 03-May-09 X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-583-S-200 0 0.5 03-May-09 X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-583-S-3_8 0 0.5 03-May-09 X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-583-S-40 0 0.5 03-May-09 X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-583-S-80 0 0.5 03-May-09 X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-983-0-0_5 0 0.5 Dup 02-May-09 X X

Iron King Mine Main Tailings Pile IKJ-583 IKJ-983-S-40 0 0.5 Dup 03-May-09 X

Iron King Mine Main Tailings Pile IKV-101 IKV-101-0-2 0 2 20-Aug-08 X

Iron King Mine Main Tailings Pile IKV-102 IKV-102-0-2 0 2 18-Aug-08 X

Iron King Mine Main Tailings Pile IKV-103 IKV-103-0-2 0 2 18-Aug-08 X

Iron King Mine Main Tailings Pile IKV-104 IKV-104-0-2 0 2 20-Aug-08 X X X
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Iron King Mine Main Tailings Pile IKV-105 IKV-105-0-2 0 2 20-Aug-08 X

Iron King Mine Main Tailings Pile IKV-106 IKV-106-0-2 0 2 18-Aug-08 X

Iron King Mine Main Tailings Pile IKV-107 IKV-107-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKV-108 IKV-108-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKV-109 IKV-109-0-2 0 2 19-Aug-08 X

Iron King Mine Main Tailings Pile IKV-109 IKV-109-0-2-D 0 2 Dup 19-Aug-08 X

Iron King Mine Main Tailings Pile IKV-112 IKV-112-0-2 0 2 19-Aug-08 X

Iron King Mine Mine Plant IKJ-528 IKJ-528-0-2 0 2 19-Aug-08 X

Iron King Mine Mine Plant IKJ-531 IKJ-531-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKJ-532 IKJ-532-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKJ-533 IKJ-533-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKJ-534 IKJ-534-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKJ-535 IKJ-535-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKJ-536 IKJ-536-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKV-110 IKV-110-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKV-111 IKV-111-0-2 0 2 18-Aug-08 X

Iron King Mine Mine Plant IKV-111 IKV-111-0-2-D 0 2 Dup 18-Aug-08 X

Iron King Mine Operations Area IKJ-501 IKJ-501-0-2 0 2 08-Sep-08 X X X X X X

Iron King Mine Operations Area IKJ-502 IKJ-502-0-2 0 2 08-Sep-08 X

Iron King Mine Operations Area IKJ-503 IKJ-503-0-2 0 2 08-Sep-08 X X

Iron King Mine Operations Area IKJ-503 IKJ-503-1_8-2_3 1.8 2.3 08-Sep-08 X X

Iron King Mine Operations Area IKJ-504 IKJ-504-0-2 0 2 08-Sep-08 X X X X X X X

Iron King Mine Operations Area IKJ-504 IKJ-504-0-2-D 0 2 Dup 08-Sep-08 X

Iron King Mine Operations Area IKJ-505 IKJ-505-0-2 0 2 09-Sep-08 X X X X X X

Iron King Mine Operations Area IKJ-506 IKJ-506-0-2 0 2 09-Sep-08 X X X X X X

Iron King Mine Operations Area IKJ-506 IKJ-506-0-2-D 0 2 Dup 09-Sep-08 X X X X X X

Iron King Mine Operations Area IKJ-507 IKJ-507-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area IKJ-509 IKJ-509-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area IKJ-512 IKJ-512-0-2 0 2 06-Sep-08 X

Iron King Mine Operations Area IKJ-515 IKJ-515-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area IKJ-515 IKJ-515-0-2-D 0 2 Dup 07-Sep-08 X

Iron King Mine Operations Area IKJ-540 IKJ-540-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area IKJ-541 IKJ-541-0-2 0 2 08-Sep-08 X X

Iron King Mine Operations Area IKJ-549 IKJ-549-0-2 0 2 12-Sep-08 X

Iron King Mine Operations Area IKJ-550 IKJ-550-0-2 0 2 12-Sep-08 X

Iron King Mine Operations Area IKJ-552 IKJ-552-0-6 0 0.5 12-Sep-08 X

Iron King Mine Operations Area IKJ-553 IKJ-553-0-6 0 0.5 12-Sep-08 X

Iron King Mine Operations Area IKJ-554 IKJ-554-0-6 0 0.5 12-Sep-08 X

Iron King Mine Operations Area IKV-118 IKV-118-0-2 0 2 08-Sep-08 X

Iron King Mine Operations Area IKV-119 IKV-119-0-2 0 2 06-Sep-08 X

Iron King Mine Operations Area IKV-120 IKV-120-0-2 0 2 06-Sep-08 X

Iron King Mine Operations Area IKV-121 IKV-121-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area IKV-121 IKV-121-1_7-2_1 1.7 2.1 07-Sep-08 X X

Iron King Mine Operations Area IKV-123 IKV-123-0-2 0 2 06-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-513 IKJ-513-0-2 0 2 06-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-514 IKJ-514-0-2 0 2 06-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-542 IKJ-542-0-2 0 2 10-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-570 IKJ-570-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-571 IKJ-571-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-573 IKJ-573-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-574 IKJ-574-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-575 IKJ-575-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-576 IKJ-576-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-577 IKJ-577-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-570 IKJ-970-0-0_5 0 0.5 Dup 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKJ-576 IKJ-976-0-0_5 0 0.5 Dup 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous IKV-122 IKV-122-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKV-124 IKV-124-0-2 0 2 22-Aug-08 X

Iron King Mine Operations Area - Miscellaneous IKV-125 IKV-125-0-2 0 2 22-Aug-08 X

Iron King Mine Operations Area - Miscellaneous IKV-126 IKV-126-0-2 0 2 22-Aug-08 X

Iron King Mine Operations Area - Miscellaneous IKV-127 IKV-127-0-2 0 2 07-Sep-08 X

Iron King Mine Operations Area - Miscellaneous OW-22 SD-OW-22 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-23 SD-OW-23 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-24 SD-OW-24 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-25 SD-OW-25 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-26 SD-OW-26 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-27 SD-OW-27 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-28 SD-OW-28 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-29 SD-OW-29 0 0.5 28-Apr-09 X

Iron King Mine Operations Area - Miscellaneous OW-30 SD-OW-30 0 0.5 28-Apr-09 X
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Iron King Mine Salvage Yard IKJ-543 IKJ-543-0-2 0 2 11-Sep-08 X

Iron King Mine Salvage Yard IKJ-544 IKJ-544-0-2 0 2 11-Sep-08 X

Iron King Mine Salvage Yard IKJ-544 IKJ-544-0-2-D 0 2 Dup 11-Sep-08 X

Iron King Mine Salvage Yard IKJ-545 IKJ-545-0-2 0 2 11-Sep-08 X

Iron King Mine Salvage Yard IKJ-546 IKJ-546-0-2 0 2 11-Sep-08 X

Iron King Mine Salvage Yard IKJ-547 IKJ-547-0-2 0 2 11-Sep-08 X

Iron King Mine Salvage Yard IKJ-547 IKJ-547-0-2-D 0 2 Dup 11-Sep-08 X

Iron King Mine Small Tailings Pile IKJ-537 IKJ-537-0-2 0 2 21-Aug-08 X X X X

Iron King Mine Small Tailings Pile IKJ-538 IKJ-538-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKJ-539 IKJ-539-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKJ-578 IKJ-578-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Small Tailings Pile IKJ-579 IKJ-579-0-0_5 0 0.5 02-May-09 X X X X

Iron King Mine Small Tailings Pile IKJ-579 IKJ-579-S-10 0 0.5 03-May-09 X

Iron King Mine Small Tailings Pile IKJ-579 IKJ-579-S-200 0 0.5 03-May-09 X

Iron King Mine Small Tailings Pile IKJ-579 IKJ-579-S-3_8 0 0.5 03-May-09 X

Iron King Mine Small Tailings Pile IKJ-579 IKJ-579-S-40 0 0.5 03-May-09 X

Iron King Mine Small Tailings Pile IKJ-579 IKJ-579-S-80 0 0.5 03-May-09 X

Iron King Mine Small Tailings Pile IKJ-580 IKJ-580-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Small Tailings Pile IKJ-581 IKJ-581-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Small Tailings Pile IKJ-582 IKJ-582-0-0_5 0 0.5 28-Apr-09 X

Iron King Mine Small Tailings Pile IKJ-581 IKJ-981-0-0_5 0 0.5 Dup 28-Apr-09 X

Iron King Mine Small Tailings Pile IKV-113 IKV-113-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-114 IKV-114-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-115 IKV-115-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-116 IKV-116-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-117 IKV-117-0-2 0 2 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-117 IKV-117-0-2-D 0 2 Dup 21-Aug-08 X

Iron King Mine Small Tailings Pile CG-24 SD-CG-24-0-0_5 0 0.5 03-May-09 X

Iron King Mine Small Tailings Pile CG-24 SD-CG-94-0-0_5 0 0.5 Dup 03-May-09 X

Lower Chaparral Gulch HSJ-534 HSJ-534-0-2 0 2 04-Sep-08 X X X X

Lower Chaparral Gulch HSJ-534 HSJ-534-0-2-D 0 2 Dup 04-Sep-08 X

Lower Chaparral Gulch HSJ-535 HSJ-535-0-2 0 2 04-Sep-08 X

Lower Chaparral Gulch HSJ-536 HSJ-536-0-2 0 2 04-Sep-08 X

Lower Chaparral Gulch HSJ-548 HSJ-548-0-2 0 2 10-Sep-08 X

Lower Chaparral Gulch HSJ-549 HSJ-549-0-2 0 2 10-Sep-08 X

Lower Chaparral Gulch HSJ-550 HSJ-550-0-2 0 2 11-Sep-08 X

Lower Chaparral Gulch HSJ-551 HSJ-551-0-6 0 0.5 15-Sep-08 X

Lower Chaparral Gulch HSJ-582 HSJ-582-0-0_5 0 0.5 04-May-09 X X X X

Lower Chaparral Gulch HSJ-582 HSJ-582-S-10 0 0.5 04-May-09 X

Lower Chaparral Gulch HSJ-582 HSJ-582-S-200 0 0.5 04-May-09 X

Lower Chaparral Gulch HSJ-582 HSJ-582-S-3_8 0 0.5 04-May-09 X

Lower Chaparral Gulch HSJ-582 HSJ-582-S-40 0 0.5 04-May-09 X

Lower Chaparral Gulch HSJ-582 HSJ-582-S-80 0 0.5 04-May-09 X

Lower Chaparral Gulch HSJ-583 HSJ-583-0-0_5 0 0.5 02-May-09 X X X X

Lower Chaparral Gulch HSJ-583 HSJ-583-S-10 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-583 HSJ-583-S-200 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-583 HSJ-583-S-3_8 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-583 HSJ-583-S-40 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-583 HSJ-583-S-80 0 0.5 03-May-09

Lower Chaparral Gulch HSJ-584 HSJ-584-0-0_5 0 0.5 02-May-09 X X X X

Lower Chaparral Gulch HSJ-584 HSJ-584-S-10 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-584 HSJ-584-S-200 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-584 HSJ-584-S-3_8 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-584 HSJ-584-S-40 0 0.5 03-May-09 X

Lower Chaparral Gulch HSJ-584 HSJ-584-S-80 0 0.5 03-May-09 X

Lower Chaparral Gulch HSV-101 HSV-101-0-2 0 2 04-Sep-08 X X

Lower Chaparral Gulch HSV-102 HSV-102-0-2 0 2 04-Sep-08 X

Lower Chaparral Gulch HSV-104 HSV-104-0-2 0 2 05-Sep-08 X X

Lower Chaparral Gulch HSV-105 HSV-105-0-2 0 2 04-Sep-08 X X

Lower Chaparral Gulch HSV-113 HSV-113-0-2 0 2 04-Sep-08 X X

Lower Chaparral Gulch HSV-113 HSV-113-0-2-D 0 2 04-Sep-08 X

Lower Chaparral Gulch HSV-114 HSV-114-0-2 0 2 05-Sep-08 X

Lower Chaparral Gulch HSV-115 HSV-115-0-2 0 2 05-Sep-08 X X

Lower Chaparral Gulch CG-14 SD-CG-14 0 0.5 05-Sep-08 X

Lower Chaparral Gulch CG-15 SD-CG-15 0 0.5 11-Sep-08 X

Lower Chaparral Gulch CG-16 SD-CG-16 0 0.5 05-Sep-08 X X X X

Lower Chaparral Gulch CG-17 SD-CG-17 0 0.5 15-Aug-08 X

Lower Chaparral Gulch CG-22 SD-CG-22-0_5-2 0.5 2 02-May-09 X X X X

Lower Chaparral Gulch CG-22 SD-CG-22-0-0_5 0 0.5 02-May-09 X X X

Lower Chaparral Gulch CG-25 SD-CG-25-0-0_5 0 0.5 04-May-09 X
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Lower Chaparral Gulch Dam-Confluence CG-18 SD-CG-18 0 0.5 15-Aug-08 X

Lower Chaparral Gulch Dam-Confluence CG-19 SD-CG-19 0 0.5 25-Aug-08 X

Lower Chaparral Gulch Dam-Confluence CG-20 SD-CG-20 0 0.5 25-Aug-08 X

Lower Chaparral Gulch Dam-Confluence CG-21 SD-CG-21 0 0.5 25-Aug-08 X

Lower Chaparral Gulch Dam-Confluence CG-21 SD-CG-21-D 0 0.5 Dup 25-Aug-08 X

Lower Chaparral Gulch Dam-Confluence CG-23 SD-CG-23-0-0_5 0 0.5 28-Apr-09 X

Lower Chaparral Gulch Dam-Confluence DE-1 SD-DE-1 0 0.5 15-Aug-08 X

Lower Chaparral Gulch Dam-Confluence DE-2 SD-DE-2 0 0.5 25-Aug-08 X X X

Middle Chaparral Gulch CG-1 SD-CG-1 0 0.5 16-Aug-08 X

Middle Chaparral Gulch CG-10 SD-CG-10 0 0.5 16-Aug-08 X

Middle Chaparral Gulch CG-11 SD-CG-11 0 0.5 16-Aug-08 X

Middle Chaparral Gulch CG-12 SD-CG-12 0 0.5 16-Aug-08 X

Middle Chaparral Gulch CG-13 SD-CG-13 0 0.5 11-Sep-08 X

Middle Chaparral Gulch CG-13 SD-CG-13-D 0 0.5 Dup 11-Sep-08 X

Middle Chaparral Gulch CG-1 SD-CG-1-D 0 0.5 Dup 16-Aug-08 X

Middle Chaparral Gulch OW-16 SD-OW-16 0 0.5 08-Sep-08 X

Middle Chaparral Gulch OW-17 SD-OW-17 0 0.5 08-Sep-08 X

Off-site Soil HSJ-546 HSJ-546-0-2 0 2 07-Sep-08 X

Off-site Soil IKJ-551 IKJ-551-0-2 0 2 12-Sep-08 X

Off-site Soil Area 101 OFS-101 OFS-101-0-0_5 0 0.5 04-May-09 X X

Off-site Soil Area 101 OFS-101-1 OFS-101-1 0 0.2 15-Sep-08 X X X X

Off-site Soil Area 101 OFS-101-2 OFS-101-2 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-2 OFS-101-2-D 0 0.2 Dup 15-Sep-08 X

Off-site Soil Area 101 OFS-101-3 OFS-101-3 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-3 OFS-101-3-A 0.8 1 15-Sep-08 X

Off-site Soil Area 101 OFS-101-4 OFS-101-4 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-5 OFS-101-5 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-6 OFS-101-6 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-7 OFS-101-7 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-8 OFS-101-8 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101-9 OFS-101-9 0 0.2 15-Sep-08 X

Off-site Soil Area 101 OFS-101 OFS-101-S-10 0 0.5 05-May-09 X

Off-site Soil Area 101 OFS-101 OFS-101-S-200 0 0.5 05-May-09 X

Off-site Soil Area 101 OFS-101 OFS-101-S-3_8 0 0.5 05-May-09 X

Off-site Soil Area 101 OFS-101 OFS-101-S-40 0 0.5 05-May-09 X

Off-site Soil Area 101 OFS-101 OFS-101-S-80 0 0.5 05-May-09 X

Off-site Soil Area 102 OFS-102-1 OFS-102-1 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-1 OFS-102-1-A 0.8 1 15-Sep-08 X

Off-site Soil Area 102 OFS-102-2 OFS-102-2 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-3 OFS-102-3 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-3 OFS-102-3-D 0 0.2 Dup 15-Sep-08 X

Off-site Soil Area 102 OFS-102-4 OFS-102-4 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-5 OFS-102-5 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-6 OFS-102-6 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-7 OFS-102-7 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-8 OFS-102-8 0 0.2 15-Sep-08 X

Off-site Soil Area 102 OFS-102-9 OFS-102-9 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-1 OFS-103-1 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-2 OFS-103-2 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-3 OFS-103-3 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-4 OFS-103-4 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-4 OFS-103-4-A 0.8 1 15-Sep-08 X

Off-site Soil Area 103 OFS-103-5 OFS-103-5 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-5 OFS-103-5-D 0 0.2 Dup 15-Sep-08 X

Off-site Soil Area 103 OFS-103-6 OFS-103-6 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-7 OFS-103-7 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-8 OFS-103-8 0 0.2 15-Sep-08 X

Off-site Soil Area 103 OFS-103-9 OFS-103-9 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-1 OFS-104-1 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-1 OFS-104-1-A 0.8 1 15-Sep-08 X

Off-site Soil Area 104 OFS-104-1 OFS-104-1-D 0 0.2 Dup 15-Sep-08 X

Off-site Soil Area 104 OFS-104-2 OFS-104-2 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-3 OFS-104-3 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-4 OFS-104-4 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-5 OFS-104-5 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-6 OFS-104-6 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-7 OFS-104-7 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-8 OFS-104-8 0 0.2 15-Sep-08 X

Off-site Soil Area 104 OFS-104-9 OFS-104-9 0 0.2 15-Sep-08 X
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Off-site Soil Area 105 OFS-105-1 OFS-105-1 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-2 OFS-105-2 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-3 OFS-105-3 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-3 OFS-105-3-A 0.8 1 15-Sep-08 X

Off-site Soil Area 105 OFS-105-4 OFS-105-4 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-4 OFS-105-4-D 0 0.2 Dup 15-Sep-08 X

Off-site Soil Area 105 OFS-105-5 OFS-105-5 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-6 OFS-105-6 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-7 OFS-105-7 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-8 OFS-105-8 0 0.2 15-Sep-08 X

Off-site Soil Area 105 OFS-105-9 OFS-105-9 0 0.2 15-Sep-08 X

Off-site Soil Area 106 OFS-106-1 OFS-106-1 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-1 OFS-106-1-A 0.8 1 16-Sep-08 X

Off-site Soil Area 106 OFS-106-2 OFS-106-2 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-3 OFS-106-3 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-3 OFS-106-3-D 0 0.2 Dup 16-Sep-08 X

Off-site Soil Area 106 OFS-106-4 OFS-106-4 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-5 OFS-106-5 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-6 OFS-106-6 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-7 OFS-106-7 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-8 OFS-106-8 0 0.2 16-Sep-08 X

Off-site Soil Area 106 OFS-106-9 OFS-106-9 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-1 OFS-107-1 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-1 OFS-107-1-A 0.8 1 16-Sep-08 X

Off-site Soil Area 107 OFS-107-2 OFS-107-2 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-2 OFS-107-2-D 0 0.2 Dup 16-Sep-08 X

Off-site Soil Area 107 OFS-107-3 OFS-107-3 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-4 OFS-107-4 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-5 OFS-107-5 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-6 OFS-107-6 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-7 OFS-107-7 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-8 OFS-107-8 0 0.2 16-Sep-08 X

Off-site Soil Area 107 OFS-107-9 OFS-107-9 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-1 OFS-108-1 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-2 OFS-108-2 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-2 OFS-108-2-A 0.8 1 16-Sep-08 X

Off-site Soil Area 108 OFS-108-3 OFS-108-3 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-4 OFS-108-4 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-5 OFS-108-5 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-6 OFS-108-6 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-7 OFS-108-7 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-8 OFS-108-8 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-9 OFS-108-9 0 0.2 16-Sep-08 X

Off-site Soil Area 108 OFS-108-9 OFS-108-9-D 0 0.2 Dup 16-Sep-08 X

Off-site Soil Area 109 OFS-109-1 OFS-109-1 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-1 OFS-109-1-A 0.8 1 16-Sep-08 X

Off-site Soil Area 109 OFS-109-2 OFS-109-2 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-3 OFS-109-3 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-4 OFS-109-4 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-5 OFS-109-5 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-5 OFS-109-5-D 0 0.2 Dup 16-Sep-08 X

Off-site Soil Area 109 OFS-109-6 OFS-109-6 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-7 OFS-109-7 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-8 OFS-109-8 0 0.2 16-Sep-08 X

Off-site Soil Area 109 OFS-109-9 OFS-109-9 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-1 OFS-110-1 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-2 OFS-110-2 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-3 OFS-110-3 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-3 OFS-110-3-A 0.8 1 16-Sep-08 X

Off-site Soil Area 110 OFS-110-4 OFS-110-4 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-5 OFS-110-5 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-6 OFS-110-6 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-7 OFS-110-7 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-7 OFS-110-7-D 0 0.2 Dup 16-Sep-08 X

Off-site Soil Area 110 OFS-110-8 OFS-110-8 0 0.2 16-Sep-08 X

Off-site Soil Area 110 OFS-110-9 OFS-110-9 0 0.2 16-Sep-08 X
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Off-site Soil Area 111 OFS-111-1 OFS-111-1 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-1 OFS-111-1-A 0.8 1 16-Sep-08 X

Off-site Soil Area 111 OFS-111-2 OFS-111-2 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-3 OFS-111-3 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-4 OFS-111-4 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-5 OFS-111-5 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-6 OFS-111-6 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-7 OFS-111-7 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-8 OFS-111-8 0 0.2 16-Sep-08 X

Off-site Soil Area 111 OFS-111-8 OFS-111-8-D 0 0.2 Dup 16-Sep-08 X

Off-site Soil Area 111 OFS-111-9 OFS-111-9 0 0.2 16-Sep-08 X

Off-site Soil Area 112 OFS-112-1 OFS-112-1 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-1 OFS-112-1-A 0.8 1 17-Sep-08 X

Off-site Soil Area 112 OFS-112-1 OFS-112-1-D 0 0.2 Dup 17-Sep-08 X

Off-site Soil Area 112 OFS-112-2 OFS-112-2 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-3 OFS-112-3 0 0.2 17-Sep-08 X X X X

Off-site Soil Area 112 OFS-112-4 OFS-112-4 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-5 OFS-112-5 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-6 OFS-112-6 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-7 OFS-112-7 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-8 OFS-112-8 0 0.2 17-Sep-08 X

Off-site Soil Area 112 OFS-112-9 OFS-112-9 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-1 OFS-113-1 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-1 OFS-113-1-D 0 0.2 Dup 17-Sep-08 X

Off-site Soil Area 113 OFS-113-2 OFS-113-2 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-3 OFS-113-3 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-4 OFS-113-4 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-5 OFS-113-5 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-6 OFS-113-6 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-6 OFS-113-6-A 0.8 1 17-Sep-08 X

Off-site Soil Area 113 OFS-113-7 OFS-113-7 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-8 OFS-113-8 0 0.2 17-Sep-08 X

Off-site Soil Area 113 OFS-113-9 OFS-113-9 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-1 OFS-114-1 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-1 OFS-114-1-A 0.8 1 17-Sep-08 X

Off-site Soil Area 114 OFS-114-1 OFS-114-1-D 0 0.2 Dup 17-Sep-08 X

Off-site Soil Area 114 OFS-114-2 OFS-114-2 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-3 OFS-114-3 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-4 OFS-114-4 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-5 OFS-114-5 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-6 OFS-114-6 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-7 OFS-114-7 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-8 OFS-114-8 0 0.2 17-Sep-08 X

Off-site Soil Area 114 OFS-114-9 OFS-114-9 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-1 OFS-115-1 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-1 OFS-115-1-A 0.8 1 17-Sep-08 X

Off-site Soil Area 115 OFS-115-1 OFS-115-1-D 0 0.2 Dup 17-Sep-08 X

Off-site Soil Area 115 OFS-115-2 OFS-115-2 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-3 OFS-115-3 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-4 OFS-115-4 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-5 OFS-115-5 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-6 OFS-115-6 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-7 OFS-115-7 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-8 OFS-115-8 0 0.2 17-Sep-08 X

Off-site Soil Area 115 OFS-115-9 OFS-115-9 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-1 OFS-116-1 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-1 OFS-116-1-A 0.8 1 17-Sep-08 X

Off-site Soil Area 116 OFS-116-1 OFS-116-1-D 0 0.2 Dup 17-Sep-08 X

Off-site Soil Area 116 OFS-116-2 OFS-116-2 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-3 OFS-116-3 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-4 OFS-116-4 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-5 OFS-116-5 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-6 OFS-116-6 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-7 OFS-116-7 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-8 OFS-116-8 0 0.2 17-Sep-08 X

Off-site Soil Area 116 OFS-116-9 OFS-116-9 0 0.2 17-Sep-08 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 117 OFS-117-1 OFS-117-1 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-1 OFS-117-1-A 0.8 1 17-Sep-08 X

Off-site Soil Area 117 OFS-117-1 OFS-117-1-D 0 0.2 Dup 17-Sep-08 X

Off-site Soil Area 117 OFS-117-2 OFS-117-2 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-3 OFS-117-3 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-4 OFS-117-4 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-5 OFS-117-5 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-6 OFS-117-6 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-7 OFS-117-7 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-8 OFS-117-8 0 0.2 17-Sep-08 X

Off-site Soil Area 117 OFS-117-9 OFS-117-9 0 0.2 17-Sep-08 X

Off-site Soil Area 118 OFS-118-1 OFS-118-1 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-1 OFS-118-1-A 0.8 1 18-Sep-08 X

Off-site Soil Area 118 OFS-118-2 OFS-118-2 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-3 OFS-118-3 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-4 OFS-118-4 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-5 OFS-118-5 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-6 OFS-118-6 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-7 OFS-118-7 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-8 OFS-118-8 0 0.2 18-Sep-08 X

Off-site Soil Area 118 OFS-118-8 OFS-118-8-D 0 0.2 Dup 18-Sep-08 X

Off-site Soil Area 118 OFS-118-9 OFS-118-9 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-1 OFS-119-1 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-1 OFS-119-1-A 0.8 1 18-Sep-08 X

Off-site Soil Area 119 OFS-119-2 OFS-119-2 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-3 OFS-119-3 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-4 OFS-119-4 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-5 OFS-119-5 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-6 OFS-119-6 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-6 OFS-119-6-D 0 0.2 Dup 18-Sep-08 X

Off-site Soil Area 119 OFS-119-7 OFS-119-7 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-8 OFS-119-8 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-9 OFS-119-9 0 0.2 18-Sep-08 X

Off-site Soil Area 119 OFS-119-9 OFS-119-9-D 0 0.2 Dup 18-Sep-08 X

Off-site Soil Area 120 OFS-120-1 OFS-120-1 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-2 OFS-120-2 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-3 OFS-120-3 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-4 OFS-120-4 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-5 OFS-120-5 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-5 OFS-120-5-D 0 0.2 Dup 18-Sep-08 X

Off-site Soil Area 120 OFS-120-6 OFS-120-6 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-7 OFS-120-7 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-7 OFS-120-7-A 0.8 1 18-Sep-08 X

Off-site Soil Area 120 OFS-120-8 OFS-120-8 0 0.2 18-Sep-08 X

Off-site Soil Area 120 OFS-120-9 OFS-120-9 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-1 OFS-121-1 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-2 OFS-121-2 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-3 OFS-121-3 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-3 OFS-121-3-A 0.8 1 18-Sep-08 X

Off-site Soil Area 121 OFS-121-4 OFS-121-4 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-5 OFS-121-5 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-6 OFS-121-6 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-7 OFS-121-7 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-7 OFS-121-7-D 0 0.2 Dup 18-Sep-08 X

Off-site Soil Area 121 OFS-121-8 OFS-121-8 0 0.2 18-Sep-08 X

Off-site Soil Area 121 OFS-121-9 OFS-121-9 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-1 OFS-122-1 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-2 OFS-122-2 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-2 OFS-122-2-A 0.8 1 18-Sep-08 X

Off-site Soil Area 122 OFS-122-3 OFS-122-3 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-4 OFS-122-4 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-5 OFS-122-5 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-6 OFS-122-6 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-7 OFS-122-7 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-8 OFS-122-8 0 0.2 18-Sep-08 X

Off-site Soil Area 122 OFS-122-8 OFS-122-8-D 0 0.2 Dup 18-Sep-08 X

Off-site Soil Area 122 OFS-122-9 OFS-122-9 0 0.2 18-Sep-08 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 123 OFS-123-1 OFS-123-1 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-2 OFS-123-2 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-3 OFS-123-3 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-4 OFS-123-4 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-4 OFS-123-4-A 0.8 1 19-Sep-08 X

Off-site Soil Area 123 OFS-123-4 OFS-123-4-D 0 0.2 Dup 19-Sep-08 X

Off-site Soil Area 123 OFS-123-5 OFS-123-5 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-5 OFS-123-5-D 0 0.2 Dup 19-Sep-08 X

Off-site Soil Area 123 OFS-123-6 OFS-123-6 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-7 OFS-123-7 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-8 OFS-123-8 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-9 OFS-123-9 0 0.2 19-Sep-08 X

Off-site Soil Area 123 OFS-123-9 OFS-123-9-D 0 0.2 Dup 19-Sep-08 X

Off-site Soil Area 124 OFS-124-1 OFS-124-1 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-1 OFS-124-1-A 0.8 1 19-Sep-08 X

Off-site Soil Area 124 OFS-124-2 OFS-124-2 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-3 OFS-124-3 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-4 OFS-124-4 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-5 OFS-124-5 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-6 OFS-124-6 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-7 OFS-124-7 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-8 OFS-124-8 0 0.2 19-Sep-08 X

Off-site Soil Area 124 OFS-124-8 OFS-124-8-D 0 0.2 Dup 19-Sep-08 X

Off-site Soil Area 124 OFS-124-9 OFS-124-9 0 0.2 19-Sep-08 X

Off-site Soil Area 125 OFS-125-1 OFS-125-1 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-2 OFS-125-2 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-2 OFS-125-2-D 0 0.2 Dup 20-Sep-08 X

Off-site Soil Area 125 OFS-125-3 OFS-125-3 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-4 OFS-125-4 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-5 OFS-125-5 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-6 OFS-125-6 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-7 OFS-125-7 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-7 OFS-125-7-A 0.8 1 20-Sep-08 X

Off-site Soil Area 125 OFS-125-8 OFS-125-8 0 0.2 20-Sep-08 X

Off-site Soil Area 125 OFS-125-8 OFS-125-8-D 0 0.2 Dup 20-Sep-08 X

Off-site Soil Area 125 OFS-125-9 OFS-125-9 0 0.2 20-Sep-08 X

Off-site Soil Area 126 OFS-126-1 OFS-126-1 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-2 OFS-126-2 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-3 OFS-126-3 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-3 OFS-126-3-D 0 0.2 Dup 29-Sep-08 X

Off-site Soil Area 126 OFS-126-4 OFS-126-4 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-5 OFS-126-5 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-6 OFS-126-6 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-7 OFS-126-7 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-8 OFS-126-8 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-9 OFS-126-9 0 0.2 29-Sep-08 X

Off-site Soil Area 126 OFS-126-9 OFS-126-9-A 0.8 1 29-Sep-08 X

Off-site Soil Area 127 OFS-127-1 OFS-127-1 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-2 OFS-127-2 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-3 OFS-127-3 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-4 OFS-127-4 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-5 OFS-127-5 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-6 OFS-127-6 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-7 OFS-127-7 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-8 OFS-127-8 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-9 OFS-127-9 0 0.2 27-Apr-09 X

Off-site Soil Area 127 OFS-127-9 OFS-127-9-A 0.8 1 27-Apr-09 X

Off-site Soil Area 127 OFS-127-1 OFS-927-1 0 0.2 Dup 27-Apr-09 X

Off-site Soil Area 128 OFS-128-1 OFS-128-1 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-1 OFS-128-1-A 0.8 1 27-Apr-09 X

Off-site Soil Area 128 OFS-128-2 OFS-128-2 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-3 OFS-128-3 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-4 OFS-128-4 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-5 OFS-128-5 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-6 OFS-128-6 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-7 OFS-128-7 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-8 OFS-128-8 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-9 OFS-128-9 0 0.2 27-Apr-09 X

Off-site Soil Area 128 OFS-128-3 OFS-928-3 0 0.2 Dup 27-Apr-09 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation
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Off-site Soil Area 129 OFS-129-1 OFS-129-1 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-2 OFS-129-2 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-3 OFS-129-3 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-4 OFS-129-4 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-5 OFS-129-5 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-6 OFS-129-6 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-7 OFS-129-7 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-8 OFS-129-8 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-9 OFS-129-9 0 0.2 27-Apr-09 X

Off-site Soil Area 129 OFS-129-9 OFS-129-9-A 0.8 1 27-Apr-09 X

Off-site Soil Area 130 OFS-130-1 OFS-130-1 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-1 OFS-130-1-A 0.8 1 29-Apr-09 X

Off-site Soil Area 130 OFS-130-2 OFS-130-2 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-3 OFS-130-3 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-4 OFS-130-4 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-5 OFS-130-5 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-6 OFS-130-6 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-7 OFS-130-7 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-8 OFS-130-8 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-9 OFS-130-9 0 0.2 29-Apr-09 X

Off-site Soil Area 130 OFS-130-3 OFS-930-3 0 0.2 Dup 29-Apr-09 X

Off-site Soil Area 131 OFS-131-1 OFS-131-1 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-2 OFS-131-2 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-3 OFS-131-3 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-3 OFS-131-3-A 0.8 1 30-Apr-09 X

Off-site Soil Area 131 OFS-131-4 OFS-131-4 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-5 OFS-131-5 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-6 OFS-131-6 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-7 OFS-131-7 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-8 OFS-131-8 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-9 OFS-131-9 0 0.2 30-Apr-09 X

Off-site Soil Area 131 OFS-131-9 OFS-931-9 0 0.2 Dup 30-Apr-09 X

Off-site Soil Area 132 OFS-132-1 OFS-132-1 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-2 OFS-132-2 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-3 OFS-132-3 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-4 OFS-132-4 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-5 OFS-132-5 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-6 OFS-132-6 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-7 OFS-132-7 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-7 OFS-132-7-A 0.8 1 01-May-09 X

Off-site Soil Area 132 OFS-132-8 OFS-132-8 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-9 OFS-132-9 0 0.2 01-May-09 X

Off-site Soil Area 132 OFS-132-1 OFS-932-1 0 0.2 Dup 01-May-09 X

Off-site Soil Area 133 OFS-133-1 OFS-133-1 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-2 OFS-133-2 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-3 OFS-133-3 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-4 OFS-133-4 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-5 OFS-133-5 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-6 OFS-133-6 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-7 OFS-133-7 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-8 OFS-133-8 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-9 OFS-133-9 0 0.2 01-May-09 X

Off-site Soil Area 133 OFS-133-9 OFS-133-9-A 0.8 1 01-May-09 X

Off-site Soil Area 133 OFS-133-1 OFS-933-1 0 0.2 Dup 01-May-09 X

Off-site Soil Area 134 OFS-134-1 OFS-134-1 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-1 OFS-134-1-A 0.8 1 01-May-09 X

Off-site Soil Area 134 OFS-134-2 OFS-134-2 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-3 OFS-134-3 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-4 OFS-134-4 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-5 OFS-134-5 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-6 OFS-134-6 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-7 OFS-134-7 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-8 OFS-134-8 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-9 OFS-134-9 0 0.2 01-May-09 X

Off-site Soil Area 134 OFS-134-1 OFS-934-1 0 0.2 Dup 01-May-09 X

Page 13 of 16



Table 2-2
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Off-site Soil Area 135 OFS-135-1 OFS-135-1 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-1 OFS-135-1-A 0.8 1 01-May-09 X

Off-site Soil Area 135 OFS-135-2 OFS-135-2 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-3 OFS-135-3 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-4 OFS-135-4 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-5 OFS-135-5 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-6 OFS-135-6 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-7 OFS-135-7 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-8 OFS-135-8 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-9 OFS-135-9 0 0.2 01-May-09 X

Off-site Soil Area 135 OFS-135-1 OFS-935-1 0 0.2 Dup 01-May-09 X

Off-site Soil Area 136 OFS-136-1 OFS-136-1 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-2 OFS-136-2 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-3 OFS-136-3 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-4 OFS-136-4 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-5 OFS-136-5 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-6 OFS-136-6 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-7 OFS-136-7 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-8 OFS-136-8 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-9 OFS-136-9 0 0.2 01-May-09 X

Off-site Soil Area 136 OFS-136-2 OFS-936-2 0 0.2 Dup 01-May-09 X

Off-site Soil Area 137 OFS-137-1 OFS-137-1 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-1 OFS-137-1-A 0.8 1 01-May-09 X

Off-site Soil Area 137 OFS-137-2 OFS-137-2 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-3 OFS-137-3 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-4 OFS-137-4 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-5 OFS-137-5 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-6 OFS-137-6 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-7 OFS-137-7 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-8 OFS-137-8 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-9 OFS-137-9 0 0.2 01-May-09 X

Off-site Soil Area 137 OFS-137-1 OFS-937-1 0 0.2 Dup 01-May-09 X

Off-site Soil Area 138 OFS-138-1 OFS-138-1 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-2 OFS-138-2 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-3 OFS-138-3 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-4 OFS-138-4 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-5 OFS-138-5 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-5 OFS-138-5-A 0.8 1 01-May-09 X

Off-site Soil Area 138 OFS-138-6 OFS-138-6 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-7 OFS-138-7 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-8 OFS-138-8 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-9 OFS-138-9 0 0.2 01-May-09 X

Off-site Soil Area 138 OFS-138-4 OFS-938-4 0 0.2 Dup 01-May-09 X

Off-site Soil Area 139 OFS-139-1 OFS-139-1 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-1 OFS-139-1-A 0.8 1 01-May-09 X

Off-site Soil Area 139 OFS-139-2 OFS-139-2 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-3 OFS-139-3 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-4 OFS-139-4 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-5 OFS-139-5 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-6 OFS-139-6 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-7 OFS-139-7 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-8 OFS-139-8 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-9 OFS-139-9 0 0.2 01-May-09 X

Off-site Soil Area 139 OFS-139-1 OFS-939-1 0 0.2 Dup 01-May-09 X

Off-site Soil Area 140 OFS-140-1 OFS-140-1 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-1 OFS-140-1-A 0.8 1 01-May-09 X

Off-site Soil Area 140 OFS-140-2 OFS-140-2 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-3 OFS-140-3 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-4 OFS-140-4 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-5 OFS-140-5 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-6 OFS-140-6 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-7 OFS-140-7 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-8 OFS-140-8 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-9 OFS-140-9 0 0.2 01-May-09 X

Off-site Soil Area 140 OFS-140-1 OFS-940-1 0 0.2 Dup 01-May-09 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 141 OFS-141-1 OFS-141-1 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-2 OFS-141-2 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-3 OFS-141-3 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-4 OFS-141-4 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-5 OFS-141-5 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-6 OFS-141-6 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-7 OFS-141-7 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-7 OFS-141-7-A 0.8 1 01-May-09 X

Off-site Soil Area 141 OFS-141-8 OFS-141-8 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-9 OFS-141-9 0 0.2 01-May-09 X

Off-site Soil Area 141 OFS-141-6 OFS-941-6 0 0.2 Dup 01-May-09 X

Off-site Soil Area 142 OFS-142-1 OFS-142-1 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-2 OFS-142-2 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-2 OFS-142-2-A 0.8 1 02-May-09 X

Off-site Soil Area 142 OFS-142-3 OFS-142-3 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-4 OFS-142-4 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-5 OFS-142-5 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-6 OFS-142-6 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-7 OFS-142-7 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-8 OFS-142-8 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-9 OFS-142-9 0 0.2 02-May-09 X

Off-site Soil Area 142 OFS-142-1 OFS-942-1 0 0.2 Dup 02-May-09 X

Off-site Soil Area 143 OFS-143-1 OFS-143-1 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-1-A OFS-143-1-A 0.8 1 02-May-09 X

Off-site Soil Area 143 OFS-143-2 OFS-143-2 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-3 OFS-143-3 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-4 OFS-143-4 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-5 OFS-143-5 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-6 OFS-143-6 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-7 OFS-143-7 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-8 OFS-143-8 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-9 OFS-143-9 0 0.2 02-May-09 X

Off-site Soil Area 143 OFS-143-1 OFS-943-1 0 0.2 Dup 02-May-09 X

Off-site Soil Area 144 OFS-144-1 OFS-144-1 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-2 OFS-144-2 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-3 OFS-144-3 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-4 OFS-144-4 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-5 OFS-144-5 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-6 OFS-144-6 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-7 OFS-144-7 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-7 OFS-144-7-A 0.8 1 02-May-09 X

Off-site Soil Area 144 OFS-144-8 OFS-144-8 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-9 OFS-144-9 0 0.2 02-May-09 X

Off-site Soil Area 144 OFS-144-1 OFS-944-1 0 0.2 Dup 02-May-09 X

Off-site Soil Area 145 OFS-145-1 OFS-145-1 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-1 OFS-145-1-A 0.8 1 02-May-09 X

Off-site Soil Area 145 OFS-145-2 OFS-145-2 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-3 OFS-145-3 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-4 OFS-145-4 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-5 OFS-145-5 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-6 OFS-145-6 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-7 OFS-145-7 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-8 OFS-145-8 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-9 OFS-145-9 0 0.2 02-May-09 X

Off-site Soil Area 145 OFS-145-1 OFS-945-1 0 0.2 Dup 02-May-09 X

Off-site Soil Area 146 OFS-146 OFS-146-0-0_5 0 0.5 05-May-09 X X

Off-site Soil Area 146 OFS-146-1 OFS-146-1 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-1 OFS-146-1-A 0.8 1 05-May-09 X

Off-site Soil Area 146 OFS-146-2 OFS-146-2 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-3 OFS-146-3 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-4 OFS-146-4 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-5 OFS-146-5 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-6 OFS-146-6 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-7 OFS-146-7 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-8 OFS-146-8 0 0.2 05-May-09 X

Off-site Soil Area 146 OFS-146-9 OFS-146-9 0 0.2 05-May-09 X
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Table 2-2
Surface Soil and Sediment Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals

Chromium
VI VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Dioxins/
Furans ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 146 OFS-146 OFS-146-S-10 0 0.5 05-May-09 X

Off-site Soil Area 146 OFS-146 OFS-146-S-200 0 0.5 05-May-09 X

Off-site Soil Area 146 OFS-146 OFS-146-S-3_8 0 0.5 05-May-09 X

Off-site Soil Area 146 OFS-146 OFS-146-S-40 0 0.5 05-May-09 X

Off-site Soil Area 146 OFS-146 OFS-146-S-80 0 0.5 05-May-09 X

Off-site Soil Area 146 OFS-146-1 OFS-946-1 0 0.2 Dup 05-May-09 X

Off-site Soil Area 146 OFS-146 OFS-946-S-40 0 0.5 Dup 05-May-09 X

Off-site Soil Area 147 OFS-147-1 OFS-147-1 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-1 OFS-147-1-A 0.8 1 17-Aug-09 X

Off-site Soil Area 147 OFS-147-2 OFS-147-2 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-3 OFS-147-3 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-4 OFS-147-4 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-5 OFS-147-5 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-6 OFS-147-6 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-7 OFS-147-7 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-8 OFS-147-8 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-9 OFS-147-9 0 0.2 17-Aug-09 X

Off-site Soil Area 147 OFS-147-1 OFS-947-1 0 0.2 Dup 17-Aug-09 X

Off-site Soil Area 148 OFS-148-1 OFS-148-1 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-1 OFS-148-1-A 0.8 1 11-Oct-09 X

Off-site Soil Area 148 OFS-148-2 OFS-148-2 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-3 OFS-148-3 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-4 OFS-148-4 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-5 OFS-148-5 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-6 OFS-148-6 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-7 OFS-148-7 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-8 OFS-148-8 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-9 OFS-148-9 0 0.2 11-Oct-09 X

Off-site Soil Area 148 OFS-148-1 OFS-948-1 0 0.2 Dup 11-Oct-09 X

Upper Chaparral Gulch IKJ-556 IKJ-556-0-6 0 0.5 25-Sep-08 X

Upper Chaparral Gulch IKJ-557 IKJ-557-0-6 0 0.5 25-Sep-08 X

Upper Chaparral Gulch IKJ-572 IKJ-572-0-0_5 0 0.5 28-Apr-09 X

Upper Chaparral Gulch IKV-128 IKV-128-0-2 0 2 07-Sep-08 X

Upper Chaparral Gulch IKV-129 IKV-129-0-2 0 2 07-Sep-08 X

Upper Chaparral Gulch CG-2 SD-CG-2 0 0.5 07-Sep-08 X

Upper Chaparral Gulch CG-2 SD-CG-2-D 0 0.5 Dup 07-Sep-08 X

Upper Chaparral Gulch CG-4 SD-CG-4 0 0.5 07-Sep-08 X

Upper Chaparral Gulch CG-5 SD-CG-5 0 0.5 16-Aug-08 X

Upper Chaparral Gulch CG-6 SD-CG-6 0 0.5 11-Sep-08 X X X X

Upper Chaparral Gulch CG-7 SD-CG-7 0 0.5 16-Aug-08 X

Upper Chaparral Gulch CG-9 SD-CG-9 0 0.5 16-Aug-08 X

Upper Chaparral Gulch OW-1 SD-OW-1 0 0.5 26-Aug-08 X

Upper Chaparral Gulch OW-10 SD-OW-10 0 0.5 08-Sep-08 X X X

Upper Chaparral Gulch OW-11 SD-OW-11 0 0.5 16-Aug-08 X

Upper Chaparral Gulch OW-12 SD-OW-12 0 0.5 02-Sep-08 X

Upper Chaparral Gulch OW-12 SD-OW-12-D 0 0.5 Dup 02-Sep-08 X

Upper Chaparral Gulch OW-2 SD-OW-2 0 0.5 26-Aug-08 X

Upper Chaparral Gulch OW-3 SD-OW-3 0 0.5 26-Aug-08 X X X

Upper Chaparral Gulch OW-31 SD-OW-31 0 0.5 28-Apr-09 X

Upper Chaparral Gulch OW-32 SD-OW-32 0 0.5 28-Apr-09 X

Upper Chaparral Gulch OW-33 SD-OW-33 0 0.5 28-Apr-09 X

Upper Chaparral Gulch OW-4 SD-OW-4 0 0.5 26-Aug-08 X

Upper Chaparral Gulch OW-5 SD-OW-5 0 0.5 08-Sep-08 X

Upper Chaparral Gulch OW-5 SD-OW-5-D 0 0.5 Dup 08-Sep-08 X

Upper Chaparral Gulch OW-6 SD-OW-6 0 0.5 02-Sep-08 X

Upper Chaparral Gulch OW-7 SD-OW-7 0 0.5 08-Sep-08 X X X

Upper Chaparral Gulch OW-8 SD-OW-8 0 0.5 08-Sep-08 X

Upper Chaparral Gulch OW-9 SD-OW-9 0 0.5 08-Sep-08 X

Notes:
Dup = Duplicate sample

VOC = Volatile organic compound

SVOC = Semi-volatile organic compound

PCB = Polychlorinated biphenyl

SPLP = Synthetic Precipitation Leaching Procedure

ABA = Acid base accounting
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Table 2-3
Sub-Surface Soil Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID

Start
Depth
(Feet)

End
Depth
(Feet)

Duplicate
Sample

Sample
Date Metals VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Nitrate-
Nitrite-
Sulfate

Humboldt Smelter Ash Pile HSJ-504 HSJ-504-4-7 4 7 09-Sep-08 X X X X X

Humboldt Smelter Ash Pile HSJ-504 HSJ-504-4-7-D 4 7 Dup 09-Sep-08 X X

Humboldt Smelter Ash Pile HSJ-505 HSJ-505-4-7 4 7 27-Aug-08 X

Humboldt Smelter Ash Pile HSJ-508 HSJ-508-4-7 4 7 28-Aug-08 X

Humboldt Smelter Ash Pile HSJ-508 HSJ-508-4-7-D 4 7 Dup 28-Aug-08 X

Humboldt Smelter Ash Pile HSJ-511 HSJ-511-4-7 4 7 03-Sep-08 X X X X

Humboldt Smelter Ash Pile HSJ-512 HSJ-512-4-7 4 7 03-Sep-08 X

Humboldt Smelter Ash Pile HSJ-515 HSJ-515-4-7 4 7 27-Aug-08 X X X

Humboldt Smelter Ash Pile HSJ-516 HSJ-516-4-7 4 7 26-Aug-08 X

Humboldt Smelter Ash Pile HSJ-517 HSJ-517-4-7 4 7 26-Aug-08 X

Humboldt Smelter Ash Pile HSJ-521 HSJ-521-4-7 4 7 05-Sep-08 X X X X

Humboldt Smelter Ash Pile HSJ-522 HSJ-522-4-7 4 7 05-Sep-08 X X

Humboldt Smelter Ash Pile HSJ-538 HSJ-538-4-7 4 7 23-Aug-08 X

Humboldt Smelter Ash Pile HSV-118 HSV-118-4-7 4 7 28-Aug-08 X

Humboldt Smelter Ash Pile HSV-119 HSV-119-4-7 4 7 27-Aug-08 X

Humboldt Smelter Ash Pile HSV-120 HSV-120-4-7 4 7 26-Aug-08 X

Humboldt Smelter Ash Pile HSV-121 HSV-121-4-7 4 7 27-Aug-08 X

Humboldt Smelter Operations Area HSJ-525 HSJ-525-4-7 4 7 28-Aug-08 X X X X X X

Humboldt Smelter Operations Area HSJ-527 HSJ-527-4-7 4 7 28-Aug-08 X X X X

Humboldt Smelter Operations Area HSJ-527 HSJ-527-6-7 6 7 28-Aug-08 X X X X X X

Humboldt Smelter Operations Area HSJ-528 HSJ-528-4-7 4 7 28-Aug-08 X

Humboldt Smelter Operations Area HSJ-532 HSJ-532-4-7 4 7 28-Aug-08 X X

Humboldt Smelter Operations Area HSJ-532 HSJ-532-4-7-D 4 7 28-Aug-08 X

Humboldt Smelter Operations Area HSJ-540 HSJ-540-2_5-4 2.5 4 27-Aug-08 X X

Humboldt Smelter Operations Area HSV-111 HSV-111-4-7 4 7 27-Aug-08 X

Humboldt Smelter Slag HSJ-507 HSJ-507-4-7 4 7 27-Aug-08 X X X X

Humboldt Smelter Slag HSV-109 HSV-109-4-7 4 7 03-Sep-08 X

Humboldt Smelter Tailings Pile HSJ-501 HSJ-501-4-7 4 7 04-Sep-08 X X X X X

Humboldt Smelter Tailings Pile HSJ-502 HSJ-502-4-7 4 7 05-Sep-08 X

Humboldt Smelter Tailings Pile HSV-107 HSV-107-4-7 4 7 05-Sep-08 X

Humboldt Smelter Tailings Pile HSV-117 HSV-117-4-7 4 7 10-Sep-08 X

Iron King Mine Former Fertilizer Plant IKJ-522 IKJ-522-4-7 4 7 22-Aug-08 X X X X X X X

Iron King Mine Former Fertilizer Plant IKV-135 IKV-135-4-7 4 7 22-Aug-08 X X X X X

Iron King Mine Former Fertilizer Plant IKV-136 IKV-136-4-7 4 7 22-Aug-08 X X

Iron King Mine Former Fertilizer Plant IKV-137 IKV-137-4-7 4 7 22-Aug-08 X X X X X X

Iron King Mine Glory Hole IKJ-511 IKJ-511-4-6_5 4 6.5 06-Sep-08 X

Iron King Mine Glory Hole IKV-130 IKV-130-4-7 4 7 06-Sep-08 X

Iron King Mine Glory Hole IKV-132 IKV-132-4-7 4 7 06-Sep-08 X

Iron King Mine Glory Hole IKV-132 IKV-132-4-7 4 7 09-Sep-08 X

Iron King Mine Glory Hole IKV-132 IKV-1324-7-D 4 7 09-Sep-08 X

Iron King Mine Glory Hole IKV-132 IKV-132-5_5-5_7 5.5 5.7 09-Sep-08 X

Iron King Mine Glory Hole IKV-132 IKV-132-5-5_3 5 5.3 09-Sep-08 X

Iron King Mine Glory Hole IKV-134 IKV-134-4-7 4 7 06-Sep-08 X

Iron King Mine Main Tailings Pile IKJ-525 IKJ-525-4-7 4 7 20-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-526 IKJ-526-4-7 4 7 19-Aug-08 X
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Table 2-3
Sub-Surface Soil Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID

Start
Depth
(Feet)

End
Depth
(Feet)

Duplicate
Sample

Sample
Date Metals VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate Asbestos

Nitrate-
Nitrite-
Sulfate

Iron King Mine Main Tailings Pile IKJ-527 IKJ-527-4-7 4 7 19-Aug-08 X

Iron King Mine Main Tailings Pile IKV-102 IKV-102-4-7 4 7 18-Aug-08 X

Iron King Mine Main Tailings Pile IKV-104 IKV-104-4-7 4 7 20-Aug-08 X X X

Iron King Mine Main Tailings Pile IKV-106 IKV-106-4-7 4 7 18-Aug-08 X

Iron King Mine Main Tailings Pile IKV-108 IKV-108-4-7 4 7 19-Aug-08 X

Iron King Mine Main Tailings Pile IKV-112 IKV-112-4-7 4 7 19-Aug-08 X

Iron King Mine Mine Plant IKJ-531 IKJ-531-4-7 4 7 18-Aug-08 X X X X X X X

Iron King Mine Mine Plant IKJ-532 IKJ-532-4-7 4 7 18-Aug-08 X X X X X X X

Iron King Mine Mine Plant IKJ-532 IKJ-532-4-7-D 4 7 Dup 18-Aug-08 X X X X X X

Iron King Mine Mine Plant IKJ-533 IKJ-533-4-7 4 7 19-Aug-08 X

Iron King Mine Mine Plant IKJ-534 IKJ-534-4-7 4 7 18-Aug-08 X

Iron King Mine Mine Plant IKJ-535 IKJ-535-4-7 4 7 18-Aug-08 X

Iron King Mine Mine Plant IKV-110 IKV-110-4-7 4 7 18-Aug-08 X

Iron King Mine Operations Area IKJ-502 IKJ-502-4-7 4 7 08-Sep-08 X X X

Iron King Mine Operations Area IKJ-503 IKJ-503-5-10 5 10 08-Sep-08 X X

Iron King Mine Operations Area IKJ-507 IKJ-507-4-7 4 7 07-Sep-08 X X

Iron King Mine Operations Area IKJ-512 IKJ-512-4-7 4 7 06-Sep-08 X

Iron King Mine Operations Area IKJ-515 IKJ-515-4-7 4 7 07-Sep-08 X

Iron King Mine Operations Area IKJ-540 IKJ-540-4-7 4 7 07-Sep-08 X

Iron King Mine Operations Area IKV-119 IKV-119-4-7 4 7 06-Sep-08 X

Iron King Mine Operations Area IKV-121 IKV-121-4-7 4 7 07-Sep-08 X X X X

Iron King Mine Operations Area IKV-123 IKV-123-4-7 4 7 06-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-513 IKJ-513-4-7 4 7 06-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-514 IKJ-514-4-7 4 7 06-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-542 IKJ-542-4-7 4 7 10-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKV-125 IKV-125-4-7 4 7 22-Aug-08 X

Iron King Mine Operations Area - Miscellaneous IKV-127 IKV-127-4-7 4 7 07-Sep-08 X X X X

Iron King Mine Small Tailings Pile IKJ-537 IKJ-537-4-7 4 7 21-Aug-08 X X X X

Iron King Mine Small Tailings Pile IKJ-538 IKJ-538-4-7 4 7 21-Aug-08 X

Iron King Mine Small Tailings Pile IKJ-539 IKJ-539-4-7 4 7 21-Aug-08 X

Iron King Mine Small Tailings Pile IKJ-582 IKJ-582-2-3 2 3 28-Apr-09 X

Iron King Mine Small Tailings Pile IKV-113 IKV-113-4-7 4 7 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-116 IKV-116-4-7 4 7 21-Aug-08 X

Iron King Mine Small Tailings Pile IKV-117 IKV-117-4-7 4 7 21-Aug-08 X

Lower Chaparral Gulch HSJ-534 HSJ-534-4-7 4 7 04-Sep-08 X

Lower Chaparral Gulch HSJ-535 HSJ-535-4-7 4 7 04-Sep-08 X

Lower Chaparral Gulch HSJ-536 HSJ-536-4-7 4 7 04-Sep-08 X

Lower Chaparral Gulch HSJ-548 HSJ-548-6-7 6 7 10-Sep-08 X

Lower Chaparral Gulch HSJ-549 HSJ-549-6-7 6 7 10-Sep-08 X

Lower Chaparral Gulch HSV-101 HSV-101-4-7 4 7 04-Sep-08 X

Lower Chaparral Gulch HSV-105 HSV-105-4-7 4 7 04-Sep-08 X

Lower Chaparral Gulch HSV-113 HSV-113-4-7 4 7 04-Sep-08 X

Lower Chaparral Gulch HSV-114 HSV-114-4-7 4 7 05-Sep-08 X

Lower Chaparral Gulch HSV-115 HSV-115-4-7 4 7 05-Sep-08 X

Lower Chaparral Gulch CG-22 SD-CG-22-2-3 2 3 02-May-09 X X

Lower Chaparral Gulch CG-22 SD-CG-22-7-8 7 8 02-May-09 X X X

Notes:
Dup = Duplicate sample

VOC = Volatile organic compound

SVOC = Semi-volatile organic compound

PCB = Polychlorinated biphenyl

SPLP = Synthetic Precipitation Leaching Procedure

Perc = Perchlorates
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Table 2-4
Deep Soil Data Collected During EPA RI Field Investigation

Sample Group Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals VOCs SVOCs

Pesticides-
PCBs pH SPLP Perclorate

Nitrate-
Nitrite-
Sulfate

Humboldt Smelter Ash Pile HSJ-538 HSJ-538-10-12 10 12 23-Aug-08 X

Iron King Mine Glory Hole IKV-131 IKV-131-10-11_3 10 11.3 08-Sep-08 X

Iron King Mine Glory Hole IKV-131 IKV-131-11_6-12_5 11.6 12.5 08-Sep-08 X X

Iron King Mine Glory Hole IKV-131 IKV-131-16_4-18_4 16.4 18.4 08-Sep-08 X X X

Iron King Mine Glory Hole IKV-133 IKV-133-10-10_5 10 10.5 09-Sep-08 X X

Iron King Mine Glory Hole IKV-133 IKV-133-11-11_8 11 11.8 09-Sep-08 X

Iron King Mine Glory Hole IKV-133 IKV-133-20-20_6 20 20.6 09-Sep-08 X

Iron King Mine Main Tailings Pile IKJ-525 IKJ-525-35-38 35 38 20-Aug-08 X X X X

Iron King Mine Main Tailings Pile IKJ-526 IKJ-526-39-40 39 40 19-Aug-08 X

Iron King Mine Main Tailings Pile IKJ-527 IKJ-527-35-40 35 40 19-Aug-08 X

Iron King Mine Operations Area IKJ-502 IKJ-502-11-13 11 13 08-Sep-08 X X X X X X X

Iron King Mine Operations Area IKJ-503 IKJ-503-18_5-19_5 18.5 19.5 08-Sep-08 X

Iron King Mine Operations Area IKJ-507 IKJ-507-15-17_3 15 17.3 07-Sep-08 X X X X

Iron King Mine Operations Area IKJ-508 IKJ-508-10_4-12_4 10.4 12.4 08-Sep-08 X

Iron King Mine Operations Area IKJ-508 IKJ-508-10_4-12_4-D 10.4 12.4 Dup 08-Sep-08 X

Iron King Mine Operations Area IKJ-508 IKJ-508-15-17 15 17 08-Sep-08 X

Iron King Mine Operations Area IKJ-508 IKJ-508-18-20 18 20 08-Sep-08 X

Iron King Mine Operations Area IKJ-509 IKJ-509-20-22 20 22 07-Sep-08 X X X X

Iron King Mine Operations Area IKJ-509 IKJ-509-23-25 23 25 07-Sep-08 X

Iron King Mine Operations Area IKJ-510 IKJ-510-13-13_6 13 13.6 08-Sep-08 X

Iron King Mine Operations Area IKJ-510 IKJ-510-16-17 16 17 08-Sep-08 X

Iron King Mine Operations Area IKJ-510 IKJ-510-18-19 18 19 08-Sep-08 X

Iron King Mine Operations Area IKJ-540 IKJ-540-15-17 15 17 07-Sep-08 X

Iron King Mine Operations Area - Miscellaneous IKJ-514 IKJ-514-10-15 10 15 06-Sep-08 X

Lower Chaparral Gulch HSJ-534 HSJ-534-19-20 19 20 04-Sep-08 X

Lower Chaparral Gulch HSJ-535 HSJ-535-26-27 26 27 04-Sep-08 X

Lower Chaparral Gulch HSJ-536 HSJ-536-22-24 22 24 04-Sep-08 X

Lower Chaparral Gulch HSJ-550 HSJ-550-10_5-11 10.5 11 11-Sep-08 X

Notes:
Dup = Duplicate sample

VOC = Volatile organic compound

SVOC = Semi-volatile organic compound

PCB = Polychlorinated biphenyl

SPLP = Synthetic Precipitation Leaching Procedure

Perc = Perchlorates
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Table 2-5
Surface Water (Total - Unfiltered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals

Anions-
Cations-

TDS Perclorate

Nitrate-
Nitrite-
Sulfate

Agua Fria AF-10 SW-AF-10 T 24-Aug-08 X

Agua Fria AF-11 SW-AF-11 T 24-Aug-08 X X
Agua Fria AF-12 SW-AF-12 T 24-Aug-08 X
Agua Fria AF-13 SW-AF-13 T 28-Apr-09 X
Agua Fria AF-14 SW-AF-14 T 15-Aug-08 X
Agua Fria AF-14 SW-AF-14-D T Dup 15-Aug-08 X
Agua Fria AF-15 SW-AF-15 T 25-Aug-08 X X X
Agua Fria AF-16 SW-AF-16 T 28-Apr-09 X
Agua Fria AF-16 SW-AF-99 T Dup 28-Apr-09 X
Agua Fria AF-17 SW-AF-17 T 03-May-09 X
Agua Fria AF-18 SW-AF-18 T 03-May-09 X
Agua Fria AF-2 SW-AF-2 T 24-Aug-08 X
Agua Fria AF-3 SW-AF-3 T 24-Aug-08 X
Agua Fria AF-4 SW-AF-4 T 24-Aug-08 X
Agua Fria AF-5 SW-AF-5 T 26-Aug-08 X X X
Agua Fria AF-6 SW-AF-6 T 24-Aug-08 X
Agua Fria AF-8 SW-AF-8 T 24-Aug-08 X
Agua Fria AF-8 SW-AF-8-D T Dup 24-Aug-08 X
Agua Fria AF-9 SW-AF-9 T 03-May-09 X

Background Agua Fria BKG-AF-1 SW-BKG-AF-1 T 26-Aug-08 X X X
Background Agua Fria BKG-AF-1 SW-BKG-AF-1-D T Dup 26-Aug-08 X X X
Background Agua Fria BKG-AF-10 SW-BKG-AF-10 T 06-Sep-08 X
Background Agua Fria BKG-AF-2 SW-BKG-AF-2 T 26-Aug-08 X X X
Background Agua Fria BKG-AF-3 SW-BKG-AF-3 T 26-Aug-08 X X
Background Agua Fria BKG-AF-4 SW-BKG-AF-4 T 06-Sep-08 X
Background Agua Fria BKG-AF-8 SW-BKG-AF-8 T 06-Sep-08 X
Background Agua Fria BKG-AF-9 SW-BKG-AF-9 T 06-Sep-08 X

Galena Gulch GG-14 SW-GG-14 T 16-Aug-08 X
Galena Gulch GG-4 SW-GG-4 T 16-Aug-08 X
Galena Gulch OW-14 SW-OW-14 T 16-Aug-08 X

Iron King Mine Small Tailings Pile CG-24 SW-CG-24 T 03-May-09 X
Impoundment-Pond - Iron King Mine Mine Plant IP-10 SW-IP-10 T 02-Sep-08 X
Impoundment-Pond - Iron King Mine Mine Plant IP-11 SW-IP-11 T 05-Sep-08 X X X
Impoundment-Pond - Iron King Mine Mine Plant IP-11 SW-IP-11-D T Dup 05-Sep-08 X
Impoundment-Pond - Iron King Mine Mine Plant IP-12 SW-IP-12 T 02-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-1 SW-IP-1 T 04-Sep-08 X X X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-1 SW-IP-1-D T Dup 04-Sep-08 X X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-2 SW-IP-2 T 04-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-3 SW-IP-3 T 04-Sep-08 X X X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-4 SW-IP-4 T 04-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-6 SW-IP-6 T 16-Aug-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-7 SW-IP-7 T 02-Sep-08 X X X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-7 SW-IP-7-D T Dup 02-Sep-08 X X X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-9 SW-IP-9 T 04-Sep-08 X

Lower Chaparral Gulch CG-14 SW-CG-14 T 05-Sep-08 X
Lower Chaparral Gulch CG-16 SW-CG-16 T 05-Sep-08 X X X X
Lower Chaparral Gulch CG-17 SW-CG-17 T 15-Aug-08 X
Lower Chaparral Gulch CG-22 SW-CG-22 T 04-May-09 X X X

Lower Chaparral Gulch CG-25 SW-CG-25 T 04-May-09 X X X

Page 2 of 6



Table 2-5
Surface Water (Total - Unfiltered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals

Anions-
Cations-

TDS Perclorate

Nitrate-
Nitrite-
Sulfate

Lower Chaparral Gulch Dam-Confluence CG-18 SW-CG-18 T 15-Aug-08 X

Lower Chaparral Gulch Dam-Confluence CG-19 SW-CG-19 T 25-Aug-08 X X X
Lower Chaparral Gulch Dam-Confluence CG-20 SW-CG-20 T 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-21 SW-CG-21 T 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-21 SW-CG-21-D T Dup 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-23 SW-CG-23 T 28-Apr-09 X
Lower Chaparral Gulch Dam-Confluence DE-1 SW-DE-1 T 15-Aug-08 X
Lower Chaparral Gulch Dam-Confluence DE-2 SW-DE-2 T 25-Aug-08 X X

Middle Chaparral Gulch CG-1 SW-CG-1 T 16-Aug-08 X
Middle Chaparral Gulch CG-1 SW-CG-1-D T Dup 16-Aug-08 X
Middle Chaparral Gulch CG-10 SW-CG-10 T 16-Aug-08 X
Middle Chaparral Gulch CG-11 SW-CG-11 T 16-Aug-08 X
Middle Chaparral Gulch CG-12 SW-CG-12 T 16-Aug-08 X
Upper Chaparral Gulch CG-5 SW-CG-5 T 16-Aug-08 X
Upper Chaparral Gulch CG-7 SW-CG-7 T 16-Aug-08 X
Upper Chaparral Gulch CG-9 SW-CG-9 T 16-Aug-08 X

Upper Chaparral Gulch OW-11 SW-OW-11 T 16-Aug-08 X

Notes:
Dup = Duplicate sample
TDS = Total dissolved solids
T = Total
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Table 2-6
Surface Water (Dissolved - Filtered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals

Agua Fria AF-10 SW-AF-10-F D 24-Aug-08 X

Agua Fria AF-11 SW-AF-11-F D 24-Aug-08 X
Agua Fria AF-12 SW-AF-12-F D 24-Aug-08 X
Agua Fria AF-13 SW-AF-13-F D 28-Apr-09 X
Agua Fria AF-15 SW-AF-15-F D 25-Aug-08 X
Agua Fria AF-16 SW-AF-16-F D 28-Apr-09 X
Agua Fria AF-16 SW-AF-99-F D Dup 28-Apr-09 X
Agua Fria AF-17 SW-AF-17-F D 03-May-09 X
Agua Fria AF-18 SW-AF-18-F D 03-May-09 X
Agua Fria AF-2 SW-AF-2-F D 24-Aug-08 X
Agua Fria AF-3 SW-AF-3-F D 24-Aug-08 X
Agua Fria AF-4 SW-AF-4-F D 24-Aug-08 X
Agua Fria AF-5 SW-AF-5-F D 26-Aug-08 X
Agua Fria AF-6 SW-AF-6-F D 24-Aug-08 X
Agua Fria AF-8 SW-AF-8-F D 24-Aug-08 X
Agua Fria AF-8 SW-AF-8-F-D D Dup 24-Aug-08 X
Agua Fria AF-9 SW-AF-9-F D 03-May-09 X

Background Agua Fria BKG-AF-1 SW-BKG-AF-1-F D 26-Aug-08 X
Background Agua Fria BKG-AF-1 SW-BKG-AF-1-F-D D Dup 26-Aug-08 X
Background Agua Fria BKG-AF-10 SW-BKG-AF-10-F D 06-Sep-08 X
Background Agua Fria BKG-AF-2 SW-BKG-AF-2-F D 26-Aug-08 X
Background Agua Fria BKG-AF-3 SW-BKG-AF-3-F D 25-Aug-08 X
Background Agua Fria BKG-AF-4 SW-BKG-AF-4-F D 06-Sep-08 X
Background Agua Fria BKG-AF-8 SW-BKG-AF-8-F D 06-Sep-08 X
Background Agua Fria BKG-AF-9 SW-BKG-AF-9-F D 06-Sep-08 X

Iron King Mine Small Tailings Pile CG-24 SW-CG-24-F D 03-May-09 X
Impoundment-Pond - Iron King Mine Mine Plant IP-10 SW-IP-10-F D 02-Sep-08 X
Impoundment-Pond - Iron King Mine Mine Plant IP-11 SW-IP-11-F D 05-Sep-08 X
Impoundment-Pond - Iron King Mine Mine Plant IP-11 SW-IP-11-F-D D Dup 05-Sep-08 X
Impoundment-Pond - Iron King Mine Mine Plant IP-12 SW-IP-12-F D 02-Sep-08 X

Impoundment-Pond - Iron King Mine Main Tailings Pile IP-1 SW-IP-1-F D 04-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-2 SW-IP-2-F D 04-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-3 SW-IP-3-F D 04-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-4 SW-IP-4-F D 04-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-7 SW-IP-7-F D 02-Sep-08 X
Impoundment-Pond - Iron King Mine Main Tailings Pile IP-9 SW-IP-9-F D 04-Sep-08 X

Lower Chaparral Gulch CG-14 SW-CG-14-F D 05-Sep-08 X
Lower Chaparral Gulch CG-16 SW-CG-16-F D 05-Sep-08 X
Lower Chaparral Gulch CG-22 SW-CG-22-F D 04-May-09 X
Lower Chaparral Gulch CG-25 SW-CG-25-F D 04-May-09 X

Lower Chaparral Gulch Dam-Confluence CG-19 SW-CG-19-F D 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-20 SW-CG-20-F D 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-21 SW-CG-21-F D 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-21 SW-CG-21-F-D D Dup 25-Aug-08 X
Lower Chaparral Gulch Dam-Confluence CG-23 SW-CG-23-F D 28-Apr-09 X

Lower Chaparral Gulch Dam-Confluence DE-2 SW-DE-2-F D 25-Aug-08 X

Notes:
Dup = Duplicate sample
D = Dissolved
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Table 2-7
Ground Water (Total - Unfiltered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals VOCs SVOCs Explosives

Anions-
Cations-

TDS Perclorate

Nitrate-
Nitrite-
Sulfate

Ground Water Cistern Cistern T 29-Oct-08 X X

Ground Water GW-511246 GW-511246 T 24-Sep-08 X
Ground Water GW-551459 GW-551459 T 26-Sep-08 X
Ground Water GW-573389 GW-573389 T 26-Sep-08 X
Ground Water GW-586144 GW-586144 T 23-Sep-08 X
Ground Water GW-592720 GW-592720 T 26-Sep-08 X X X
Ground Water GW-999901 GW-999901 T 12-Sep-08 X
Ground Water GW-999902 GW-999902 T 19-Sep-08 X
Ground Water GW-999903 GW-999903 T 19-Sep-08 X
Ground Water GW-999903 GW-999903-D T Dup 19-Sep-08 X
Ground Water GW-999904 GW-999904 T 19-Sep-08 X
Ground Water GW-999905 GW-999905 T 22-Sep-08 X
Ground Water GW-999905 GW-999905-D T Dup 22-Sep-08 X
Ground Water GW-999906 GW-999906 T 19-Sep-08 X
Ground Water GW-999907 GW-999907 T 22-Sep-08 X
Ground Water GW-999908 GW-999908 T 22-Sep-08 X
Ground Water GW-999909 GW-999909 T 22-Sep-08 X
Ground Water GW-999910 GW-999910 T 22-Sep-08 X
Ground Water GW-999911 GW-999911 T 22-Sep-08 X
Ground Water GW-999912 GW-999912 T 23-Sep-08 X X X
Ground Water GW-999913 GW-999913 T 23-Sep-08 X
Ground Water GW-999914 GW-999914 T 23-Sep-08 X X X
Ground Water GW-999915 GW-999915 T 23-Sep-08 X X X
Ground Water GW-999915 GW-999915-D T Dup 23-Sep-08 X X
Ground Water GW-999916 GW-999916 T 23-Sep-08 X
Ground Water GW-999917 GW-999917 T 23-Sep-08 X
Ground Water GW-999918 GW-999918 T 23-Sep-08 X
Ground Water GW-999919 GW-999919 T 23-Sep-08 X
Ground Water GW-999920 GW-999920 T 24-Sep-08 X X X
Ground Water GW-999920 GW-999920-D T Dup 24-Sep-08 X
Ground Water GW-999921 GW-999921 T 24-Sep-08 X
Ground Water GW-999922 GW-999922 T 24-Sep-08 X
Ground Water GW-999923 GW-999923 T 24-Sep-08 X
Ground Water GW-999924 GW-999924 T 24-Sep-08 X
Ground Water GW-999925 GW-999925 T 24-Sep-08 X
Ground Water GW-999926 GW-999926 T 24-Sep-08 X
Ground Water GW-999927 GW-999927 T 24-Sep-08 X
Ground Water GW-999928 GW-999928 T 25-Sep-08 X
Ground Water GW-999929 GW-999929 T 25-Sep-08 X
Ground Water GW-999930 GW-999930 T 25-Sep-08 X
Ground Water GW-999931 GW-999931 T 25-Sep-08 X
Ground Water GW-999932 GW-999932 T 25-Sep-08 X
Ground Water GW-999933 GW-999933 T 25-Sep-08 X
Ground Water GW-999934 GW-999934 T 25-Sep-08 X
Ground Water GW-999935 GW-999935 T 26-Sep-08 X
Ground Water GW-999936 GW-999936 T 26-Sep-08 X
Ground Water GW-999936 GW-999936-D T Dup 26-Sep-08 X
Ground Water GW-999937 GW-999937 T 26-Sep-08 X

Ground Water GW-999938 GW-999938 T 26-Sep-08 X
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Table 2-7
Ground Water (Total - Unfiltered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals VOCs SVOCs Explosives

Anions-
Cations-

TDS Perclorate

Nitrate-
Nitrite-
Sulfate

Ground Water GW-999938 GW-999938-D T Dup 26-Sep-08 X

Ground Water GW-999939 GW-999939 T 26-Sep-08 X
Ground Water GW-999940 GW-999940 T 30-Sep-08 X
Ground Water GW-999941 GW-999941 T 01-Oct-08 X
Ground Water GW-999943 GW-999943 T 14-Oct-08 X
Ground Water GW-999944 GW-999944 T 13-Oct-08 X
Ground Water GW-999945 GW-999945 T 14-Oct-08 X
Ground Water GW-999945 GW-999945 T 29-Apr-09 X X X
Ground Water GW-999946 GW-999946 T 29-Oct-08 X
Ground Water GW-999946 GW-999946-D T Dup 29-Oct-08 X
Ground Water GW-999947 GW-999947 T 30-Apr-09 X X X
Ground Water GW-999948 GW-999948 T 04-May-09 X X X
Ground Water GW-999949 GW-999949 T 04-May-09 X X X
Ground Water GW-999950 GW-999950 T 05-May-09 X X X
Ground Water GW-999951 GW-999951 T 05-May-09 X X X
Ground Water GW-999952 GW-999952 T 05-May-09 X X X
Ground Water GW-999953 GW-999953 T 30-Apr-09 X X X
Ground Water GW-999954 GW-999954 T 30-Apr-09 X X X
Ground Water GW-999954-1 GW-999954-1 T 30-Apr-09 X
Ground Water GW-9999949 GW-9999949 T Dup 04-May-09 X X X
Ground Water MW-01-S MW-01-S T 29-Sep-08 X X X X X
Ground Water MW-01-S MW-01-S T 29-Apr-09 X X X
Ground Water MW-02-S MW-02-S T 30-Sep-08 X X X X X
Ground Water MW-02-S MW-02-S T 29-Apr-09 X X X
Ground Water MW-03-S MW-03-S T 27-Sep-08 X X X X X
Ground Water MW-03-S MW-03-S T 27-Apr-09 X X X X
Ground Water MW-04-S MW-04-S T 30-Sep-08 X X X X X
Ground Water MW-04-S MW-04-S T 28-Apr-09 X X X X
Ground Water MW-04-S MW-04-S-D T Dup 30-Sep-08 X X X X X
Ground Water MW-05-S MW-05-S T 27-Sep-08 X X X X X
Ground Water MW-05-S MW-05-S T 28-Apr-09 X X X X X
Ground Water MW-05-S MW-05-S-D T Dup 27-Sep-08 X X X X X
Ground Water MW-06-D MW-06-D T 13-Oct-08 X X X X X
Ground Water MW-06-D MW-06-D T 30-Apr-09 X X X X
Ground Water MW-01-S MW-11-S T Dup 29-Apr-09 X X X
Ground Water MW-03-S MW-13-S T Dup 27-Apr-09 X X X X
Ground Water MW-05-S MW-15-S T Dup 28-Apr-09 X
Ground Water GW-SW-08 SW-08 T 30-Sep-08 X

Ground Water GW-SW-08 SW-08 T 28-Apr-09 X X X

Notes:
Dup = Duplicate sample
VOC = Volatile organic compound
SVOC = Semi-volatile organic compound
TDS = Total dissolved solids
T = Total
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Table 2-8
Ground Water (Dissolved - Filtered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals

Ground Water Cistern Cistern-F D 29-Oct-08 X

Ground Water GW-511246 GW-511246-F D 24-Sep-08 X
Ground Water GW-551459 GW-551459-F D 26-Sep-08 X
Ground Water GW-573389 GW-573389-F D 26-Sep-08 X
Ground Water GW-586144 GW-586144-F D 23-Sep-08 X
Ground Water GW-592720 GW-592720-F D 26-Sep-08 X
Ground Water GW-592720 GW-592720-F D 30-Apr-09 X
Ground Water GW-999901 GW-999901-F D 12-Sep-08 X
Ground Water GW-999902 GW-999902-F D 19-Sep-08 X
Ground Water GW-999903 GW-999903-F D 19-Sep-08 X
Ground Water GW-999903 GW-999903-F-D D Dup 19-Sep-08 X
Ground Water GW-999904 GW-999904-F D 19-Sep-08 X
Ground Water GW-999905 GW-999905-F D 22-Sep-08 X
Ground Water GW-999905 GW-999905-F-D D Dup 22-Sep-08 X
Ground Water GW-999906 GW-999906-F D 19-Sep-08 X
Ground Water GW-999907 GW-999907-F D 22-Sep-08 X
Ground Water GW-999908 GW-999908-F D 22-Sep-08 X
Ground Water GW-999909 GW-999909-F D 22-Sep-08 X
Ground Water GW-999910 GW-999910-F D 22-Sep-08 X
Ground Water GW-999911 GW-999911-F D 22-Sep-08 X
Ground Water GW-999912 GW-999912-F D 23-Sep-08 X
Ground Water GW-999913 GW-999913-F D 23-Sep-08 X
Ground Water GW-999914 GW-999914-F D 23-Sep-08 X
Ground Water GW-999915 GW-999915-F D 23-Sep-08 X
Ground Water GW-999916 GW-999916-F D 23-Sep-08 X
Ground Water GW-999917 GW-999917-F D 23-Sep-08 X
Ground Water GW-999918 GW-999918-F D 23-Sep-08 X
Ground Water GW-999919 GW-999919-F D 23-Sep-08 X
Ground Water GW-999920 GW-999920-F D 24-Sep-08 X
Ground Water GW-999920 GW-999920-F-D D Dup 24-Sep-08 X
Ground Water GW-999921 GW-999921-F D 24-Sep-08 X
Ground Water GW-999922 GW-999922-F D 24-Sep-08 X
Ground Water GW-999923 GW-999923-F D 24-Sep-08 X
Ground Water GW-999924 GW-999924-F D 24-Sep-08 X
Ground Water GW-999925 GW-999925-F D 24-Sep-08 X
Ground Water GW-999926 GW-999926-F D 24-Sep-08 X
Ground Water GW-999927 GW-999927-F D 24-Sep-08 X
Ground Water GW-999928 GW-999928-F D 25-Sep-08 X
Ground Water GW-999929 GW-999929-F D 25-Sep-08 X
Ground Water GW-999930 GW-999930-F D 25-Sep-08 X
Ground Water GW-999931 GW-999931-F D 25-Sep-08 X
Ground Water GW-999932 GW-999932-F D 25-Sep-08 X
Ground Water GW-999933 GW-999933-F D 25-Sep-08 X
Ground Water GW-999934 GW-999934-F D 25-Sep-08 X
Ground Water GW-999935 GW-999935-F D 26-Sep-08 X
Ground Water GW-999936 GW-999936-F D 26-Sep-08 X
Ground Water GW-999936 GW-999936-F-D D Dup 26-Sep-08 X
Ground Water GW-999937 GW-999937-F D 26-Sep-08 X
Ground Water GW-999938 GW-999938-F D 26-Sep-08 X
Ground Water GW-999938 GW-999938-F-D D Dup 26-Sep-08 X
Ground Water GW-999939 GW-999939-F D 26-Sep-08 X
Ground Water GW-999940 GW-999940-F D 30-Sep-08 X
Ground Water GW-999941 GW-999941-F D 01-Oct-08 X
Ground Water GW-999943 GW-999943-F D 14-Oct-08 X
Ground Water GW-999944 GW-999944-F D 13-Oct-08 X
Ground Water GW-999945 GW-999945-F D 14-Oct-08 X
Ground Water GW-999945 GW-999945-F D 29-Apr-09 X
Ground Water GW-999946 GW-999946-F D 29-Oct-08 X
Ground Water GW-999946 GW-999946-F-D D Dup 29-Oct-08 X
Ground Water GW-999947 GW-999947-F D 30-Apr-09 X
Ground Water GW-999948 GW-999948-F D 04-May-09 X
Ground Water GW-999949 GW-999949-F D 04-May-09 X
Ground Water GW-999950 GW-999950-F D 05-May-09 X
Ground Water GW-999951 GW-999951-F D 05-May-09 X
Ground Water GW-999952 GW-999952-F D 05-May-09 X

Ground Water GW-999953 GW-999953-F D 30-Apr-09 X

Page 1 of 2



Table 2-8
Ground Water (Dissolved - Filtered) Data Summary

Sample Group Point ID Sample ID
Total or

Dissolved
Duplicate
Sample

Sample
Date Metals

Ground Water GW-999954 GW-999954-F D 30-Apr-09 X

Ground Water GW-9999949 GW-9999949-F D Dup 04-May-09 X
Ground Water GW-SW-08 SW-08-F D 30-Sep-08 X
Ground Water GW-SW-08 SW-08-F D 28-Apr-09 X
Ground Water MW-01-S MW-01-S-F D 29-Sep-08 X
Ground Water MW-01-S MW-01-S-F D 29-Apr-09 X
Ground Water MW-01-S MW-11-S-F D Dup 29-Apr-09 X
Ground Water MW-02-S MW-02-S-F D 30-Sep-08 X
Ground Water MW-02-S MW-02-S-F D 29-Apr-09 X
Ground Water MW-03-S MW-03-S-F D 27-Sep-08 X
Ground Water MW-03-S MW-03-S-F D 27-Apr-09 X
Ground Water MW-03-S MW-13-S-F D Dup 27-Apr-09 X
Ground Water MW-04-S MW-04-S-F D 30-Sep-08 X
Ground Water MW-04-S MW-04-S-F D 28-Apr-09 X
Ground Water MW-04-S MW-04-S-F-D D Dup 30-Sep-08 X
Ground Water MW-05-S MW-05-S-F D 27-Sep-08 X
Ground Water MW-05-S MW-05-S-F D 28-Apr-09 X
Ground Water MW-05-S MW-05-S-F-D D Dup 27-Sep-08 X
Ground Water MW-06-D MW-06-D-F D 13-Oct-08 X

Ground Water MW-06-D MW-06-D-F D 30-Apr-09 X

Notes:
Dup = Duplicate sample
D = Dissolved
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Background Sample BG 8/17/2008 AHS-01-PM10-081708 X X

Background Sample BG 8/17/2008 AHS-01-TSP-081708 X

Background Sample BG 8/18/2008 AHS-01-PM10-081808 X

Background Sample BG 8/18/2008 AHS-01-TSP-081808 X X

Background Sample BG 8/19/2008 AHS-01-PM10-081908 X X

Background Sample BG 8/19/2008 AHS-01-TSP-081908 X X

Background Sample BG 8/20/2008 AHS-01-PM10-082008 X X

Background Sample BG 8/20/2008 AHS-01-TSP-082008 X X

Background Sample BG 8/21/2008 AHS-01-PM10-082108 X X

Background Sample BG 8/21/2008 AHS-01-TSP-082108 X

Background Sample BG 8/22/2008 AHS-01-PM10-082208 X X

Background Sample BG 8/22/2008 AHS-01-TSP-082208 X X

Background Sample BG 8/23/2008 AHS-01-PM10-082308 X X

Background Sample BG 8/23/2008 AHS-01-TSP-082308 X X

Background Sample BG 8/24/2008 AHS-01-PM10-082408 X X

Background Sample BG 8/24/2008 AHS-01-TSP-082408 X

Background Sample BG 8/25/2008 AHS-01-PM10-082508 X X

Background Sample BG 8/25/2008 AHS-01-TSP-082508 X

Background Sample BG 8/27/2008 AHS-01-PM10-082708 X

Background Sample BG 8/27/2008 AHS-01-TSP-082708 X

Background Sample BG 8/28/2008 AHS-01-PM10-082808 X

Background Sample BG 8/28/2008 AHS-01-TSP-082808 X

Background Sample BG 8/29/2008 AHS-01-PM10-082908 X X

Background Sample BG 8/29/2008 AHS-01-TSP-082908 X X

Background Sample BG 8/30/2008 AHS-01-PM10-083008 X

Background Sample BG 8/30/2008 AHS-01-TSP-083008 X

Background Sample BG 1/9/2009 ABG01-TSP-1909 X X

Background Sample BG 1/9/2009 ABG01-TSP-1909-2 X X

Background Sample BG 1/15/2009 ABG01-PM10-11509 X X

Background Sample BG 1/15/2009 ABG01-TSP-11509 X X

Background Sample BG 1/21/2009 ABG01-PM10-12109 X X

Background Sample BG 1/21/2009 ABG01-TSP-12109 X X

Background Sample BG 1/27/2009 ABG-01-PM10-012709 X

Background Sample BG 1/27/2009 ABG-01-TSP-012709 X

Background Sample BG 2/27/2009 ABG-01-PM10-022709 X

Background Sample BG 2/27/2009 ABG-01-TSP-022709 X

Background Sample BG 3/3/2009 ABG-01-TSP-030309 X X

Background Sample BG 3/3/2009 ABG-01-TSP-030309-D X X

Background Sample BG 3/13/2009 ABG-01-PM10-030909 X X

Background Sample BG 3/13/2009 ABG-01-TSP-030909 X X

Background Sample BG 3/16/2009 ABG-01-PM10-031509 X X

Background Sample BG 3/16/2009 ABG-01-PM10-031509-D X X

Background Sample BG 3/23/2009 ABG-01-PM10-032109 X X

Background Sample BG 3/23/2009 ABG-01-TSP-032109 X X

Background Sample BG 3/30/2009 ABG-01-TSP-032709 X X

Background Sample BG 3/30/2009 ABG-01-TSP-032709-D X X

Background Sample BG 4/6/2009 ABG-01-PM10-040209 X X

Background Sample BG 4/6/2009 ABG-01-TSP-040209 X X

Background Sample BG 4/13/2009 ABG-01-PM10-040809 X X

Background Sample BG 4/13/2009 ABG-01-PM10-040809-D X X

Background Sample BG 4/16/2009 ABG-01-PM10-041409 X X

Background Sample BG 4/16/2009 ABG-01-TSP-041409 X X

Background Sample BG 4/24/2009 ABG-01-TSP-042009 X X

Background Sample BG 4/24/2009 ABG-01-TSP-042009-D X X

Background Sample BG 5/1/2009 ABG-01-PM10-042609 X X

Background Sample BG 5/1/2009 ABG-01-TSP-042609 X X

Background Sample BG 5/7/2009 ABG-01-PM10-050209 X X

Background Sample BG 5/7/2009 ABG-01-PM10-050209-D X X

Background Sample BG 5/12/2009 ABG-01-PM10-050809 X X

Background Sample BG 5/12/2009 ABG-01-TSP-050809 X X

Background Sample BG 5/18/2009 ABG-01-TSP-051409 X X

Background Sample BG 5/18/2009 ABG-01-TSP-051409-D X X

Background Sample BG 5/25/2009 ABG-01-PM10-052009 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Background Sample BG 5/25/2009 ABG-01-TSP-052009 X X

Background Sample BG 5/28/2009 ABG-01-PM10-052609 X X

Background Sample BG 5/28/2009 ABG-01-PM10-052609-D X X

Background Sample BG 6/5/2009 ABG-01-PM10-060109 X X

Background Sample BG 6/5/2009 ABG-01-TSP-060109 X X

Background Sample BG 6/11/2009 ABG-01-TSP-060709 X

Background Sample BG 6/11/2009 ABG-01-TSP-060709-D X X

Background Sample BG 6/18/2009 ABG-01-PM10-061309 X X

Background Sample BG 6/18/2009 ABG-01-TSP-061309 X X

Background Sample BG 6/22/2009 ABG-01-PM10-061909 X X

Background Sample BG 6/22/2009 ABG-01-PM10-061909-D X X

Background Sample BG 6/26/2009 ABG-01-PM10-062509 X X

Background Sample BG 6/26/2009 ABG-01-TSP-062509 X X

Background Sample BG 7/6/2009 ABG-01-TSP-070109 X X

Background Sample BG 7/6/2009 ABG-01-TSP-070109-D X X

Background Sample BG 7/10/2009 ABG-01-PM10-070709 X X

Background Sample BG 7/10/2009 ABG-01-TSP-070709 X X

Background Sample BG 7/17/2009 ABG-01-PM10-071309 X X

Background Sample BG 7/17/2009 ABG-01-PM10-071309-D X X

Background Sample BG 7/21/2009 ABG-01-PM10-071909 X X

Background Sample BG 7/21/2009 ABG-01-TSP-071909 X X

Background Sample BG 7/30/2009 ABG-01-TSP-072509 X X

Background Sample BG 7/30/2009 ABG-01-TSP-072509-D X X

Background Sample BG 8/4/2009 ABG-01-PM10-073109 X X

Background Sample BG 8/4/2009 ABG-01-TSP-073109 X X

Background Sample BG 8/11/2009 ABG-01-PM10-080609 X X

Background Sample BG 8/11/2009 ABG-01-PM10-080609-D X X

Background Sample BG 8/17/2009 ABG-01-PM10-081209 X X

Background Sample BG 8/17/2009 ABG-01-TSP-081209 X X

Background Sample BG 8/19/2009 ABG-01-TSP-081809 X X

Background Sample BG 8/19/2009 ABG-01-TSP-081809-D X X

Background Sample BG 8/27/2009 ABG-01-PM10-082409 X X

Background Sample BG 8/27/2009 ABG-01-TSP-082409 X X

Background Sample BG 8/31/2009 ABG-01-PM10-083009 X X

Background Sample BG 8/31/2009 ABG-01-PM10-083009-D X X

Background Sample BG 9/8/2009 ABG-01-PM10-090509 X X

Background Sample BG 9/8/2009 ABG-01-TSP-090509 X X

Humboldt - In Town HIT 8/17/2008 AHS-02-PM10-081708 X X

Humboldt - In Town HIT 8/17/2008 AHS-02-TSP-081708 X

Humboldt - In Town HIT 8/17/2008 AIK-03-PM10-081708 X X

Humboldt - In Town HIT 8/17/2008 AIK-03-TSP-081708 X

Humboldt - In Town HIT 8/18/2008 AHS-02-PM10-081808 X

Humboldt - In Town HIT 8/18/2008 AHS-02-TSP-081808 X X

Humboldt - In Town HIT 8/18/2008 AIK-03-PM10-081808 X X

Humboldt - In Town HIT 8/18/2008 AIK-03-TSP-081808 X X

Humboldt - In Town HIT 8/19/2008 AHS-02-PM10-081908 X X

Humboldt - In Town HIT 8/19/2008 AHS-02-TSP-081908 X X

Humboldt - In Town HIT 8/19/2008 AIK-03-PM10-081908 X

Humboldt - In Town HIT 8/19/2008 AIK-03-TSP-081908 X X

Humboldt - In Town HIT 8/20/2008 AHS-02-PM10-082008 X X

Humboldt - In Town HIT 8/20/2008 AHS-02-TSP-082008 X X

Humboldt - In Town HIT 8/20/2008 AIK-03-PM10-082008 X X

Humboldt - In Town HIT 8/20/2008 AIK-03-TSP-082008 X

Humboldt - In Town HIT 8/21/2008 AHS-02-PM10-082108 X

Humboldt - In Town HIT 8/21/2008 AHS-02-TSP-082108 X

Humboldt - In Town HIT 8/21/2008 AIK-03-PM10-082108 X X

Humboldt - In Town HIT 8/21/2008 AIK-03-TSP-082108 X X

Humboldt - In Town HIT 8/22/2008 AHS-02-PM10-082208 X X

Humboldt - In Town HIT 8/22/2008 AHS-02-TSP-082208 X X

Humboldt - In Town HIT 8/22/2008 AIK-03-PM10-082208 X X

Humboldt - In Town HIT 8/22/2008 AIK-03-TSP-082208 X X

Humboldt - In Town HIT 8/23/2008 AHS-02-PM10-082308 X X

Humboldt - In Town HIT 8/23/2008 AHS-02-TSP-082308 X X

Humboldt - In Town HIT 8/24/2008 AHS-02-PM10-082408 X X

Humboldt - In Town HIT 8/24/2008 AHS-02-TSP-082408 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Humboldt - In Town HIT 8/24/2008 AIK-03-PM10-082408 X X

Humboldt - In Town HIT 8/24/2008 AIK-03-TSP-082408 X

Humboldt - In Town HIT 8/25/2008 AIK-03-PM10-082508 X X

Humboldt - In Town HIT 8/25/2008 AIK-03-TSP-082508 X X

Humboldt - In Town HIT 8/27/2008 AIK-03-PM10-082708 X X

Humboldt - In Town HIT 8/27/2008 AIK-03-TSP-082708 X X

Humboldt - In Town HIT 8/28/2008 AHS-02-PM10-082808 X X

Humboldt - In Town HIT 8/28/2008 AHS-02-TSP-082808 X

Humboldt - In Town HIT 8/28/2008 AIK-03-PM10-082808 X X

Humboldt - In Town HIT 8/28/2008 AIK-03-TSP-082808 X X

Humboldt - In Town HIT 8/29/2008 AIK-03-PM10-082908 X X

Humboldt - In Town HIT 8/29/2008 AIK-03-TSP-082908 X

Humboldt - In Town HIT 8/30/2008 AHS-02-PM10-083008 X X

Humboldt - In Town HIT 8/30/2008 AHS-02-TSP-083008 X

Humboldt - In Town HIT 8/30/2008 AIK-03-PM10-083008 X X

Humboldt - In Town HIT 8/30/2008 AIK-03-TSP-083008 X X

Humboldt - In Town HIT 1/9/2009 AES01-TSP-1909 X

Humboldt - In Town HIT 1/15/2009 AES01-PM10-11509 X X

Humboldt - In Town HIT 1/27/2009 AES-01-PM10-012709 X

Humboldt - In Town HIT 1/27/2009 AES-01-TSP-012709 X X

Humboldt - In Town HIT 2/27/2009 AES-01-PM10-022709 X X

Humboldt - In Town HIT 2/27/2009 AES-01-TSP-022709 X X

Humboldt - In Town HIT 3/3/2009 AES-01-PM10-030309 X

Humboldt - In Town HIT 3/3/2009 AES-01-TSP-030309 X X

Humboldt - In Town HIT 3/13/2009 AES-01-TSP-030909 X X

Humboldt - In Town HIT 3/13/2009 AES-01-TSP-030909-D X X

Humboldt - In Town HIT 3/16/2009 AES-01-PM10-031509 X X

Humboldt - In Town HIT 3/16/2009 AES-01-TSP-031509 X X

Humboldt - In Town HIT 3/23/2009 AES-01-PM10-032109 X X

Humboldt - In Town HIT 3/23/2009 AES-01-PM10-032109-D X X

Humboldt - In Town HIT 3/30/2009 AES-01-PM10-032709 X X

Humboldt - In Town HIT 3/30/2009 AES-01-TSP-032709 X X

Humboldt - In Town HIT 3/30/2009 AES-TEOM-033009-1 X X

Humboldt - In Town HIT 3/30/2009 AES-TEOM-033009-2 X

Humboldt - In Town HIT 4/6/2009 AES-01-TEOM-040609-1 X X

Humboldt - In Town HIT 4/6/2009 AES-01-TSP-040209 X X

Humboldt - In Town HIT 4/6/2009 AES-01-TSP-040209-D X X

Humboldt - In Town HIT 4/13/2009 AES-01-PM10-040809 X X

Humboldt - In Town HIT 4/13/2009 AES-01-TEOM-041309 X X

Humboldt - In Town HIT 4/13/2009 AES-01-TSP-040809 X X

Humboldt - In Town HIT 4/16/2009 AES-01-PM10-041409 X X

Humboldt - In Town HIT 4/16/2009 AES-01-PM10-041409-D X X

Humboldt - In Town HIT 4/16/2009 AES-01-TEOM-041609 X X

Humboldt - In Town HIT 4/24/2009 AES-01-PM10-042009 X X

Humboldt - In Town HIT 4/24/2009 AES-01-TEOM-042409 X X

Humboldt - In Town HIT 4/24/2009 AES-01-TSP-042009 X X

Humboldt - In Town HIT 5/1/2009 AES-01-TEOM-050109 X X

Humboldt - In Town HIT 5/1/2009 AES-01-TSP-042609 X X

Humboldt - In Town HIT 5/1/2009 AES-01-TSP-042609-D X X

Humboldt - In Town HIT 5/7/2009 AES-01-PM10-050209 X X

Humboldt - In Town HIT 5/7/2009 AES-01-TEOM-050709 X X

Humboldt - In Town HIT 5/7/2009 AES-01-TSP-050209 X X

Humboldt - In Town HIT 5/12/2009 AES-01-PM10-050809-D X X

Humboldt - In Town HIT 5/12/2009 AES-01-TEOM-051209 X X

Humboldt - In Town HIT 5/18/2009 AES-01-PM10-051409 X X

Humboldt - In Town HIT 5/18/2009 AES-01-TEOM-051809 X X

Humboldt - In Town HIT 5/18/2009 AES-01-TSP-051409 X X

Humboldt - In Town HIT 5/25/2009 AES-01-TEOM-052509 X X

Humboldt - In Town HIT 5/25/2009 AES-01-TSP-052009 X X

Humboldt - In Town HIT 5/25/2009 AES-01-TSP-052009-D X X

Humboldt - In Town HIT 5/28/2009 AES-01-PM10-052609 X X

Humboldt - In Town HIT 5/28/2009 AES-01-TEOM-052809 X X

Humboldt - In Town HIT 5/28/2009 AES-01-TSP-052609 X X

Humboldt - In Town HIT 6/5/2009 AES-01-PM10-060109 X X

Humboldt - In Town HIT 6/5/2009 AES-01-PM10-060109-D X X

Humboldt - In Town HIT 6/5/2009 AES-01-TEOM-060509 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Humboldt - In Town HIT 6/11/2009 AES-01-PM10-060709 X X

Humboldt - In Town HIT 6/11/2009 AES-01-TEOM-061109 X X

Humboldt - In Town HIT 6/11/2009 AES-01-TSP-060709 X X

Humboldt - In Town HIT 6/18/2009 AES-01-TEOM-061809 X X

Humboldt - In Town HIT 6/18/2009 AES-01-TSP-061309 X X

Humboldt - In Town HIT 6/18/2009 AES-01-TSP-061309-D X X

Humboldt - In Town HIT 6/22/2009 AES-01-PM10-061909 X X

Humboldt - In Town HIT 6/22/2009 AES-01-TEOM-062209 X X

Humboldt - In Town HIT 6/22/2009 AES-01-TSP-061909 X X

Humboldt - In Town HIT 6/26/2009 AES-01-PM10-062509 X X

Humboldt - In Town HIT 6/26/2009 AES-01-PM10-062509-D X X

Humboldt - In Town HIT 6/26/2009 AES-01-TEOM-062609 X X

Humboldt - In Town HIT 7/6/2009 AES-01-PM10-070109 X X

Humboldt - In Town HIT 7/6/2009 AES-01-TEOM-070609 X X

Humboldt - In Town HIT 7/6/2009 AES-01-TSP-070109 X X

Humboldt - In Town HIT 7/10/2009 AES-01-TEOM-071009 X X

Humboldt - In Town HIT 7/10/2009 AES-01-TSP-070709 X X

Humboldt - In Town HIT 7/10/2009 AES-01-TSP-070709-D X X

Humboldt - In Town HIT 7/17/2009 AES-01-PM10-071309 X X

Humboldt - In Town HIT 7/17/2009 AES-01-TEOM-071709 X X

Humboldt - In Town HIT 7/17/2009 AES-01-TSP-071309 X X

Humboldt - In Town HIT 7/21/2009 AES-01-PM10-071909 X X

Humboldt - In Town HIT 7/21/2009 AES-01-PM10-071909-D X X

Humboldt - In Town HIT 7/21/2009 AES-01-TEOM-072109 X X

Humboldt - In Town HIT 7/30/2009 AES-01-PM10-072509 X X

Humboldt - In Town HIT 7/30/2009 AES-01-TEOM-073009 X X

Humboldt - In Town HIT 7/30/2009 AES-01-TSP-072509 X X

Humboldt - In Town HIT 8/4/2009 AES-01-TEOM-080409 X X

Humboldt - In Town HIT 8/4/2009 AES-01-TSP-073109 X X

Humboldt - In Town HIT 8/4/2009 AES-01-TSP-073109-D X X

Humboldt - In Town HIT 8/11/2009 AES-01-PM10-080609 X X

Humboldt - In Town HIT 8/11/2009 AES-01-TEOM-081109 X X

Humboldt - In Town HIT 8/11/2009 AES-01-TSP-080609 X X

Humboldt - In Town HIT 8/17/2009 AES-01-PM10-081209 X X

Humboldt - In Town HIT 8/17/2009 AES-01-PM10-081209-D X X

Humboldt - In Town HIT 8/17/2009 AES-09-TEOM-081709 X X

Humboldt - In Town HIT 8/19/2009 AES-01-PM10-081809 X X

Humboldt - In Town HIT 8/19/2009 AES-01-TEOM-081909 X X

Humboldt - In Town HIT 8/19/2009 AES-01-TSP-081809 X X

Humboldt - In Town HIT 8/27/2009 AES-01-TEOM-082709 X X

Humboldt - In Town HIT 8/27/2009 AES-01-TSP-082409 X X

Humboldt - In Town HIT 8/27/2009 AES-01-TSP-082409-D X X

Humboldt - In Town HIT 8/31/2009 AES-01-PM10-083009 X X

Humboldt - In Town HIT 8/31/2009 AES-01-TEOM-083109 X X

Humboldt - In Town HIT 8/31/2009 AES-01-TSP-083009 X X

Humboldt - In Town HIT 9/8/2009 AES-01-PM10-090509 X X

Humboldt - In Town HIT 9/8/2009 AES-01-PM10-090509-D X X

Humboldt - In Town HIT 9/8/2009 AES-01-TEOM-090809 X X

Humboldt - In Town HIT 9/8/2009 AES-01-TEOM-2-090809 X X

Humboldt Smelter HS 8/17/2008 AHS-03-PM10-081708 X X

Humboldt Smelter HS 8/17/2008 AHS-03-TSP-081708 X X

Humboldt Smelter HS 8/18/2008 AHS-03-PM10-081808 X X

Humboldt Smelter HS 8/18/2008 AHS-03-TSP-081808 X X

Humboldt Smelter HS 8/19/2008 AHS-03-PM10-081908 X

Humboldt Smelter HS 8/19/2008 AHS-03-TSP-081908 X X

Humboldt Smelter HS 8/20/2008 AHS-03-PM10-082008 X X

Humboldt Smelter HS 8/20/2008 AHS-03-TSP-082008 X X

Humboldt Smelter HS 8/21/2008 AHS-03-PM10-082108 X X

Humboldt Smelter HS 8/21/2008 AHS-03-TSP-082108 X X

Humboldt Smelter HS 8/23/2008 AHS-03-PM10-082308 X X

Humboldt Smelter HS 8/23/2008 AHS-03-PM10-082308-CO X X

Humboldt Smelter HS 8/23/2008 AHS-03-TSP-082308 X X

Humboldt Smelter HS 8/23/2008 AHS-03-TSP-082308-CO X X

Humboldt Smelter HS 8/24/2008 AHS-03-PM10-082408 X X

Humboldt Smelter HS 8/24/2008 AHS-03-TSP-082408 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Humboldt Smelter HS 8/25/2008 AHS-03-PM10-082508 X

Humboldt Smelter HS 8/25/2008 AHS-03-TSP-082508 X

Humboldt Smelter HS 8/27/2008 AHS-03-PM10-082708 X

Humboldt Smelter HS 8/27/2008 AHS-03-TSP-082708 X X

Humboldt Smelter HS 8/28/2008 AHS-03-PM10-082808 X X

Humboldt Smelter HS 8/28/2008 AHS-03-TSP-082808 X

Humboldt Smelter HS 8/29/2008 AHS-03-PM10-082908 X X

Humboldt Smelter HS 8/29/2008 AHS-03-TSP-082908 X X

Humboldt Smelter HS 8/30/2008 AHS-03-PM10-083008 X X

Humboldt Smelter HS 8/30/2008 AHS-03-TSP-083008 X X

Humboldt Smelter HS 8/31/2008 AHS-03-PM10-083108 X

Humboldt Smelter HS 8/31/2008 AHS-03-TSP-083108 X

Humboldt Smelter HS 1/15/2009 AHS02-PM10-11509 X X

Humboldt Smelter HS 1/15/2009 AHS02-TSP-11509 X X

Humboldt Smelter HS 1/21/2009 AHS02-PM10-12109 X X

Humboldt Smelter HS 1/27/2009 AHS-02-TSP-012709 X

Humboldt Smelter HS 2/27/2009 AHS-02-PM10-022709 X X

Humboldt Smelter HS 3/3/2009 AHS-02-PM10-030309 X

Humboldt Smelter HS 3/3/2009 AHS-02-TSP-030309 X X

Humboldt Smelter HS 3/13/2009 AHS-02-PM10-030909 X X

Humboldt Smelter HS 3/13/2009 AHS-02-TSP-030909 X X

Humboldt Smelter HS 3/16/2009 AHS-02-PM10-031509 X X

Humboldt Smelter HS 3/16/2009 AHS-02-TSP-031509 X X

Humboldt Smelter HS 3/23/2009 AHS-02-PM10-032109 X X

Humboldt Smelter HS 3/23/2009 AHS-02-TSP-032109 X X

Humboldt Smelter HS 3/23/2009 AHS-02-TSP-032709

Humboldt Smelter HS 3/30/2009 AHS-02-PM10-032709 X X

Humboldt Smelter HS 3/30/2009 AHS-02-TSP-032709 X X

Humboldt Smelter HS 3/30/2009 AHS-TEOM-033009-1 X

Humboldt Smelter HS 4/6/2009 AHS-02-PM10-040209 X X

Humboldt Smelter HS 4/6/2009 AHS-02-TEOM-040609-1 X

Humboldt Smelter HS 4/6/2009 AHS-02-TSP-040209 X X

Humboldt Smelter HS 4/13/2009 AHS-02-PM10-040809 X X

Humboldt Smelter HS 4/13/2009 AHS-02-TEOM-041309 X

Humboldt Smelter HS 4/13/2009 AHS-02-TSP-040809 X X

Humboldt Smelter HS 4/16/2009 AHS-02-PM10-041409 X X

Humboldt Smelter HS 4/16/2009 AHS-02-TEOM-041609 X X

Humboldt Smelter HS 4/16/2009 AHS-02-TSP-041409 X X

Humboldt Smelter HS 4/24/2009 AHS-02-PM10-042009 X X

Humboldt Smelter HS 4/24/2009 AHS-02-TEOM-042409 X X

Humboldt Smelter HS 4/24/2009 AHS-02-TSP-042009 X X

Humboldt Smelter HS 5/1/2009 AHS-02-PM10-042609 X X

Humboldt Smelter HS 5/1/2009 AHS-02-TEOM-050109 X X

Humboldt Smelter HS 5/1/2009 AHS-02-TSP-042609 X X

Humboldt Smelter HS 5/7/2009 AHS-02-PM10-050209 X X

Humboldt Smelter HS 5/7/2009 AHS-02-TEOM-050709 X X

Humboldt Smelter HS 5/7/2009 AHS-02-TSP-050209 X X

Humboldt Smelter HS 5/12/2009 AHS-02-PM10-050809 X X

Humboldt Smelter HS 5/12/2009 AHS-02-TEOM-051209 X X

Humboldt Smelter HS 5/12/2009 AHS-02-TSP-050809 X X

Humboldt Smelter HS 5/18/2009 AHS-02-PM10-051409 X X

Humboldt Smelter HS 5/18/2009 AHS-02-TEOM-051809 X X

Humboldt Smelter HS 5/18/2009 AHS-02-TSP-051409 X X

Humboldt Smelter HS 5/25/2009 AHS-02-PM10-052009 X X

Humboldt Smelter HS 5/25/2009 AHS-02-TEOM-052509 X X

Humboldt Smelter HS 5/25/2009 AHS-02-TSP-052009 X X

Humboldt Smelter HS 5/28/2009 AHS-02-PM10-052609 X X

Humboldt Smelter HS 5/28/2009 AHS-02-TEOM-052809 X

Humboldt Smelter HS 5/28/2009 AHS-02-TSP-052609 X X

Humboldt Smelter HS 6/5/2009 AHS-02-PM10-060109 X X

Humboldt Smelter HS 6/5/2009 AHS-02-TEOM-060509 X X

Humboldt Smelter HS 6/5/2009 AHS-02-TSP-060109 X X

Humboldt Smelter HS 6/11/2009 AHS-02-PM10-060709 X X

Humboldt Smelter HS 6/11/2009 AHS-02-TEOM-061109 X X

Humboldt Smelter HS 6/11/2009 AHS-02-TSP-060709 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Humboldt Smelter HS 6/18/2009 AHS-02-PM10-061309 X X

Humboldt Smelter HS 6/18/2009 AHS-02-TEOM-061809 X X

Humboldt Smelter HS 6/18/2009 AHS-02-TSP-061309 X X

Humboldt Smelter HS 6/22/2009 AHS-02-PM10-061909 X X

Humboldt Smelter HS 6/22/2009 AHS-02-TEOM-062209 X X

Humboldt Smelter HS 6/22/2009 AHS-02-TSP-061909 X X

Humboldt Smelter HS 6/26/2009 AHS-02-PM10-062509 X X

Humboldt Smelter HS 6/26/2009 AHS-02-TEOM-062609 X X

Humboldt Smelter HS 6/26/2009 AHS-02-TSP-062509 X X

Humboldt Smelter HS 7/6/2009 AHS-02-PM10-070109 X X

Humboldt Smelter HS 7/6/2009 AHS-02-TEOM-070609 X X

Humboldt Smelter HS 7/6/2009 AHS-02-TSP-070109 X X

Humboldt Smelter HS 7/10/2009 AHS-02-PM10-070709 X X

Humboldt Smelter HS 7/10/2009 AHS-02-TEOM-071009 X X

Humboldt Smelter HS 7/10/2009 AHS-02-TSP-070709 X X

Humboldt Smelter HS 7/17/2009 AHS-02-PM10-071309 X X

Humboldt Smelter HS 7/17/2009 AHS-02-TEOM-071709 X X

Humboldt Smelter HS 7/17/2009 AHS-02-TSP-071309 X X

Humboldt Smelter HS 7/21/2009 AHS-02-PM10-071909 X X

Humboldt Smelter HS 7/21/2009 AHS-02-TEOM-072109 X X

Humboldt Smelter HS 7/21/2009 AHS-02-TSP-071909 X X

Humboldt Smelter HS 7/30/2009 AHS-02-PM10-072509 X X

Humboldt Smelter HS 7/30/2009 AHS-02-TEOM-073009 X X

Humboldt Smelter HS 7/30/2009 AHS-02-TSP-072509 X X

Humboldt Smelter HS 8/4/2009 AHS-02-PM10-073109 X X

Humboldt Smelter HS 8/4/2009 AHS-02-TEOM-080409 X X

Humboldt Smelter HS 8/4/2009 AHS-02-TSP-073109 X X

Humboldt Smelter HS 8/11/2009 AHS-02-PM10-080609 X X

Humboldt Smelter HS 8/11/2009 AHS-02-TEOM-081109 X X

Humboldt Smelter HS 8/11/2009 AHS-02-TSP-080609 X X

Humboldt Smelter HS 8/17/2009 AHS-02-PM10-081209 X X

Humboldt Smelter HS 8/17/2009 AHS-02-TEOM-081709 X X

Humboldt Smelter HS 8/17/2009 AHS-02-TSP-081209 X X

Humboldt Smelter HS 8/19/2009 AHS-02-PM10-081809 X X

Humboldt Smelter HS 8/19/2009 AHS-02-TEOM-081909 X X

Humboldt Smelter HS 8/19/2009 AHS-02-TSP-081809 X X

Humboldt Smelter HS 8/27/2009 AHS-02-PM10-082409 X X

Humboldt Smelter HS 8/27/2009 AHS-02-TEOM-082709 X X

Humboldt Smelter HS 8/27/2009 AHS-02-TSP-082409 X X

Humboldt Smelter HS 8/31/2009 AHS-02-PM10-083009 X X

Humboldt Smelter HS 8/31/2009 AHS-02-TEOM-083109 X X

Humboldt Smelter HS 8/31/2009 AHS-02-TSP-083009 X X

Humboldt Smelter HS 9/8/2009 AHS-02-PM10-090509 X X

Humboldt Smelter HS 9/8/2009 AHS-02-TEOM-090809 X X

Humboldt Smelter HS 9/8/2009 AHS-02-TEOM-2-090809 X X

Humboldt Smelter HS 9/8/2009 AHS-02-TSP-090509 X X

Iron King Mine IKM 8/17/2008 AIK-01-PM10-081708 X X

Iron King Mine IKM 8/17/2008 AIK-01-TSP-081708 X X

Iron King Mine IKM 8/17/2008 AIK-02-PM10-081708 X

Iron King Mine IKM 8/17/2008 AIK-02-TSP-081708 X

Iron King Mine IKM 8/18/2008 AIK-01-PM10-081808 X X

Iron King Mine IKM 8/18/2008 AIK-01-TSP-081808 X X

Iron King Mine IKM 8/18/2008 AIK-02-PM10-081808 X

Iron King Mine IKM 8/18/2008 AIK-02-TSP-081808 X X

Iron King Mine IKM 8/19/2008 AIK-01-PM10-081908 X X

Iron King Mine IKM 8/19/2008 AIK-01-TSP-081908 X

Iron King Mine IKM 8/19/2008 AIK-02-PM10-081908 X X

Iron King Mine IKM 8/19/2008 AIK-02-TSP-081908 X X

Iron King Mine IKM 8/20/2008 AIK-01-PM10-082008 X

Iron King Mine IKM 8/20/2008 AIK-01-TSP-082008 X X

Iron King Mine IKM 8/20/2008 AIK-02-PM10-082008 X X

Iron King Mine IKM 8/20/2008 AIK-02-TSP-082008 X X

Iron King Mine IKM 8/21/2008 AIK-01-PM10-082108 X X

Iron King Mine IKM 8/21/2008 AIK-01-TSP-082108 X X

Iron King Mine IKM 8/21/2008 AIK-02-PM10-082108 X X

Iron King Mine IKM 8/21/2008 AIK-02-TSP-082108 X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Iron King Mine IKM 8/22/2008 AIK-01-PM10-082208 X X

Iron King Mine IKM 8/22/2008 AIK-01-TSP-082208 X

Iron King Mine IKM 8/22/2008 AIK-02-PM10-082208 X X

Iron King Mine IKM 8/22/2008 AIK-02-PM10-082208-CO X

Iron King Mine IKM 8/22/2008 AIK-02-TSP-082208 X X

Iron King Mine IKM 8/22/2008 AIK-02-TSP-082208-CO X X

Iron King Mine IKM 8/23/2008 AIK-01-PM10-082308 X X

Iron King Mine IKM 8/23/2008 AIK-01-TSP-082308 X X

Iron King Mine IKM 8/23/2008 AIK-02-PM10-082308 X X

Iron King Mine IKM 8/23/2008 AIK-02-TSP-082308 X

Iron King Mine IKM 8/24/2008 AIK-01A-PM10-082408 X X

Iron King Mine IKM 8/24/2008 AIK-01A-TSP-082408 X

Iron King Mine IKM 8/24/2008 AIK-02-PM10-082408 X X

Iron King Mine IKM 8/24/2008 AIK-02-TSP-082408 X

Iron King Mine IKM 8/25/2008 AIK-01A-PM10-082508 X X

Iron King Mine IKM 8/25/2008 AIK-01A-TSP-082508 X X

Iron King Mine IKM 8/25/2008 AIK-02-PM10-082508 X X

Iron King Mine IKM 8/25/2008 AIK-02-TSP-082508 X X

Iron King Mine IKM 8/27/2008 AIK-01A-PM10-082708 X

Iron King Mine IKM 8/27/2008 AIK-01A-TSP-082708 X

Iron King Mine IKM 8/27/2008 AIK-02-PM10-082708 X

Iron King Mine IKM 8/27/2008 AIK-02-PM10-082708-CO X

Iron King Mine IKM 8/27/2008 AIK-02-TSP-082708 X X

Iron King Mine IKM 8/27/2008 AIK-02-TSP-082708-CO X X

Iron King Mine IKM 8/28/2008 AIK-01A-PM10-082808 X X

Iron King Mine IKM 8/28/2008 AIK-01A-TSP-082808 X X

Iron King Mine IKM 8/28/2008 AIK-02-PM10-082808 X

Iron King Mine IKM 8/28/2008 AIK-02-TSP-082808 X X

Iron King Mine IKM 8/29/2008 AIK-01A-PM10-082908 X X

Iron King Mine IKM 8/29/2008 AIK-01A-TSP-082908 X X

Iron King Mine IKM 8/29/2008 AIK-02-PM10-082908 X

Iron King Mine IKM 8/29/2008 AIK-02-PM10-082908-CO X X

Iron King Mine IKM 8/29/2008 AIK-02-TSP-082908 X X

Iron King Mine IKM 8/29/2008 AIK-02-TSP-082908-CO X X

Iron King Mine IKM 8/30/2008 AIK-01A-PM10-083008 X X

Iron King Mine IKM 8/30/2008 AIK-01A-TSP-083008 X X

Iron King Mine IKM 8/30/2008 AIK-02-PM10-083008 X X

Iron King Mine IKM 8/30/2008 AIK-02-TSP-083008 X X

Iron King Mine IKM 8/31/2008 AIK-01A-PM10-083108 X X

Iron King Mine IKM 8/31/2008 AIK-01A-TSP-083108 X X

Iron King Mine IKM 8/31/2008 AIK-02-PM10-083108 X

Iron King Mine IKM 8/31/2008 AIK-02-TSP-083108 X X

Iron King Mine IKM 1/9/2009 AIK02-PM10-1909 X

Iron King Mine IKM 1/15/2009 AIK02-PM10-11509 X X

Iron King Mine IKM 1/15/2009 AIK02-TSP-11509 X X

Iron King Mine IKM 1/21/2009 AIK02-PM10-12109 X X

Iron King Mine IKM 1/21/2009 AIK02-TSP-12109 X X

Iron King Mine IKM 1/27/2009 AIK-02-PM10-012709 X

Iron King Mine IKM 1/27/2009 AIK-02-TSP-012709 X

Iron King Mine IKM 2/27/2009 AIK-02-PM10-022709 X

Iron King Mine IKM 2/27/2009 AIK-02-TSP-022709 X X

Iron King Mine IKM 3/3/2009 AIK-02-PM10-030309 X

Iron King Mine IKM 3/3/2009 AIK-02-TSP-030309 X X

Iron King Mine IKM 3/13/2009 AIK-02-PM10-030909 X X

Iron King Mine IKM 3/13/2009 AIK-02-TSP-030909 X X

Iron King Mine IKM 3/16/2009 AIK-02-PM10-031509 X X

Iron King Mine IKM 3/16/2009 AIK-02-TSP-031509 X X

Iron King Mine IKM 3/23/2009 AIK-02-PM10-032109 X X

Iron King Mine IKM 3/23/2009 AIK-02-TSP-032109 X X

Iron King Mine IKM 3/30/2009 AIK-02-PM10-032709 X X

Iron King Mine IKM 3/30/2009 AIK-02-TSP-032709 X X

Iron King Mine IKM 4/6/2009 AIK-02-PM10-040209 X X

Iron King Mine IKM 4/6/2009 AIK-02-TEOM-040609-1 X

Iron King Mine IKM 4/6/2009 AIK-02-TSP-040209 X X

Iron King Mine IKM 4/13/2009 AIK-02-PM10-040809 X X

Iron King Mine IKM 4/13/2009 AIK-02-TEOM-041309 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Iron King Mine IKM 4/13/2009 AIK-02-TSP-040809 X X

Iron King Mine IKM 4/16/2009 AIK-02-TEOM-041609 X X

Iron King Mine IKM 4/16/2009 IKM-02-PM10-041409 X X

Iron King Mine IKM 4/16/2009 IKM-02-TSP-041409 X X

Iron King Mine IKM 4/24/2009 AIK-02-PM10-042009 X X

Iron King Mine IKM 4/24/2009 AIK-02-TEOM-042409 X X

Iron King Mine IKM 4/24/2009 AIK-02-TSP-042009 X X

Iron King Mine IKM 5/1/2009 AIK-02-PM10-042609 X X

Iron King Mine IKM 5/1/2009 AIK-02-TEOM-050109 X X

Iron King Mine IKM 5/1/2009 AIK-02-TSP-042609 X X

Iron King Mine IKM 5/7/2009 AIK-02-PM10-050209 X X

Iron King Mine IKM 5/7/2009 AIK-02-TEOM-050709 X X

Iron King Mine IKM 5/7/2009 AIK-02-TSP-050209 X X

Iron King Mine IKM 5/12/2009 AIK-02-PM10-050809 X X

Iron King Mine IKM 5/12/2009 AIK-02-TEOM-051209 X X

Iron King Mine IKM 5/12/2009 AIK-02-TSP-050809 X X

Iron King Mine IKM 5/18/2009 AIK-02-PM10-051409 X X

Iron King Mine IKM 5/18/2009 AIK-02-TEOM-051809 X X

Iron King Mine IKM 5/18/2009 AIK-02-TSP-051409 X X

Iron King Mine IKM 5/25/2009 AIK-02-PM10-052009 X X

Iron King Mine IKM 5/25/2009 AIK-02-TEOM-052509 X X

Iron King Mine IKM 5/25/2009 AIK-02-TSP-052009 X X

Iron King Mine IKM 5/28/2009 AIK-02-PM10-052609 X X

Iron King Mine IKM 5/28/2009 AIK-02-TEOM-052809 X X

Iron King Mine IKM 5/28/2009 AIK-02-TSP-052609 X X

Iron King Mine IKM 6/5/2009 AIK-02-PM10-060109 X X

Iron King Mine IKM 6/5/2009 AIK-02-TEOM-060509 X X

Iron King Mine IKM 6/5/2009 AIK-02-TSP-060109 X X

Iron King Mine IKM 6/11/2009 AIK-02-PM10-060709 X X

Iron King Mine IKM 6/11/2009 AIK-02-TEOM-061109 X X

Iron King Mine IKM 6/11/2009 AIK-02-TSP-060709 X X

Iron King Mine IKM 6/18/2009 AIK-02-TEOM-061809 X X

Iron King Mine IKM 6/18/2009 AIK-02-TSP-061309 X X

Iron King Mine IKM 6/22/2009 AIK-02-PM10-061909 X X

Iron King Mine IKM 6/22/2009 AIK-02-TEOM-062209 X X

Iron King Mine IKM 6/22/2009 AIK-02-TSP-061909 X X

Iron King Mine IKM 6/26/2009 AIK-02-PM10-062509 X X

Iron King Mine IKM 6/26/2009 AIK-02-TEOM-062609 X X

Iron King Mine IKM 6/26/2009 AIK-02-TSP-062509 X X

Iron King Mine IKM 7/6/2009 AIK-02-PM10-070109 X X

Iron King Mine IKM 7/6/2009 AIK-02-TEOM-070609 X X

Iron King Mine IKM 7/6/2009 AIK-02-TSP-070109 X X

Iron King Mine IKM 7/10/2009 AIK-02-PM10-070709 X X

Iron King Mine IKM 7/10/2009 AIK-02-TEOM-071009 X X

Iron King Mine IKM 7/10/2009 AIK-02-TSP-070709 X X

Iron King Mine IKM 7/17/2009 AIK-02-PM10-071309 X X

Iron King Mine IKM 7/17/2009 AIK-02-TEOM-071709 X X

Iron King Mine IKM 7/17/2009 AIK-02-TSP-071309 X X

Iron King Mine IKM 7/21/2009 AIK-02-PM10-071909 X X

Iron King Mine IKM 7/21/2009 AIK-02-TEOM-072109 X X

Iron King Mine IKM 7/21/2009 AIK-02-TSP-071909 X X

Iron King Mine IKM 7/30/2009 AIK-02-PM10-072509 X X

Iron King Mine IKM 7/30/2009 AIK-02-TSP-072509 X

Iron King Mine IKM 8/4/2009 AIK-02-PM10-073109 X X

Iron King Mine IKM 8/4/2009 AIK-02-TEOM-080409 X X

Iron King Mine IKM 8/4/2009 AIK-02-TSP-073109 X X

Iron King Mine IKM 8/11/2009 AIK-02-PM10-080609 X X

Iron King Mine IKM 8/11/2009 AIK-02-TEOM-081109 X X

Iron King Mine IKM 8/11/2009 AIK-02-TSP-080609 X X

Iron King Mine IKM 8/17/2009 AIK-02-TEOM-081709 X X

Iron King Mine IKM 8/17/2009 AIK-02-TSP-081209 X X

Iron King Mine IKM 8/19/2009 AIK-02-PM10-081809 X X

Iron King Mine IKM 8/19/2009 AIK-02-TEOM-081909 X

Iron King Mine IKM 8/19/2009 AIK-02-TSP-081809 X X

Iron King Mine IKM 8/27/2009 AIK-02-PM10-082409 X X

Iron King Mine IKM 8/27/2009 AIK-02-TEOM-082709 X X
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Table 2-9
Ambient Air Sample Data Analyses Summary

Sample Group Point ID Sample Date Sample ID Mercury Metals PM-10 TSP
Iron King Mine IKM 8/27/2009 AIK-02-TSP-082409 X X

Iron King Mine IKM 8/31/2009 AIK-02-PM10-083009 X X

Iron King Mine IKM 8/31/2009 AIK-02-TEOM-083109 X X

Iron King Mine IKM 9/8/2009 AIK-02-PM10-090509 X X

Iron King Mine IKM 9/8/2009 AIK-02-TEOM-090809 X X

Iron King Mine IKM 9/8/2009 AIK-02-TEOM-2-090809 X X

Iron King Mine IKM 9/8/2009 AIK-02-TSP-090509 X

Notes:
PM-10 = Particulate Matter < 10 microns
TSP = Total Suspended Particulates
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Table 2-10
Monitoring Well Installation Information

Well Location Total Depth
(Feet)

Screen Interval
(Feet)

Top of Sand
(Feet)

Casing Elevation
(Feet Above Mean

Sea Level)

Depth to Water
(Feet)

MW-01S Humboldt Smelter AOI 123 106-121 99 4541.0 96.4

MW-02S Humboldt Smelter AOI 54 37-52 33 4514.2 40.2
MW-03S Iron King Mine AOI 40 23-38 21 4604.7 22.7
MW-04S Iron King Mine AOI 59 42-57 39 4638.1 45.1
MW-05S Iron King Mine AOI 59 42-57 39 4638.0 41.7

MW-06D Iron King Mine AOI 350 315-345 303 4757.7 275.1

Notes:
AOI = Area of Interest
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Table 3-1
Summary of Demographic Information

Demographic Information Dewey-Humboldt CDP

Total Population 6,295 (4,434)
2

Number of Households 2,795

Under 5 years 221

5 to 19 years 944

20 to 34 years 499

35 to 44 years 678

45 to 54 years 910

55 to 64 years 1,065

65 years and over 1,978

Median age (years) 53.9

One race 6,238

White 6,070

Black or African American 14

American Indian and Alaska Native 37

Asian 21

Two or more races 57

Hispanic or Latino (of any race) 328

Not Hispanic or Latino 5,967

Median family income $41,232

Per capita income $20,326

Families below poverty level 100

Population 25 and older 5,171

Percent high school graduate or higher 84.8%

Percent bachelor’s degree or higher 14.0%

Civilian labor force 3,329

Unemployed 85

Unemployment rate 2.6%

Taxable sales $34.5 million

Net assessed value $679.7 million

Notes:
1

U.S. Census Bureau, Census 2000, Table DP-1. Profile of General Demographic Characteristics
2

Arizona Department of Commerce Community Profile 2007 statistics
3

U.S. Census Bureau, Census 2000, Table DP-3. Profile of Selected Economic Characteristics
4

U.S. Census Bureau, Census 2000, Table DP-2. Profile of Selected Social Characteristics

CDP - Census-Desginated Place

Education 4

Labor Force 2

Growth Indicators 2

Population 1

Age 1

Race 1

Hispanic or Latino Origin 1

Income 3
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Table 4-1
Historical Data Summary

Area of Investigation Group Code Sample Group
Surface Soil
or Sediment

Subsurface
Soil Deep Soil

Humboldt Smelter HSASH Humboldt Smelter Ash Pile 2

Humboldt Smelter HSOA Humboldt Smelter Operations Area 5

Humboldt Smelter HSTP Humboldt Smelter Tailings Pile 3

Humboldt Smelter IP-HS Impoundment-Pond - Humboldt Smelter 1

Iron King Mine IKMFFP Iron King Mine Former Fertilizer Plant 4 3

Iron King Mine IKMGH Iron King Mine Glory Hole 1

Iron King Mine IKMMP Iron King Mine Mine Plant 4

Iron King Mine IKMMT Iron King Mine Main Tailings Pile 14 5 16

Iron King Mine IKMOA Iron King Mine Operations Area 6 3

Iron King Mine IKMOAM Iron King Mine Operations Area - Miscellaneous 3

Iron King Mine IKMST Iron King Mine Small Tailings Pile 2

Iron King Mine IKMSY Iron King Mine Salvage Yard 19

Iron King Mine IP-IKMMP Impoundment-Pond - Iron King Mine Mine Plant 1

Iron King Mine IP-IKMMT Impoundment-Pond - Iron King Mine Main Tailings Pile 1

Off-site Soil BG Background Sample 2

Off-site Soil O02 Off-site Soil Area 02 10

Off-site Soil O03 Off-site Soil Area 03 10

Off-site Soil O04 Off-site Soil Area 04 10

Off-site Soil O06 Off-site Soil Area 06 10

Off-site Soil O07 Off-site Soil Area 07 10

Off-site Soil O08 Off-site Soil Area 08 10

Off-site Soil O09 Off-site Soil Area 09 10

Off-site Soil O10 Off-site Soil Area 10 10

Off-site Soil O11 Off-site Soil Area 11 10

Off-site Soil O12 Off-site Soil Area 12 10

Off-site Soil O13 Off-site Soil Area 13 10

Off-site Soil O14 Off-site Soil Area 14 10

Off-site Soil O15 Off-site Soil Area 15 10

Off-site Soil O16 Off-site Soil Area 16 10

Off-site Soil O17 Off-site Soil Area 17 10

Off-site Soil O19 Off-site Soil Area 19 10

Off-site Soil O20 Off-site Soil Area 20 10

Off-site Soil OFS-106 Off-site Soil Area 106 1

Off-site Soil OFS-119 Off-site Soil Area 119 1

Off-site Soil OFS-123 Off-site Soil Area 123 1

Off-site Soil OFS-124 Off-site Soil Area 124 1

Off-site Soil OFS-125 Off-site Soil Area 125 1

Off-site Soil OSOIL Off-site Soil 14 2

Off-site Soil OSOIL-BGH1 Off-site Soil Background H1 10

Off-site Soil OSOIL-BGH2 Off-site Soil Background H2 6

Waterway AF Agua Fria 3

Waterway GG Galena Gulch 1

Waterway LCG Lower Chaparral Gulch 1

Waterway LCGDC Lower Chaparral Gulch Dam-Confluence 1

Waterway MCG Middle Chaparral Gulch 3

Waterway UCG Upper Chaparral Gulch 28

Notes:
Sample quantities do not include field duplicate samples.
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Table 4-2
Surface Soil and Sediment Historical Data

Sample Group Data Source Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals SVOCs pH SPLP ABA

Nitrate-
Nitrite-
Sulfate

Agua Fria CLP HS-39 HS-39SS 0 1 28-Jan-04 X X X

Agua Fria CLP HS-39 HS-40SS 0 1 Dup 28-Jan-04 X X X

Background Agua Fria CLP HS-41 HS-41SS 0 1 28-Jan-04 X X X

Background Sample CLP HS-47 HS-47SS 0 1 27-Jan-04 X X X

Background Sample CLP HS-48 HS-48SS 0 1 27-Jan-04 X

Humboldt Smelter Ash Pile CLP HS-05 HS-05SS 0 1 27-Jan-04 X X X

Humboldt Smelter Ash Pile CLP HS-06 HS-06SS 0 1 27-Jan-04 X X X

Humboldt Smelter Operations Area CLP HS-01 HS-01SS 0 1 27-Jan-04 X X X

Humboldt Smelter Operations Area CLP HS-01 HS-02SS 0 1 Dup 27-Jan-04 X X X

Humboldt Smelter Operations Area CLP HS-04 HS-04SS 0 1 27-Jan-04 X X X

Humboldt Smelter Operations Area CLP HS-07 HS-07SS 0 1 27-Jan-04 X X X

Humboldt Smelter Operations Area CLP HS-08 HS-08SS 0 1 27-Jan-04 X X X

Humboldt Smelter Operations Area CLP HS-09 HS-09SS 0 1 27-Jan-04 X X X

Humboldt Smelter Tailings Pile CLP HS-12 HS-12SS 0 1 27-Jan-04 X X X

Humboldt Smelter Tailings Pile CLP HS-13 HS-13SS 0 1 27-Jan-04 X X X

Humboldt Smelter Tailings Pile CLP HS-14 HS-14SS 0 1 27-Jan-04 X X X

Humboldt Smelter Tailings Pile CLP HS-14 HS-15SS 0 1 Dup 27-Jan-04 X X X

Impoundment-Pond - Humboldt Smelter CLP HS-23 HS-23SS 0 1 27-Jan-04 X X X

Iron King Mine Small Tailings Pile CLP HAB-1 HAB-1-0 0 0.2 17-Aug-05 X

Lower Chaparral Gulch CLP HS-16 HS-16SS 0 1 28-Jan-04 X X X

Lower Chaparral Gulch Dam-Confluence CLP HS-38 HS-38SS 0 1 28-Jan-04 X X X

Off-site Soil CLP S-01 S-01-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-02 S-02-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-02 S-02-1 0 0.2 Dup 17-Aug-05 X

Off-site Soil CLP S-03 S-03-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-04 S-04-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-05 S-05-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-06 S-06-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-07 S-07-0 0 0.2 17-Aug-05 X

Off-site Soil CLP S-08 S-08-0 0 0.2 17-Aug-05 X

Off-site Soil Area 02 CLP 02-A 02-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-B 02-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-B 02-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 02 CLP 02-C 02-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-D 02-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-E 02-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-E 02-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 02 CLP 02-E 02-E-2 1.5 1.5 Dup 16-Aug-05 X

Off-site Soil Area 02 CLP 02-F 02-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-G 02-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-H 02-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 02 CLP 02-I 02-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-A 03-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-B 03-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-B 03-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 03 CLP 03-C 03-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-D 03-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-E 03-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-E 03-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 03 CLP 03-F 03-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-G 03-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-H 03-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 03 CLP 03-I 03-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-A 04-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-B 04-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-B 04-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 04 CLP 04-C 04-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-D 04-D-0 0 0.2 16-Aug-05 X
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Table 4-2
Surface Soil and Sediment Historical Data

Sample Group Data Source Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals SVOCs pH SPLP ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 04 CLP 04-E 04-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-E 04-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 04 CLP 04-F 04-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-G 04-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-H 04-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 04 CLP 04-I 04-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-A 06-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-B 06-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-B 06-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 06 CLP 06-C 06-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-D 06-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-E 06-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-E 06-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 06 CLP 06-F 06-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-G 06-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-H 06-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 06 CLP 06-I 06-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-A 07-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-B 07-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-B 07-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 07 CLP 07-C 07-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-D 07-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-E 07-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-E 07-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 07 CLP 07-F 07-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-G 07-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-H 07-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 07 CLP 07-I 07-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-A 08-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-B 08-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-B 08-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 08 CLP 08-C 08-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-D 08-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-E 08-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-E 08-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 08 CLP 08-F 08-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-G 08-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-H 08-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 08 CLP 08-I 08-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 09 CLP 09-A 09-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-B 09-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-B 09-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 09 CLP 09-C 09-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-D 09-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-E 09-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-E 09-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 09 CLP 09-F 09-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-G 09-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-H 09-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 09 CLP 09-I 09-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-A 10-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-B 10-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-B 10-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 10 CLP 10-C 10-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-D 10-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-E 10-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-E 10-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 10 CLP 10-F 10-F-0 0 0.2 15-Aug-05 X
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Table 4-2
Surface Soil and Sediment Historical Data

Sample Group Data Source Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals SVOCs pH SPLP ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 10 CLP 10-G 10-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-H 10-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 10 CLP 10-I 10-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 106 CLP HS-42 HS-42SS 0 1 27-Jan-04 X X X

Off-site Soil Area 11 CLP 11-A 11-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-B 11-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-B 11-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 11 CLP 11-C 11-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-D 11-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-E 11-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-E 11-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 11 CLP 11-F 11-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-G 11-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-H 11-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 11 CLP 11-I 11-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 119 CLP HS-43 HS-43SS 0 1 27-Jan-04 X X X

Off-site Soil Area 12 CLP 12-A 12-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-B 12-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-B 12-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 12 CLP 12-C 12-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-D 12-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-E 12-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-E 12-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 12 CLP 12-E 12-E-2 1.5 1.5 Dup 15-Aug-05 X

Off-site Soil Area 12 CLP 12-F 12-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-G 12-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-H 12-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 12 CLP 12-I 12-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 123 CLP HS-36 HS-36SS 0 1 27-Jan-04 X X X

Off-site Soil Area 124 CLP HS-35 HS-35SS 0 1 27-Jan-04 X X X

Off-site Soil Area 125 CLP HS-34 HS-34SS 0 1 27-Jan-04 X X X

Off-site Soil Area 13 CLP 13-A 13-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-B 13-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-B 13-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 13 CLP 13-C 13-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-D 13-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-E 13-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-E 13-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 13 CLP 13-F 13-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-G 13-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-H 13-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 13 CLP 13-I 13-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-A 14-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-B 14-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-B 14-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 14 CLP 14-C 14-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-D 14-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-E 14-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-E 14-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 14 CLP 14-F 14-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-G 14-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-H 14-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 14 CLP 14-I 14-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-A 15-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-B 15-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-B 15-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 15 CLP 15-C 15-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-D 15-D-0 0 0.2 15-Aug-05 X
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Table 4-2
Surface Soil and Sediment Historical Data

Sample Group Data Source Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals SVOCs pH SPLP ABA

Nitrate-
Nitrite-
Sulfate

Off-site Soil Area 15 CLP 15-E 15-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-E 15-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 15 CLP 15-F 15-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-G 15-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-H 15-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 15 CLP 15-I 15-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-A 16-A-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-B 16-B-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-B 16-B-1 0 0.2 Dup 15-Aug-05 X

Off-site Soil Area 16 CLP 16-C 16-C-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-D 16-D-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-E 16-E-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-E 16-E-1.5 1.5 1.5 15-Aug-05 X

Off-site Soil Area 16 CLP 16-F 16-F-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-G 16-G-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-H 16-H-0 0 0.2 15-Aug-05 X

Off-site Soil Area 16 CLP 16-I 16-I-0 0 0.2 15-Aug-05 X

Off-site Soil Area 17 CLP 17-A 17-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-B 17-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-B 17-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 17 CLP 17-C 17-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-D 17-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-E 17-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-E 17-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 17 CLP 17-F 17-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-G 17-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-H 17-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 17 CLP 17-I 17-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-A 19-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-B 19-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-B 19-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 19 CLP 19-C 19-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-D 19-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-E 19-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-E 19-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 19 CLP 19-F 19-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-G 19-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-H 19-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 19 CLP 19-I 19-I-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-A 20-A-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-B 20-B-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-B 20-B-1 0 0.2 Dup 16-Aug-05 X

Off-site Soil Area 20 CLP 20-C 20-C-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-D 20-D-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-E 20-E-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-E 20-E-1.5 1.5 1.5 16-Aug-05 X

Off-site Soil Area 20 CLP 20-F 20-F-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-G 20-G-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-H 20-H-0 0 0.2 16-Aug-05 X

Off-site Soil Area 20 CLP 20-I 20-I-0 0 0.2 16-Aug-05 X

Off-site Soil Background H1 CLP 01-BG 01-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H1 CLP 01-BG 01-BG-1.5 1.5 1.5 17-Aug-05 X

Off-site Soil Background H1 CLP 02-BG 02-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H1 CLP 02-BG 02-BG-1 0 0.2 Dup 17-Aug-05 X

Off-site Soil Background H1 CLP 02-BG 02-BG-1.5 1.5 1.5 17-Aug-05 X

Off-site Soil Background H1 CLP 03-BG 03-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H1 CLP 04-BG 04-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H1 CLP 05-BG 05-BG-0 0 0.2 17-Aug-05 X
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Surface Soil and Sediment Historical Data

Sample Group Data Source Point ID Sample ID
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Nitrate-
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Off-site Soil Background H2 CLP 06-BG 06-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H2 CLP 06-BG 06-BG-1.5 1.5 1.5 17-Aug-05 X

Off-site Soil Background H2 CLP 07-BG 07-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H2 CLP 08-BG 08-BG-0 0 0.2 17-Aug-05 X

Off-site Soil Background H2 CLP 08-BG 08-BG-1.5 1.5 1.5 17-Aug-05 X

Off-site Soil Background H2 CLP 09-BG 09-BG-0 0 0.2 17-Aug-05 X

Agua Fria CLP IK-D20 IK-D20 0 0.5 12-Apr-02 X X X

Agua Fria CLP IK-D3 IK-D3 0 0.25 12-Apr-02 X X X

Background Chaparral Gulch CLP IK-D2 IK-D2 0 0.5 10-Apr-02 X X X

Background Galena Gulch CLP IK-D1 IK-D1 0 0.5 10-Apr-02 X X X

Galena Gulch CLP IK-D4 IK-D4 0 0.5 12-Apr-02 X X X

Impoundment-Pond - Iron King Mine Main Tailings Pile CLP IK-S20 IK-S20 0 0.25 11-Apr-02 X X X

Impoundment-Pond - Iron King Mine Mine Plant CLP IK-S21 IK-S21 0 0.25 11-Apr-02 X X X

Iron King Mine Former Fertilizer Plant CLP IK-S26 IK-S26 1 2 09-Apr-02 X X X

Iron King Mine Former Fertilizer Plant CLP IK-S6 IK-S6 1 2 09-Apr-02 X X X

Iron King Mine Former Fertilizer Plant CLP IK-S7 IK-S7 1 2 09-Apr-02 X X X

Iron King Mine Former Fertilizer Plant CLP IK-S8 IK-S8 0 0.5 09-Apr-02 X X X

Iron King Mine Former Fertilizer Plant CLP IK-SB26 IK-SB26 5 7 09-Apr-02 X X

Iron King Mine Former Fertilizer Plant CLP IK-SB6 IK-SB6 5 7 09-Apr-02 X X

Iron King Mine Former Fertilizer Plant CLP IK-SB7 IK-SB7 5 7 09-Apr-02 X X

Iron King Mine Glory Hole CLP IK-S23 IK-S23 0 0.5 10-Apr-02 X X X

Iron King Mine Main Tailings Pile CLP IK-S1 IK-S1 1 2 11-Apr-02 X X X

Iron King Mine Main Tailings Pile CLP IK-S2 IK-S2 1 2 11-Apr-02 X X X

Iron King Mine Main Tailings Pile CLP IK-S2 IK-S3 1 2 Dup 11-Apr-02 X X X

Iron King Mine Main Tailings Pile CLP IK-S4 IK-S4 1 2 11-Apr-02 X X X

Iron King Mine Mine Plant CLP IK-S22 IK-S22 1 2 11-Apr-02 X X X

Iron King Mine Mine Plant CLP IK-S27 IK-S27 0 0.25 11-Apr-02 X X X

Iron King Mine Mine Plant CLP IK-S27 IK-S28 0 0.25 Dup 11-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S9 IK-S10 1 2 Dup 08-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S11 IK-S11 1 2 08-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S14 IK-S14 1 2 09-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S18 IK-S18 0 0.5 10-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S19 IK-S19 1 2 09-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S25 IK-S25 0 0.5 10-Apr-02 X X X

Iron King Mine Operations Area CLP IK-S9 IK-S9 1 2 08-Apr-02 X X X

Iron King Mine Operations Area CLP IK-SB9 IK-SB10 5 7 Dup 08-Apr-02 X X

Iron King Mine Operations Area CLP IK-SB11 IK-SB11 5 7 08-Apr-02 X X

Iron King Mine Operations Area CLP IK-SB14 IK-SB14 5 7 09-Apr-02 X X

Iron King Mine Operations Area CLP IK-SB9 IK-SB9 5 7 08-Apr-02 X X

Middle Chaparral Gulch CLP IK-D10 IK-D10 0 0.25 12-Apr-02 X X X

Middle Chaparral Gulch CLP IK-D13 IK-D13 0 0.5 10-Apr-02 X X X

Middle Chaparral Gulch CLP IK-D14 IK-D14 0 0.5 09-Apr-02 X X X

Middle Chaparral Gulch CLP IK-D14 IK-D15 0 0.5 Dup 09-Apr-02 X X X

Off-site Soil CLP IK-S16 IK-S16 1 2 09-Apr-02 X X X

Off-site Soil CLP IK-S17 IK-S17 1 2 09-Apr-02 X X X

Off-site Soil CLP IK-S24 IK-S24 0 0.25 11-Apr-02 X X X

Off-site Soil CLP IK-S30 IK-S30 0 0.5 09-Apr-02 X X X

Off-site Soil CLP IK-S31 IK-S31 0 0.5 09-Apr-02 X X X

Off-site Soil CLP IK-SB16 IK-SB16 5 7 09-Apr-02 X X

Off-site Soil CLP IK-SB17 IK-SB17 5 7 09-Apr-02 X X

Upper Chaparral Gulch CLP IK-D12 IK-D12 0 0.5 12-Apr-02 X X X

Upper Chaparral Gulch CLP IK-D7 IK-D7 0 0.25 11-Apr-02 X X X

Upper Chaparral Gulch CLP IK-D7 IK-D8 0 0.25 Dup 11-Apr-02 X X X

Iron King Mine Main Tailings Pile NAI OS-12 NAI-060S-OS-12 0 0.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-12 NAI-060S-OS-12 1 1.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-13 NAI-060S-OS-13 0 0.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-14 NAI-060S-OS-14 0 0.5 06-Jun-08 X
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Iron King Mine Main Tailings Pile NAI OS-14 NAI-060S-OS-14 1 1.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-14 NAI-060S-OS-14-D 1 1.5 Dup 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-15 NAI-060S-OS-15 0 0.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-15 NAI-060S-OS-15 1 1.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-17 NAI-060S-OS-17 0 0.5 05-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-17 NAI-060S-OS-17 1 1.5 05-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-17 NAI-060S-OS-17-D 0 0.5 Dup 05-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-19 NAI-060S-OS-19 0 0.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-19 NAI-060S-OS-19 1 1.5 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI OS-19 NAI-060S-OS-19-D 0 0.5 Dup 06-Jun-08 X

Iron King Mine Main Tailings Pile NAI B-1 NAI-B1 24.5 25 25-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-1 NAI-B1 44.5 45 25-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-1 NAI-B1 4.5 5 25-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 14.5 15 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 24.5 25 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 34.5 35 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 4.5 5 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 14.5 15 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 24.5 25 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 34.5 35 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 44.5 45 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 4.5 5 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3-D 34.5 35 Dup 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-4 NAI-B-4 14.5 15 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-4 NAI-B-4 4.5 5 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 14.5 15 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 24.5 25 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 34.5 35 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 44.5 45 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 4.5 5 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI B6 NAI-B6 84.5 85 25-Mar-08 X

Iron King Mine Main Tailings Pile NAI B6 NAI-B6 104.5 105 25-Mar-08 X

Iron King Mine Main Tailings Pile NAI B6 NAI-B6-D 104.5 105 Dup 26-Mar-08 X

Iron King Mine Main Tailings Pile NAI S02 NAI-S02 0 0.5 20-Mar-08 X X

Iron King Mine Main Tailings Pile NAI S02 NAI-S02 0.5 1 20-Mar-08 X

Iron King Mine Main Tailings Pile NAI S19 NAI-S19 0 0.5 20-Mar-08 X X

Iron King Mine Main Tailings Pile NAI S19 NAI-S19 0.5 0.83 20-Mar-08 X X

Iron King Mine Main Tailings Pile NAI S19 NAI-S19-D 0.5 0.83 Dup 20-Mar-08 X

Iron King Mine Main Tailings Pile NAI S20 NAI-S20 0 0.5 20-Mar-08 X

Iron King Mine Main Tailings Pile NAI S20 NAI-S20 0.5 1.1 20-Mar-08 X

Iron King Mine Main Tailings Pile NAI S25 NAI-S25 0 0.5 20-Mar-08 X

Iron King Mine Main Tailings Pile NAI S25 NAI-S25 1 1.5 20-Mar-08 X X

Iron King Mine Main Tailings Pile NAI S26 NAI-S26 0 0.5 20-Mar-08 X

Iron King Mine Main Tailings Pile NAI S26 NAI-S26 1 1.5 20-Mar-08 X

Iron King Mine Mine Plant NAI S18 NAI-S18 0 0.5 20-Mar-08 X

Iron King Mine Mine Plant NAI S18 NAI-S18 0.5 1 20-Mar-08 X

Iron King Mine Mine Plant NAI S18 NAI-S18-D 0.5 1 Dup 20-Mar-08 X

Iron King Mine Mine Plant NAI S21 NAI-S21 0 0.5 19-Mar-08 X

Iron King Mine Mine Plant NAI S21 NAI-S21 0.5 0.92 19-Mar-08 X

Iron King Mine Operations Area - Miscellaneous NAI OS-29 NAI-037C-OS-29 0 0.5 06-Jun-08 X

Iron King Mine Operations Area - Miscellaneous NAI OS-77 NAI-039E-OS-77 0 0.5 06-Jun-08 X

Iron King Mine Operations Area - Miscellaneous NAI OS-77 NAI-039E-OS-77 1 1.5 06-Jun-08 X

Iron King Mine Operations Area - Miscellaneous NAI OS-78 NAI-039E-OS-78 0 0.5 06-Jun-08 X

Iron King Mine Operations Area - Miscellaneous NAI OS-78 NAI-039E-OS-78 1 1.25 06-Jun-08 X

Iron King Mine Salvage Yard NAI OS-5 NAI-051C-OS-5 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-5 NAI-051C-OS-5 1 1.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-6 NAI-051C-OS-6 0 0.5 05-Jun-08 X

Page 6 of 8



Table 4-2
Surface Soil and Sediment Historical Data

Sample Group Data Source Point ID Sample ID
Start Depth

(Feet)
End Depth

(Feet)
Duplicate
Sample

Sample
Date Metals SVOCs pH SPLP ABA

Nitrate-
Nitrite-
Sulfate

Iron King Mine Salvage Yard NAI OS-6 NAI-051C-OS-6 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-6 NAI-051C-OS-6-D 0 0.5 Dup 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-7 NAI-051F-OS-7 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-7 NAI-051F-OS-7 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-11 NAI-051K-05-11 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-1 NAI-051K-OS-1 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-1 NAI-051K-OS-1 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-11 NAI-051K-OS-11 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-11 NAI-051K-OS-11 1 1.5 05-Jun-08 X X

Iron King Mine Salvage Yard NAI OS-25 NAI-051K-OS-25 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-25 NAI-051K-OS-25 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-25 NAI-051K-OS-25-D 1 1.5 Dup 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-26 NAI-051K-OS-26 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-26 NAI-051K-OS-26 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-4 NAI-052G-OS-4 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-4 NAI-052G-OS-4 1 1.25 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-21 NAI-052K-05-21 1 1.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-21 NAI-052K-OS-21 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-21 NAI-052K-OS-21 1 1.5 04-Jun-08 X X

Iron King Mine Salvage Yard NAI OS-8 NAI-052K-OS-8 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-8 NAI-052K-OS-8 1 1.25 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-8 NAI-052K-OS-8-D 0 0.5 Dup 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-9 NAI-052K-OS-9 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-9 NAI-052K-OS-9 1 1.25 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-10 NAI-052L-OS-10 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-10 NAI-052L-OS-10 1 1.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-22 NAI-052L-OS-22 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-22 NAI-052L-OS-22 1 1.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-23 NAI-052L-OS-23 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-24 NAI-052L-OS-24 0 0.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-24 NAI-052L-OS-24 1 1.5 04-Jun-08 X

Iron King Mine Salvage Yard NAI OS-18 NAI-060S-OS-18 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-18 NAI-060S-OS-18 1 1.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-20 NAI-060S-OS-20 0 0.5 05-Jun-08 X

Iron King Mine Salvage Yard NAI OS-20 NAI-060S-OS-20 1 1.25 05-Jun-08 X

Iron King Mine Small Tailings Pile NAI S03 NAI-S03 0 0.5 20-Mar-08 X

Iron King Mine Small Tailings Pile NAI S03 NAI-S03 1 1.5 20-Mar-08 X

Off-site Soil NAI OS-3 NAI-064A-OS-3 0 0.5 05-Jun-08 X

Off-site Soil Background H1 NAI OS-60 NAI-064A-05-60 1 1.5 05-Jun-08 X

Off-site Soil Background H1 NAI OS-60 NAI-064A-OS-60 0 0.5 05-Jun-08 X

Off-site Soil Background H1 NAI OS-60 NAI-064A-OS-60 1 1.5 05-Jun-08 X X

Off-site Soil Background H1 NAI OS-82 NAI-064A-OS-82 0 0.5 05-Jun-08 X

Off-site Soil Background H1 NAI OS-82 NAI-064A-OS-82 1 1.5 05-Jun-08 X

Upper Chaparral Gulch NAI OS-50 NAI-002W-05-50 1 1.5 07-Jun-08 X

Upper Chaparral Gulch NAI OS-48 NAI-002W-OS-48 0 0.5 07-Jun-08 X

Upper Chaparral Gulch NAI OS-48 NAI-002W-OS-48 1 1.5 07-Jun-08 X

Upper Chaparral Gulch NAI OS-48 NAI-002W-OS-48-D 1 1.5 Dup 07-Jun-08 X

Upper Chaparral Gulch NAI OS-50 NAI-002W-OS-50 0 0.5 07-Jun-08 X

Upper Chaparral Gulch NAI OS-50 NAI-002W-OS-50 1 1.5 07-Jun-08 X X

Upper Chaparral Gulch NAI OS-52 NAI-002W-OS-52 0 0.5 07-Jun-08 X

Upper Chaparral Gulch NAI OS-52 NAI-002W-OS-52 1 1.25 07-Jun-08 X

Upper Chaparral Gulch NAI OS-90 NAI-002W-OS-90 0 0.5 07-Jun-08 X

Upper Chaparral Gulch NAI OS-30 NAI-035-OS-30 0 0.5 06-Jun-08 X

Upper Chaparral Gulch NAI OS-75 NAI-035-OS-75 0 0.5 06-Jun-08 X

Upper Chaparral Gulch NAI OS-75 NAI-035-OS-75 1 1.5 06-Jun-08 X

Upper Chaparral Gulch NAI OS-76 NAI-039E-OS-76 0 0.5 06-Jun-08 X

Upper Chaparral Gulch NAI OS-76 NAI-039E-OS-76 1 1.5 06-Jun-08 X
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Upper Chaparral Gulch NAI S04 NAI-S04 0 0.5 20-Mar-08 X

Upper Chaparral Gulch NAI S04 NAI-S04 1 1.42 20-Mar-08 X

Upper Chaparral Gulch NAI S05 NAI-S05 0 0.5 20-Mar-08 X

Upper Chaparral Gulch NAI S05 NAI-S05 0.5 0.9 20-Mar-08 X

Upper Chaparral Gulch NAI S06 NAI-S06 0 0.5 20-Mar-08 X

Upper Chaparral Gulch NAI S06 NAI-S06 1 1.5 20-Mar-08 X

Upper Chaparral Gulch NAI S07 NAI-S07 0 0.5 20-Mar-08 X

Upper Chaparral Gulch NAI S07 NAI-S07 1 1.5 20-Mar-08 X

Upper Chaparral Gulch NAI S07 NAI-S07-D 1 1.5 Dup 20-Mar-08 X

Upper Chaparral Gulch NAI S08 NAI-S08 0 0.5 20-Mar-08 X

Upper Chaparral Gulch NAI S08 NAI-S08 1 1.5 20-Mar-08 X

Upper Chaparral Gulch NAI S09 NAI-S09 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S09 NAI-S09 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S1 NAI-S1 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S1 NAI-S1 1 1.25 19-Mar-08 X

Upper Chaparral Gulch NAI S10 NAI-S10 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S10 NAI-S10 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S11 NAI-S11 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S11 NAI-S11 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S11 NAI-S11-D 1 1.5 Dup 19-Mar-08 X

Upper Chaparral Gulch NAI S12 NAI-S12 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S12 NAI-S12 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S12 NAI-S12-D 1 1.5 Dup 19-Mar-08 X

Upper Chaparral Gulch NAI S13 NAI-S13 0 0.5 19-Mar-08 X X

Upper Chaparral Gulch NAI S13 NAI-S13 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S14 NAI-S14 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S14 NAI-S14 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S15 NAI-S15 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S15 NAI-S15 0.5 0.83 19-Mar-08 X

Upper Chaparral Gulch NAI S16 NAI-S16 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S16 NAI-S16 1 1.25 19-Mar-08 X

Upper Chaparral Gulch NAI S17 NAI-S17 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S17 NAI-S17 1 1.5 19-Mar-08 X

Upper Chaparral Gulch NAI S22 NAI-S22 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S22 NAI-S22 0.5 1.1 19-Mar-08 X

Upper Chaparral Gulch NAI S23 NAI-S23 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S23 NAI-S23 0.5 1.1 19-Mar-08 X

Upper Chaparral Gulch NAI S24 NAI-S24 0 0.5 19-Mar-08 X

Upper Chaparral Gulch NAI S24 NAI-S24 1 1.5 19-Mar-08 X

Notes:
CLP = Contract Laboratory Program

Dup = Duplicate sample

NAI = North American Industries

SVOC = Semi-volatile organic compound

SPLP = Synthetic Precipitation Leaching Procedure

ABA = Acid base accounting
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Table 4-3
Sub-Surface and Deep Historical Soil Data

Sample Group Data Source Point ID Sample ID

Start
Depth
(Feet)

End
Depth
(Feet)

Duplicate
Sample

Sample
Date Metals pH

Iron King Mine Former Fertilizer Plant CLP IK-SB26 IK-SB26 5 7 09-Apr-02 X X
Iron King Mine Former Fertilizer Plant CLP IK-SB6 IK-SB6 5 7 09-Apr-02 X X
Iron King Mine Former Fertilizer Plant CLP IK-SB7 IK-SB7 5 7 09-Apr-02 X X

Iron King Mine Operations Area CLP IK-SB9 IK-SB10 5 7 Dup 08-Apr-02 X X
Iron King Mine Operations Area CLP IK-SB11 IK-SB11 5 7 08-Apr-02 X X
Iron King Mine Operations Area CLP IK-SB14 IK-SB14 5 7 09-Apr-02 X X
Iron King Mine Operations Area CLP IK-SB9 IK-SB9 5 7 08-Apr-02 X X

Off-site Soil CLP IK-SB16 IK-SB16 5 7 09-Apr-02 X X
Off-site Soil CLP IK-SB17 IK-SB17 5 7 09-Apr-02 X X

Iron King Mine Main Tailings Pile NAI B-1 NAI-B1 4.5 5 25-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 4.5 5 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 4.5 5 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-4 NAI-B-4 4.5 5 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 4.5 5 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 14.5 15 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 14.5 15 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-4 NAI-B-4 14.5 15 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 14.5 15 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-1 NAI-B1 24.5 25 25-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 24.5 25 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 24.5 25 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 24.5 25 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-2 NAI-B-2 34.5 35 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 34.5 35 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3-D 34.5 35 Dup 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 34.5 35 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-1 NAI-B1 44.5 45 25-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-3 NAI-B-3 44.5 45 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B-5 NAI-B-5 44.5 45 26-Mar-08 X
Iron King Mine Main Tailings Pile NAI B6 NAI-B6 84.5 85 25-Mar-08 X
Iron King Mine Main Tailings Pile NAI B6 NAI-B6 104.5 105 25-Mar-08 X
Iron King Mine Main Tailings Pile NAI B6 NAI-B6-D 104.5 105 Dup 26-Mar-08 X

Notes:
CLP = Contract Laboratory Program
Dup = Duplicate sample
NAI = North American Industries
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Table 4-4
RI Investigation Data Summary

Area of Investigation Group Code Sample Group
Surface Soil
or Sediment

Subsurface
Soil Deep Soil

Surface
Water -

Dissolved
Surface

Water - Total

Ground
Water -

Dissolved
Ground

Water - Total Ambient Air
Ground Water GW Ground Water 66 67

Humboldt Smelter HS Humboldt Smelter 98

Humboldt Smelter HSASH Humboldt Smelter Ash Pile 39 15 1

Humboldt Smelter HSOA Humboldt Smelter Operations Area 58 10

Humboldt Smelter HSOM Humboldt Smelter Off-site Migration 14

Humboldt Smelter HSSLAG Humboldt Smelter Slag 11 2

Humboldt Smelter HSTP Humboldt Smelter Tailings Pile 15 4

Humboldt Smelter IP-HS Impoundment-Pond - Humboldt Smelter 6

Iron King Mine IKM Iron King Mine 111

Iron King Mine IKMFFP Iron King Mine Former Fertilizer Plant 12 7

Iron King Mine IKMGH Iron King Mine Glory Hole 10 3 6

Iron King Mine IKMMP Iron King Mine Mine Plant 13 6

Iron King Mine IKMMT Iron King Mine Main Tailings Pile 36 13 19

Iron King Mine IKMOA Iron King Mine Operations Area 21 9 12

Iron King Mine IKMOAM Iron King Mine Operations Area - Miscellaneous 27 5 1

Iron King Mine IKMST Iron King Mine Small Tailings Pile 21 7 1 1

Iron King Mine IKMSY Iron King Mine Salvage Yard 24

Iron King Mine IP-IKMMP Impoundment-Pond - Iron King Mine Mine Plant 10 3 3

Iron King Mine IP-IKMMT Impoundment-Pond - Iron King Mine Main Tailings Pile 10 6 7

Off-site Soil B1 Background Soil Type 1 10

Off-site Soil B2 Background Soil Type 2 10

Off-site Soil B3 Background Soil Type 3 18

Off-site Soil OSOIL-BGH1 Off-site Soil Background H1 10

Off-site Soil OSOIL-BGH2 Off-site Soil Background H2 6

Off-site Soil BG Background Sample 6 (1) 79

Off-site Soil HIT Humboldt - In Town 106

Off-site Soil O02 Off-site Soil Area 02 10

Off-site Soil O03 Off-site Soil Area 03 10

Off-site Soil O04 Off-site Soil Area 04 10

Off-site Soil O06 Off-site Soil Area 06 10

Off-site Soil O07 Off-site Soil Area 07 10

Off-site Soil O08 Off-site Soil Area 08 10

Off-site Soil O09 Off-site Soil Area 09 10

Off-site Soil O10 Off-site Soil Area 10 10

Off-site Soil O11 Off-site Soil Area 11 10

Off-site Soil O12 Off-site Soil Area 12 10

Off-site Soil O13 Off-site Soil Area 13 10

Off-site Soil O14 Off-site Soil Area 14 10

Off-site Soil O15 Off-site Soil Area 15 10

Off-site Soil O16 Off-site Soil Area 16 10

Off-site Soil O17 Off-site Soil Area 17 10

Off-site Soil O19 Off-site Soil Area 19 10

Off-site Soil O20 Off-site Soil Area 20 10

Off-site Soil OFS-101 Off-site Soil Area 101 16

Off-site Soil OFS-102 Off-site Soil Area 102 10

Off-site Soil OFS-103 Off-site Soil Area 103 10

Off-site Soil OFS-104 Off-site Soil Area 104 10

Off-site Soil OFS-105 Off-site Soil Area 105 10

Off-site Soil OFS-106 Off-site Soil Area 106 11

Off-site Soil OFS-107 Off-site Soil Area 107 10

Off-site Soil OFS-108 Off-site Soil Area 108 10

Off-site Soil OFS-109 Off-site Soil Area 109 10
Off-site Soil OFS-110 Off-site Soil Area 110 10
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Table 4-4
RI Investigation Data Summary

Area of Investigation Group Code Sample Group
Surface Soil
or Sediment

Subsurface
Soil Deep Soil

Surface
Water -

Dissolved
Surface

Water - Total

Ground
Water -

Dissolved
Ground

Water - Total Ambient Air
Off-site Soil OFS-111 Off-site Soil Area 111 10

Off-site Soil OFS-112 Off-site Soil Area 112 10

Off-site Soil OFS-113 Off-site Soil Area 113 10

Off-site Soil OFS-114 Off-site Soil Area 114 10

Off-site Soil OFS-115 Off-site Soil Area 115 10

Off-site Soil OFS-116 Off-site Soil Area 116 10

Off-site Soil OFS-117 Off-site Soil Area 117 10

Off-site Soil OFS-118 Off-site Soil Area 118 10

Off-site Soil OFS-119 Off-site Soil Area 119 11

Off-site Soil OFS-120 Off-site Soil Area 120 10

Off-site Soil OFS-121 Off-site Soil Area 121 10

Off-site Soil OFS-122 Off-site Soil Area 122 10

Off-site Soil OFS-123 Off-site Soil Area 123 11

Off-site Soil OFS-124 Off-site Soil Area 124 11

Off-site Soil OFS-125 Off-site Soil Area 125 11

Off-site Soil OFS-126 Off-site Soil Area 126 10

Off-site Soil OFS-127 Off-site Soil Area 127 10

Off-site Soil OFS-128 Off-site Soil Area 128 10

Off-site Soil OFS-129 Off-site Soil Area 129 10

Off-site Soil OFS-130 Off-site Soil Area 130 10

Off-site Soil OFS-131 Off-site Soil Area 131 10

Off-site Soil OFS-132 Off-site Soil Area 132 10

Off-site Soil OFS-133 Off-site Soil Area 133 10

Off-site Soil OFS-134 Off-site Soil Area 134 10

Off-site Soil OFS-135 Off-site Soil Area 135 10

Off-site Soil OFS-136 Off-site Soil Area 136 9

Off-site Soil OFS-137 Off-site Soil Area 137 10

Off-site Soil OFS-138 Off-site Soil Area 138 10

Off-site Soil OFS-139 Off-site Soil Area 139 10

Off-site Soil OFS-140 Off-site Soil Area 140 10

Off-site Soil OFS-141 Off-site Soil Area 141 10

Off-site Soil OFS-142 Off-site Soil Area 142 10

Off-site Soil OFS-143 Off-site Soil Area 143 10

Off-site Soil OFS-144 Off-site Soil Area 144 10

Off-site Soil OFS-145 Off-site Soil Area 145 10

Off-site Soil OFS-146 Off-site Soil Area 146 16

Off-site Soil OFS-147 Off-site Soil Area 147 10

Off-site Soil OFS-148 Off-site Soil Area 148 10

Off-site Soil OSOIL Off-site Soil 16 2

Waterway AF Agua Fria 23 15 16

Waterway BAF Background Agua Fria 10 7 7

Waterway GG Galena Gulch 24 3

Waterway BGG Background Galena Gulch 10

Waterway LCG Lower Chaparral Gulch 43 10 4 4 5

Waterway LCGDC Lower Chaparral Gulch Dam-Confluence 8 5 7

Waterway MCG Middle Chaparral Gulch 10 4

Waterway UCG Upper Chaparral Gulch 54 4
Waterway BCG Background Chaparral Gulch 10

Notes:
Sample quantities do not include field duplicate samples.

(1) Four rock samples were collected to evaluate native material, which was unprocessed during mining operations.
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 LJ 6.50E+00 mg/kg IKV-108 6 / 21 2.4 - 3.2 1.38E+00 1.60E+03 1.20E+03
PH PH 6.60E+00 7.40E+00 pH Units IK-S1 3 / 3 - 6.88E+00
14808-79-8 SULFATE 1.40E+03 3.40E+04 mg/kg IKV-104 6 / 6 - 1.68E+04 --

METALS
7429-90-5 ALUMINUM 4.86E+03 1.80E+04 mg/kg IKV-106 18 / 18 - 1.13E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.90E-01 J 1.43E+02 mg/kg IKV-108 20 / 23 5 - 6.5 5.07E+01 3.10E+01 4.61E+00 --
7440-38-2 ARSENIC 9.80E+00 1.20E+04 mg/kg OS-12 42 / 42 - 3.10E+03 3.90E-01 3.08E+04 1.00E+01 1.20E+03
7440-39-3 BARIUM 7.70E+00 LJ 1.66E+02 mg/kg IKV-101 15 / 21 8.8 - 21.1 4.87E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.00E-02 J 4.20E-01 J mg/kg IKV-107 8 / 20 0.045 - 1 1.67E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E+00 J 5.43E+01 J mg/kg IKV-108 20 / 23 0.26 - 1 2.35E+01 7.00E+01 3.90E+01 1.39E+00
7440-70-2 CALCIUM 1.27E+04 5.93E+04 mg/kg IK-S2 21 / 21 - 3.48E+04 --
7440-47-3 CHROMIUM 6.60E+00 6.14E+01 mg/kg IK-S4 23 / 23 - 1.88E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.80E+00 2.95E+01 mg/kg IKV-109 17 / 18 2.3 - 2.3 1.31E+01 2.30E+01 1.28E+00 9.00E+02
7440-50-8 COPPER 2.61E+01 1.18E+03 mg/kg IK-S4 23 / 23 - 2.35E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.38E+04 1.93E+05 mg/kg IK-S4 21 / 21 - 1.15E+05 5.50E+04 3.51E+00 --
7439-92-1 LEAD 1.91E+00 J 7.50E+03 mg/kg S19 39 / 42 5 - 5 2.38E+03 4.00E+02 1.88E+01 4.00E+02 1.88E+01
7439-95-4 MAGNESIUM 3.43E+03 2.41E+04 mg/kg IKJ-529 18 / 18 - 1.13E+04 --
7439-96-5 MANGANESE 1.44E+02 1.59E+03 mg/kg IKV-109 18 / 18 - 6.56E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.50E-01 6.50E+01 mg/kg S19 37 / 42 0.083 - 0.11 1.46E+01 6.70E+00 9.70E+00 2.30E+01 2.83E+00
7440-02-0 NICKEL 2.10E+00 J 2.37E+01 mg/kg IKJ-555 20 / 20 - 1.18E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 3.62E+02 1.37E+03 mg/kg IKV-107 8 / 18 29.9 - 503 6.71E+02 --
7782-49-2 SELENIUM 1.17E+01 5.18E+01 mg/kg IKJ-527 19 / 23 3.8 - 5 2.83E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 4.60E-01 J 2.99E+01 mg/kg IKV-108 20 / 23 1.1 - 5 1.31E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.82E+01 J 2.05E+02 J mg/kg IKV-112 18 / 18 108 - 108 7.77E+01 --
7440-28-0 THALLIUM 2.30E-01 J 1.73E+01 mg/kg IKJ-583 12 / 23 2.7 - 5 7.15E+00 5.10E+00 3.39E+00 5.20E+00 3.33E+00
7440-62-2 VANADIUM 2.43E+01 6.63E+01 mg/kg IKV-106 18 / 18 - 3.82E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.40E+01 1.64E+04 mg/kg IKV-108 23 / 23 - 5.93E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-1
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)
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Sample Group Sample ID Units
Arsenic Concentration

(Qualifier)
Lead Concentration

(Qualifier)

Background Soil Type 3 BKG-311-0-0_5 mg/kg 15.9 16.5 J
Background Soil Type 3 BKG-311-S-3_8 mg/kg 7.5 7.2 J
Background Soil Type 3 BKG-311-S-10 mg/kg 15.9 20.2 J
Background Soil Type 3 BKG-311-S-40 mg/kg 16.6 20.2 J
Background Soil Type 3 BKG-311-S-80 mg/kg 19.7 22.9 J
Background Soil Type 3 BKG-311-S-200 mg/kg 18.2 20.8 J

Humboldt Smelter Ash Pile HSJ-580-0-0_5 mg/kg 47.4 423 
Humboldt Smelter Ash Pile HSJ-580-S-10 mg/kg 51.6 J 405 J
Humboldt Smelter Ash Pile HSJ-580-S-40 mg/kg 47.4 J 420 J
Humboldt Smelter Ash Pile HSJ-580-S-80 mg/kg 49.5 J 389 J
Humboldt Smelter Ash Pile HSJ-580-S-200 mg/kg 54.7 J 362 J

Iron King Mine Main Tailings Pile IKJ-583-0-0_5 mg/kg 3550 2150 J
Iron King Mine Main Tailings Pile IKJ-583-S-3_8 mg/kg 4140 2060 J
Iron King Mine Main Tailings Pile IKJ-583-S-10 mg/kg 4130 2110 
Iron King Mine Main Tailings Pile IKJ-583-S-40 mg/kg 4120 2140 J
Iron King Mine Main Tailings Pile IKJ-583-S-80 mg/kg 4180 2190 J
Iron King Mine Main Tailings Pile IKJ-583-S-200 mg/kg 5290 J 2440 

Iron King Mine Small Tailings Pile IKJ-579-0-0_5 mg/kg 669 J 1400 
Iron King Mine Small Tailings Pile IKJ-579-S-3_8 mg/kg 906 J 1050 J
Iron King Mine Small Tailings Pile IKJ-579-S-10 mg/kg 593 J 369 J
Iron King Mine Small Tailings Pile IKJ-579-S-40 mg/kg 819 J 1160 J
Iron King Mine Small Tailings Pile IKJ-579-S-80 mg/kg 985 J 1570 J
Iron King Mine Small Tailings Pile IKJ-579-S-200 mg/kg 1390 J 2250 J

Lower Chaparral Gulch HSJ-582-0-0_5 mg/kg 365 369 
Lower Chaparral Gulch HSJ-582-S-3_8 mg/kg 204 219 
Lower Chaparral Gulch HSJ-582-S-10 mg/kg 334 J 348 
Lower Chaparral Gulch HSJ-582-S-40 mg/kg 353 J 335 
Lower Chaparral Gulch HSJ-582-S-80 mg/kg 351 J 323 
Lower Chaparral Gulch HSJ-582-S-200 mg/kg 356 J 309 

Lower Chaparral Gulch HSJ-583-0-0_5 mg/kg 149 357 
Lower Chaparral Gulch HSJ-583-S-3_8 mg/kg 183 332 
Lower Chaparral Gulch HSJ-583-S-10 mg/kg 181 343 
Lower Chaparral Gulch HSJ-583-S-40 mg/kg 135 285 
Lower Chaparral Gulch HSJ-583-S-200 mg/kg 229 J 453 J

Lower Chaparral Gulch HSJ-584-0-0_5 mg/kg 139 147 
Lower Chaparral Gulch HSJ-584-S-3_8 mg/kg 209 J 263 J
Lower Chaparral Gulch HSJ-584-S-10 mg/kg 159 J 167 J
Lower Chaparral Gulch HSJ-584-S-40 mg/kg 170 J 174 J
Lower Chaparral Gulch HSJ-584-S-80 mg/kg 180 J 193 J
Lower Chaparral Gulch HSJ-584-S-200 mg/kg 213 J 208 J

Off-site Soil Area 101 OFS-101-0-0_5 mg/kg 19 42.9 
Off-site Soil Area 101 OFS-101-S-3_8 mg/kg 3.6 J 5.5 
Off-site Soil Area 101 OFS-101-S-10 mg/kg 25.5 J 70.9 
Off-site Soil Area 101 OFS-101-S-40 mg/kg 37.2 114 
Off-site Soil Area 101 OFS-101-S-80 mg/kg 48 149 
Off-site Soil Area 101 OFS-101-S-200 mg/kg 59.6 184 

Off-site Soil Area 146 OFS-146-0-0_5 mg/kg 37.1 J 41.3 
Off-site Soil Area 146 OFS-146-S-3_8 mg/kg 25.1 13.3 
Off-site Soil Area 146 OFS-146-S-10 mg/kg 38.8 37.5 
Off-site Soil Area 146 OFS-146-S-40 mg/kg 39.2 43.9 
Off-site Soil Area 146 OFS-146-S-80 mg/kg 48.6 52.6 
Off-site Soil Area 146 OFS-146-S-200 mg/kg 67.7 59.7 

Notes:
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.

TABLE 5-2
DISTRIBUTION OF ARSENIC AND LEAD BY PARTICLE SIZE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.40E-01 J 2.77E+01 mg/kg IKV-108 5 / 8 2.8 - 3.1 1.07E+01 1.60E+03 1.20E+03
14808-79-8 SULFATE 1.30E+04 1.30E+04 mg/kg IKV-104 1 / 1 - 1.30E+04 --

METALS
7429-90-5 ALUMINUM 6.02E+03 1.56E+04 mg/kg IKV-112 8 / 8 - 9.77E+03 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.23E+01 J 1.54E+02 mg/kg IKJ-527 8 / 8 - 9.96E+01 3.10E+01 4.97E+00 --
7440-38-2 ARSENIC 2.20E+01 5.85E+03 mg/kg IKJ-525 13 / 13 - 3.71E+03 3.90E-01 1.50E+04 1.00E+01 5.85E+02
7440-39-3 BARIUM 1.59E+01 J 1.59E+01 J mg/kg IKV-108 1 / 8 9.1 - 23.7 1.59E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.00E-02 J 5.00E-02 J mg/kg IKJ-525 2 / 8 0.56 - 0.61 4.50E-02 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.56E+01 6.38E+01 mg/kg IKJ-527 8 / 8 - 4.41E+01 7.00E+01 3.90E+01 1.64E+00
7440-70-2 CALCIUM 3.25E+04 4.55E+04 mg/kg IKV-104 8 / 8 - 3.83E+04 --
7440-47-3 CHROMIUM 9.30E+00 2.33E+01 mg/kg IKV-106 8 / 8 - 1.49E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.35E+01 1.87E+01 mg/kg IKJ-525 8 / 8 - 1.74E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.03E+02 7.27E+02 mg/kg IKV-112 8 / 8 - 3.80E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.19E+05 1.66E+05 mg/kg IKJ-527 8 / 8 - 1.37E+05 5.50E+04 3.02E+00 --
7439-92-1 LEAD 1.90E+03 4.98E+03 mg/kg IKV-108 12 / 13 5 - 5 3.24E+03 4.00E+02 1.25E+01 4.00E+02 1.25E+01
7439-95-4 MAGNESIUM 1.48E+04 2.34E+04 mg/kg IKV-112 8 / 8 - 1.97E+04 --
7439-96-5 MANGANESE 8.15E+02 9.88E+02 mg/kg IKV-102 8 / 8 - 8.89E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.00E+00 3.37E+01 mg/kg IKV-112 12 / 13 0.083 - 0.083 1.71E+01 6.70E+00 5.03E+00 2.30E+01 1.47E+00
7440-02-0 NICKEL 7.90E+00 1.69E+01 mg/kg IKV-112 8 / 8 - 1.33E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 4.09E+01 J 4.09E+01 J mg/kg IKV-108 1 / 8 27.3 - 147 4.09E+01 --
7782-49-2 SELENIUM 2.33E+01 5.22E+01 mg/kg IKJ-527 8 / 8 - 3.64E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.20E+00 J- 3.17E+01 mg/kg IKV-108 8 / 8 - 1.82E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.17E+01 J 8.57E+01 J mg/kg IKV-112 8 / 8 - 4.98E+01 --
7440-28-0 THALLIUM 1.60E+00 J 2.00E+00 J mg/kg IKJ-527 2 / 8 2.8 - 3.1 1.80E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.52E+01 4.17E+01 mg/kg IKV-112 8 / 8 - 3.27E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.26E+03 1.94E+04 mg/kg IKJ-527 8 / 8 - 1.33E+04 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-3
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of 
Detection 

Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.58E+01 1.72E+02 mg/kg IKJ-527 2 / 3 3 - 3 9.39E+01 1.60E+03 1.20E+03
14808-79-8 SULFATE 6.30E+03 6.30E+03 mg/kg IKJ-525 1 / 1 - 6.30E+03 --

METALS
7429-90-5 ALUMINUM 4.42E+03 9.59E+03 mg/kg IKJ-527 3 / 3 - 6.55E+03 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.47E+01 J 1.81E+02 mg/kg IKJ-526 3 / 3 - 1.28E+02 3.10E+01 5.84E+00 --
7440-38-2 ARSENIC 3.64E+03 4.66E+03 mg/kg IKJ-525 3 / 3 - 4.23E+03 3.90E-01 1.19E+04 1.00E+01 4.66E+02
7440-39-3 BARIUM 1.59E+02 1.59E+02 mg/kg IKJ-527 1 / 3 7.2 - 10.4 1.59E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.00E-02 J 3.00E-02 J mg/kg IKJ-525 1 / 3 0.56 - 0.63 3.00E-02 1.60E+02 1.50E+02
7440-43-9 CADMIUM 3.99E+01 J 9.49E+01 J mg/kg IKJ-526 3 / 3 - 6.22E+01 7.00E+01 1.36E+00 3.90E+01 2.43E+00
7440-70-2 CALCIUM 2.57E+04 4.24E+04 mg/kg IKJ-525 3 / 3 - 3.18E+04 --
7440-47-3 CHROMIUM 5.10E+00 J 8.20E+00 mg/kg IKJ-525 3 / 3 - 6.50E+00 2.80E+02 1.20E+05
7440-48-4 COBALT 1.65E+01 1.79E+01 mg/kg IKJ-525 3 / 3 - 1.72E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.81E+02 J 6.45E+02 mg/kg IKJ-526 3 / 3 - 4.34E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.25E+05 1.90E+05 mg/kg IKJ-526 3 / 3 - 1.58E+05 5.50E+04 3.45E+00 --
7439-92-1 LEAD 3.57E+03 8.23E+03 mg/kg IKJ-527 3 / 3 - 6.37E+03 4.00E+02 2.06E+01 4.00E+02 2.06E+01
7439-95-4 MAGNESIUM 1.54E+04 1.81E+04 mg/kg IKJ-525 3 / 3 - 1.67E+04 --
7439-96-5 MANGANESE 6.62E+02 8.98E+02 mg/kg IKJ-527 3 / 3 - 8.04E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.10E+01 1.22E+01 mg/kg IKJ-525 3 / 3 - 1.14E+01 6.70E+00 1.82E+00 2.30E+01
7440-02-0 NICKEL 6.60E+00 1.37E+01 mg/kg IKJ-527 3 / 3 - 1.12E+01 1.60E+03 1.60E+03
7782-49-2 SELENIUM 3.96E+01 7.24E+01 mg/kg IKJ-527 3 / 3 - 5.34E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.67E+01 4.37E+01 mg/kg IKJ-526 3 / 3 - 3.05E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 4.15E+01 J 7.48E+01 J mg/kg IKJ-527 3 / 3 - 5.92E+01 --
7440-28-0 THALLIUM 9.60E-01 J 3.00E+00 mg/kg IKJ-526 2 / 3 3 - 3 1.98E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.47E+01 2.88E+01 mg/kg IKJ-527 3 / 3 - 2.64E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.23E+04 3.37E+04 mg/kg IKJ-526 3 / 3 - 2.08E+04 2.30E+04 1.47E+00 2.30E+04 1.47E+00

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-4
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN DEEP SOIL (GREATER THAN 10 FEET BELOW GROUND SURFACE)

IRON KING MINE MAIN TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.00E-02 LJ 6.00E-01 J mg/kg IP-3 3 / 10 2.9 - 3.9 3.33E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 6.00E-01 LJ 6.00E-01 LJ mg/kg IK-S20 1 / 3 1.4 - 1.7 6.00E-01 1.30E+05 --
PH PH 4.50E+00 4.50E+00 mg/kg IK-S20 1 / 1 - 4.50E+00
14808-79-8 SULFATE 1.70E+04 2.90E+04 mg/kg IP-7 3 / 3 - 2.45E+04 --

METALS
7429-90-5 ALUMINUM 4.06E+03 1.60E+04 mg/kg IP-4 9 / 9 - 1.12E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.90E+00 LJ 1.89E+02 mg/kg IP-9 8 / 10 3.5 - 6.5 8.77E+01 3.10E+01 6.10E+00 --
7440-38-2 ARSENIC 1.51E+03 6.92E+03 mg/kg IP-7 10 / 10 - 4.43E+03 3.90E-01 1.77E+04 1.00E+01 6.92E+02
7440-39-3 BARIUM 2.37E+01 J+ 2.05E+02 mg/kg IK-S20 10 / 10 - 9.38E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 8.40E-02 J 2.30E-01 J mg/kg IP-5 4 / 9 0.64 - 0.78 1.48E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.90E+00 J 4.07E+01 mg/kg IP-3 10 / 10 - 1.10E+01 7.00E+01 3.90E+01 1.04E+00
7440-70-2 CALCIUM 4.07E+03 4.07E+04 mg/kg IP-3 10 / 10 - 2.27E+04 --
7440-47-3 CHROMIUM 8.00E+00 J 2.68E+01 mg/kg IP-4 10 / 10 - 1.47E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 4.00E+00 J 1.68E+01 mg/kg IP-3 9 / 9 - 8.22E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 7.66E+01 5.45E+02 J mg/kg IP-3 10 / 10 - 2.38E+02 3.10E+03 3.10E+03
7439-89-6 IRON 4.95E+04 1.73E+05 mg/kg IP-2 10 / 10 - 1.18E+05 5.50E+04 3.15E+00 --
7439-92-1 LEAD 1.03E+03 9.89E+03 mg/kg IP-9 10 / 10 - 3.80E+03 4.00E+02 2.47E+01 4.00E+02 2.47E+01
7439-95-4 MAGNESIUM 2.24E+03 1.23E+04 mg/kg IP-3 9 / 9 - 6.62E+03 --
7439-96-5 MANGANESE 8.62E+01 6.12E+02 mg/kg IP-3 9 / 9 - 2.99E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.70E+00 4.94E+01 mg/kg IP-9 10 / 10 - 1.76E+01 6.70E+00 7.37E+00 2.30E+01 2.15E+00
7440-02-0 NICKEL 5.00E+00 2.55E+01 mg/kg IP-3 9 / 9 - 1.82E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.08E+02 J+ 1.83E+03 J+ mg/kg IP-7 9 / 9 - 1.02E+03 --
7782-49-2 SELENIUM 1.10E+01 7.12E+01 mg/kg IP-9 10 / 10 - 3.78E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 6.10E+00 6.32E+01 J- mg/kg IP-9 10 / 10 - 2.11E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.64E+01 J 4.84E+02 J mg/kg IP-9 8 / 9 95.9 - 95.9 2.93E+02 --
7440-28-0 THALLIUM 2.00E+00 LJ 1.74E+01 J mg/kg IP-2 9 / 10 3.8 - 3.8 1.25E+01 5.10E+00 3.41E+00 5.20E+00 3.35E+00
7440-62-2 VANADIUM 2.61E+01 1.55E+02 mg/kg IP-2 9 / 9 - 5.65E+01 3.90E+02 7.80E+01 1.99E+00
7440-66-6 ZINC 9.49E+02 1.44E+04 mg/kg IP-3 10 / 10 - 3.89E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-5
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IMPOUNDMENT POND - IRON KING MINE - MAIN TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
14797-55-8 NITRATE AS N 7.00E+02 8.60E+02 µg/L IP-1 2 / 3 100 - 100 7.78E+02 3.73E+06 3.73E+06
14808-79-8 SULFATE 9.90E+06 2.70E+07 µg/L IP-1 3 / 3 - 1.86E+07
TDS TOTAL DISSOLVED SOLIDS 3.70E+07 3.90E+07 µg/L IP-1 1 / 1 - 3.80E+07

METALS
7429-90-5 ALUMINUM 1.65E+05 9.69E+05 µg/L IP-2 7 / 7 - 4.76E+05 8.70E+01 1.11E+04
7440-36-0 ANTIMONY 8.30E+00 5.56E+02 µg/L IP-9 5 / 7 1.4 - 3.5 1.62E+02 3.00E+01 1.85E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 4.40E+01 1.91E+05 µg/L IP-9 7 / 7 - 7.47E+04 1.50E+02 1.27E+03 3.00E+01 6.37E+03 2.80E+02 6.82E+02
7440-39-3 BARIUM 1.87E+01 J 1.87E+01 J µg/L IP-6 1 / 7 1.3 - 50 1.87E+01 4.00E+00 4.68E+00
7440-41-7 BERYLLIUM 4.00E+00 J 1.42E+01 µg/L IP-2 7 / 7 - 9.50E+00 5.30E+00 2.68E+00 1.87E+03 1.87E+03
7440-43-9 CADMIUM 6.52E+02 2.88E+03 µg/L IP-2 7 / 7 - 1.90E+03 6.40E-01 4.50E+03 7.00E+02 4.11E+00 7.00E+02 4.11E+00
7440-70-2 CALCIUM 2.47E+05 6.63E+05 µg/L IP-9 7 / 7 - 4.82E+05
7440-47-3 CHROMIUM 1.67E+01 5.72E+02 µg/L IP-2 7 / 7 - 2.53E+02 2.30E+02 2.49E+00 1.40E+07 1.40E+07
7440-48-4 COBALT 1.63E+02 J 1.32E+03 µg/L IP-9 7 / 7 - 8.49E+02 2.30E+01 5.74E+01
7440-50-8 COPPER 2.54E+03 J 4.72E+04 µg/L IP-9 7 / 7 - 1.97E+04 2.90E+01 1.63E+03
16984-48-8 FLUORIDE 1.20E+04 1.40E+04 J µg/L IP-1 1 / 1 - 1.30E+04
7439-89-6 IRON 1.32E+04 1.30E+07 µg/L IP-9 7 / 7 - 3.21E+06 1.00E+03 1.30E+04
7439-92-1 LEAD 4.06E+01 9.49E+02 µg/L IP-3 7 / 7 - 4.26E+02 4.70E+01 2.02E+01
7439-95-4 MAGNESIUM 2.01E+05 1.44E+06 µg/L IP-4 7 / 7 - 8.94E+05
7439-96-5 MANGANESE 1.38E+04 5.06E+04 µg/L IP-3 7 / 7 - 3.61E+04 1.20E+02 4.22E+02 1.31E+05 1.31E+05
7439-97-6 MERCURY 3.60E-01 1.79E+01 µg/L IP-9 6 / 7 0.2 - 0.2 3.67E+00 7.70E-01 2.32E+01 2.80E+02 2.80E+02
7440-02-0 NICKEL 1.01E+02 J 8.99E+02 µg/L IP-2 7 / 7 - 5.37E+02 1.68E+02 5.35E+00 2.80E+04 2.80E+04
7782-49-2 SELENIUM 5.35E+01 J 7.46E+02 µg/L IP-2 7 / 7 - 3.58E+02 4.60E+00 1.62E+02 4.67E+03 4.67E+03
7440-22-4 SILVER 1.80E+00 J 1.80E+00 J µg/L IP-6 1 / 7 0.23 - 3.8 1.80E+00 3.49E+01 4.67E+03 4.67E+03
7440-23-5 SODIUM 7.60E+02 J 4.59E+04 µg/L IP-9 7 / 7 500 - 500 1.14E+04
7440-62-2 VANADIUM 1.60E+00 J 2.05E+03 µg/L IP-9 7 / 7 - 4.20E+02 2.00E+01 1.03E+02
7440-66-6 ZINC 1.87E+05 1.61E+06 µg/L IP-2 7 / 7 - 8.76E+05 3.80E+02 4.24E+03 2.80E+05 5.75E+00 2.80E+05 5.75E+00

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-6
SURFACE WATER (TOTAL - UNFILTERED)

IMPOUNDMENT-POND IRON KING MINE MAIN TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7429-90-5 ALUMINUM 1.75E+05 9.64E+05 µg/L IP-1 6 / 6 - 5.37E+05 8.70E+01 1.11E+04
7440-36-0 ANTIMONY 7.00E+00 5.63E+02 µg/L IP-9 4 / 6 1.3 - 1.3 2.38E+02 3.00E+01 1.88E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 3.06E+01 2.05E+05 µg/L IP-9 6 / 6 - 9.78E+04 1.50E+02 1.37E+03 3.00E+01 6.83E+03 2.80E+02 7.32E+02
7440-41-7 BERYLLIUM 4.30E+00 1.43E+01 µg/L IP-2 6 / 6 - 1.00E+01 5.30E+00 2.70E+00 1.87E+03 1.87E+03
7440-43-9 CADMIUM 1.28E+03 2.88E+03 µg/L IP-2 6 / 6 - 2.22E+03 6.40E-01 4.50E+03 7.00E+02 4.11E+00 7.00E+02 4.11E+00
7440-70-2 CALCIUM 4.19E+05 6.33E+05 µg/L IP-9 6 / 6 - 5.18E+05
7440-47-3 CHROMIUM 1.68E+01 5.68E+02 µg/L IP-2 6 / 6 - 3.04E+02 2.30E+02 2.47E+00 1.40E+07 1.40E+07
7440-48-4 COBALT 6.52E+02 1.31E+03 µg/L IP-9 6 / 6 - 1.00E+03 2.30E+01 5.70E+01
7440-50-8 COPPER 9.09E+03 4.48E+04 µg/L IP-9 6 / 6 - 2.37E+04 2.90E+01 1.54E+03
7439-89-6 IRON 1.29E+04 1.19E+07 µg/L IP-9 6 / 6 - 3.48E+06 1.00E+03 1.19E+04
7439-92-1 LEAD 1.95E+01 8.85E+02 µg/L IP-3 6 / 6 - 3.90E+02 4.70E+01 1.88E+01
7439-95-4 MAGNESIUM 4.49E+05 1.42E+06 µg/L IP-3 6 / 6 - 9.71E+05
7439-96-5 MANGANESE 2.70E+04 4.98E+04 µg/L IP-3 6 / 6 - 4.02E+04 1.20E+02 4.15E+02 1.31E+05 1.31E+05
7439-97-6 MERCURY 1.00E-01 J 1.20E+00 µg/L IP-9 3 / 6 0.2 - 0.2 4.73E-01 7.70E-01 1.56E+00 2.80E+02 2.80E+02
7440-02-0 NICKEL 4.15E+02 8.78E+02 µg/L IP-2 6 / 6 - 6.25E+02 1.68E+02 5.23E+00 2.80E+04 2.80E+04
7782-49-2 SELENIUM 8.18E+01 7.31E+02 µg/L IP-1 6 / 6 - 4.46E+02 4.60E+00 1.59E+02 4.67E+03 4.67E+03
7440-23-5 SODIUM 2.05E+03 J 4.48E+04 µg/L IP-9 6 / 6 - 1.44E+04
7440-62-2 VANADIUM 1.30E+00 J 2.06E+03 µg/L IP-9 6 / 6 - 5.54E+02 2.00E+01 1.03E+02
7440-66-6 ZINC 4.57E+05 1.74E+06 µg/L IP-9 6 / 6 - 1.10E+06 3.80E+02 4.58E+03 2.80E+05 6.21E+00 2.80E+05 6.21E+00

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
TRV = Toxicity reference value.
FBC = Full body contact.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-7
SURFACE WATER (DISSOLVED - FILTERED)

IMPOUNDMENT-POND IRON KING MINE MAIN TAILINGS PILE
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Sample Group Sample ID
Sample 

Date
Start Depth

(Feet)
End Depth

(Feet) Analyte Method Result Qualifier Units
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 7.0 t CaCO3/Kt
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 81 t CaCO3/Kt
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 74 t CaCO3/Kt
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 8.1 %
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 7.2 units
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 75 %
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.030 J %
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.020 J %
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 0.17 %
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 0.22 %
Humboldt Smelter Ash Pile HSJ-580-0-0_5 1-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.050 J %

Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 265 t CaCO3/Kt
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 0.0 t CaCO3/Kt
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -265 t CaCO3/Kt
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.50 U %
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 2.2 units
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 90 %
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 1.2 %
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 5.6 %
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 1.7 %
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 8.5 %
Iron King Mine Main Tailings Pile IKJ-583-0-0_5 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 6.8 %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 243 t CaCO3/Kt
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 0.0 t CaCO3/Kt
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -243 t CaCO3/Kt
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.50 U %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 2.1 units
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 91 %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.94 %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 4.0 %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 2.8 %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 7.8 %
Iron King Mine Main Tailings Pile IKJ-983-0-0_5 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 5.0 %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 58 t CaCO3/Kt
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 0.0 t CaCO3/Kt
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -58 t CaCO3/Kt
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.50 U %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 3.0 units
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 94 %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.27 %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.13 %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 1.5 %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 1.9 %
Iron King Mine Small Tailings Pile IKJ-579-0-0_5 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.40 %

Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 63 t CaCO3/Kt
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 0.0 t CaCO3/Kt
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -63 t CaCO3/Kt
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.50 U %
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 3.2 units
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 88 %
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.15 %
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.090 J %
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 1.8 %
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 2.0 %
Lower Chaparral Gulch HSJ-582-0-0_5 4-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.24 %

TABLE 5-8
ACID BASE ACCOUNTING DATA SUMMARY
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Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 112 t CaCO3/Kt
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 0.0 t CaCO3/Kt
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -112 t CaCO3/Kt
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.50 U %
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 1.9 units
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 89 %
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.38 %
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.20 %
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 3.0 %
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 3.6 %
Lower Chaparral Gulch HSJ-583-0-0_5 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.58 %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 80 t CaCO3/Kt
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 0.0 t CaCO3/Kt
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -80 t CaCO3/Kt
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.50 U %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 3.7 units
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 88 %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.20 %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.060 J %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 2.3 %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 2.6 %
Lower Chaparral Gulch HSJ-584-0-0_5 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.26 %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 15 t CaCO3/Kt
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 8.0 t CaCO3/Kt
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -7.0 t CaCO3/Kt
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.80 %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 6.3 units
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 88 %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.14 %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.10 U %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 0.34 %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 0.49 %
Lower Chaparral Gulch SD-CG-22-0_5-2 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.15 %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Acid Generation Potential (calc on Sulfur total) M600/2-78-054 1.3 15 t CaCO3/Kt
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Acid Neutralization Potential (calc) M600/2-78-054 1.3 6.0 t CaCO3/Kt
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Acid-Base Potential (calc on Sulfur total) M600/2-78-054 1.3 -9.0 t CaCO3/Kt
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Neutralization Potential as CaCO3 M600/2-78-054 3.2.3 0.60 %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 pH, Saturated Paste USDA No. 60 (21A) 5.6 units
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Solids, Percent CLPSOW390, PART F, D 75 %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Sulfur Organic Residual M600/2-78-054 3.2.4 0.27 %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Sulfur Pyritic Sulfide M600/2-78-054 3.2.4 0.020 J %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Sulfur Sulfate M600/2-78-054 3.2.4 0.19 %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Sulfur Total M600/2-78-054 3.2.4 0.48 %
Lower Chaparral Gulch SD-CG-22-7-8 2-May-09 0 0.50 Total Sulfur minus Sulfate M600/2-78-054 3.2.4 0.29 %

Notes:
J = The analyte was positively identified, but the associated numerical value is estimated.
U =  The analyte was not positively identified at a concentration above the sample quantitation limit.
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Background Sample 14-Oct-08 0 0.5 BKG-320 BKG-320 Arsenic 21 µg/L 200 mg/kg

Background Sample 14-Oct-08 0 0.5 BKG-320 BKG-320 Calcium 9500 µg/L 47700 mg/kg

Background Sample 14-Oct-08 0 0.5 BKG-320 BKG-320 Magnesium 330 J µg/L 841 mg/kg

Background Sample 14-Oct-08 0 0.5 BKG-320 BKG-320 Mercury 0.02 J µg/L 0.047 UJ mg/kg

Background Sample 14-Oct-08 0 0.5 BKG-320 BKG-320 Potassium 4900 J µg/L 108 J mg/kg

Background Sample 14-Oct-08 0 0.5 BKG-320 BKG-320 Sodium 6900 µg/L 65.9 J mg/kg

Background Sample 11-Sep-08 0 2 IKJ-548 IKJ-548-0-2 Arsenic 10 J µg/L 316 mg/kg

Background Sample 11-Sep-08 0 2 IKJ-548 IKJ-548-0-2 Calcium 40000 µg/L 52400 mg/kg

Background Sample 11-Sep-08 0 2 IKJ-548 IKJ-548-0-2 Magnesium 7400 µg/L 9310 mg/kg

Background Sample 11-Sep-08 0 2 IKJ-548 IKJ-548-0-2 Mercury 0.02 J µg/L 0.27 mg/kg

Background Sample 11-Sep-08 0 2 IKJ-548 IKJ-548-0-2 Sodium 7400 µg/L 62.8 J mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Aluminum 4100 J µg/L 63100 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Barium 43 J µg/L 394 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Calcium 3400 µg/L 42700 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Chromium 8 J µg/L 106 J mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Iron 2500 J µg/L 31300 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Magnesium 1100 µg/L 20100 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Mercury 0.1 J µg/L 0.068 J mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Potassium 45000 J µg/L 8750 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Selenium 12 J µg/L 4.9 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Sodium 57000 J µg/L 1370 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 0 2 HSJ-504 HSJ-504-0-2 Vanadium 14 J µg/L 70.2 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Aluminum 930 J µg/L 32700 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Calcium 1400 µg/L 87200 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Iron 590 J µg/L 31100 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Magnesium 400 J µg/L 14800 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Mercury 0.1 µg/L 0.12 U mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Potassium 27000 µg/L 5810 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Sodium 51000 µg/L 1780 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7 Vanadium 17 J µg/L 67.4 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Aluminum 710 J µg/L 33600 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Calcium 1300 µg/L 76200 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Magnesium 390 J µg/L 15000 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Mercury 0.04 µg/L 0.11 U mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Potassium 21000 µg/L 6130 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Sodium 45000 µg/L 1590 mg/kg

Humboldt Smelter Ash Pile 09-Sep-08 4 7 HSJ-504 HSJ-504-4-7-D Vanadium 21 µg/L 65 mg/kg

Humboldt Smelter Ash Pile 23-Aug-08 0 0.5 HSJ-539 HSJ-539-0-0_5 Barium 92 J µg/L 139 J mg/kg

Humboldt Smelter Ash Pile 23-Aug-08 0 0.5 HSJ-539 HSJ-539-0-0_5 Calcium 34000 µg/L 4660 J mg/kg

Humboldt Smelter Ash Pile 23-Aug-08 0 0.5 HSJ-539 HSJ-539-0-0_5 Magnesium 45000 µg/L 15100 mg/kg

Humboldt Smelter Ash Pile 23-Aug-08 0 0.5 HSJ-539 HSJ-539-0-0_5 Potassium 75000 J µg/L 1780 J+ mg/kg

Humboldt Smelter Ash Pile 23-Aug-08 0 0.5 HSJ-539 HSJ-539-0-0_5 Selenium 62 µg/L 15.6 mg/kg

Humboldt Smelter Ash Pile 23-Aug-08 0 0.5 HSJ-539 HSJ-539-0-0_5 Sodium 280000 J µg/L 3320 mg/kg

TABLE 5-9
SOIL/SEDIMENT SPLP DATA
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TABLE 5-9
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Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Aluminum 1000 U U µg/L 122000 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Antimony 20 U U µg/L 16.6 J J mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Arsenic 17 J J µg/L 47.4 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Barium 170 µg/L 73.5 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Beryllium 1 U U µg/L 22.4 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Cadmium 5 U U µg/L 8.3 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Calcium 49000 µg/L 3650 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Chromium 10 U U µg/L 268 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Cobalt 20 U U µg/L 5.6 J J mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Copper 40 U U µg/L 3940 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Iron 1000 U U µg/L 9200 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Lead 30 U U µg/L 423 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Magnesium 180000 µg/L 41500 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Manganese 71 µg/L 550 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Mercury 0.14 µg/L 0.44 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Nickel 50 U U µg/L 110 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Potassium 1300000 µg/L 33900 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Selenium 25 µg/L 10.6 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Silver 6 J J µg/L 4.5 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Sodium 1400000 J J µg/L 38300 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Thallium 50 U U µg/L 3.3 UJ UJ mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Vanadium 20 U U µg/L 55.5 mg/kg

Humboldt Smelter Ash Pile 01-May-09 0 0.5 HSJ-580 HSJ-580-0-0_5 Zinc 80 U U µg/L 2930 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Aluminum 9700 µg/L 23100 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Arsenic 28 µg/L 44.8 J mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Barium 140 µg/L 445 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Calcium 4000 µg/L 24400 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Chromium 15 µg/L 64 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Copper 150 µg/L 655 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Iron 5900 µg/L 22800 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Lead 19 J µg/L 105 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Magnesium 2000 µg/L 6720 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Manganese 34 J µg/L 999 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Sodium 61000 J µg/L 2040 J mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Vanadium 21 µg/L 59.3 mg/kg

Humboldt Smelter Slag 27-Aug-08 0 2 HSJ-507 HSJ-507-0-2 Zinc 100 µg/L 581 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Aluminum 4200 µg/L 19700 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Arsenic 29 µg/L 38.1 J mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Barium 48 J µg/L 1680 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Calcium 2500 µg/L 61000 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Iron 1600 µg/L 16200 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Magnesium 1200 µg/L 14100 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Manganese 29 J µg/L 509 mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Sodium 51000 J µg/L 1990 J mg/kg

Humboldt Smelter Slag 27-Aug-08 4 7 HSJ-507 HSJ-507-4-7 Vanadium 18 J µg/L 36.7 mg/kg

Humboldt Smelter Slag 11-Sep-08 0 2 HSJ-514 HSJ-514-0-2 Calcium 800 J µg/L 132 UJ mg/kg

Humboldt Smelter Slag 11-Sep-08 0 2 HSJ-514 HSJ-514-0-2 Magnesium 280 J µg/L 754 mg/kg

Humboldt Smelter Slag 11-Sep-08 0 2 HSJ-514 HSJ-514-0-2 Sodium 5200 µg/L 4.2 J mg/kg
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Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Aluminum 550 J J µg/L 6290 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Antimony 88 µg/L 19.7 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Arsenic 190 µg/L 601 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Barium 45 J J µg/L 269 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Beryllium 1 U U µg/L 0.21 UJ UJ mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Cadmium 5 U U µg/L 4 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Calcium 2500 µg/L 9850 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Chromium 10 U U µg/L 10.7 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Cobalt 20 U U µg/L 24.2 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Copper 250 µg/L 2200 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Iron 3200 µg/L 48300 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Lead 150 µg/L 972 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Magnesium 350 J J µg/L 4110 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Manganese 27 J J µg/L 428 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Mercury 0.06 µg/L 0.45 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Nickel 50 U U µg/L 9.5 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Potassium 5000 U U µg/L 1050 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Selenium 20 U U µg/L 5.4 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Silver 10 U U µg/L 11.8 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Sodium 5600 UJ UJ µg/L 173 J J mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Thallium 50 U U µg/L 2.5 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Vanadium 20 U U µg/L 25.3 mg/kg

Humboldt Smelter Slag 29-Apr-09 0 2 HSJ-561 HSJ-561-0-2 Zinc 660 µg/L 6880 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Barium 26 J µg/L 252 J+ mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Cadmium 3 J µg/L 4.7 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Calcium 410000 µg/L 65800 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Magnesium 25000 µg/L 7950 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Mercury 0.12 µg/L 0.17 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Potassium 3600 J µg/L 2450 J+ mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2 Sodium 860 J µg/L 231 J mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Barium 31 J µg/L 291 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Cadmium 2 J µg/L 2.2 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Calcium 500000 µg/L 43800 J mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Magnesium 21000 µg/L 8850 J mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Mercury 0.07 µg/L 0.23 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Potassium 3400 J µg/L 2820 J+ mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 0 2 HSJ-501 HSJ-501-0-2-D Sodium 6600 µg/L 280 J mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 4 7 HSJ-501 HSJ-501-4-7 Barium 46 J µg/L 516 J+ mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 4 7 HSJ-501 HSJ-501-4-7 Calcium 67000 µg/L 44400 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 4 7 HSJ-501 HSJ-501-4-7 Magnesium 32000 µg/L 12600 mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 4 7 HSJ-501 HSJ-501-4-7 Mercury 0.02 J µg/L 0.12 U mg/kg

Humboldt Smelter Tailings Pile 04-Sep-08 4 7 HSJ-501 HSJ-501-4-7 Sodium 7100 µg/L 308 J mg/kg
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Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Aluminum 32000 µg/L 7080 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Arsenic 10 J µg/L 1690 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Barium 180 µg/L 111 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Beryllium 0.6 J µg/L 0.13 UJ mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Cadmium 63 µg/L 0.98 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Calcium 520000 µg/L 12300 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Chromium 18 µg/L 25.4 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Cobalt 46 µg/L 1.7 UJ mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Copper 1100 µg/L 128 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Iron 9700 µg/L 55400 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Magnesium 20000 µg/L 3630 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Manganese 2000 µg/L 260 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Nickel 41 J µg/L 5.1 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Sodium 7500 J µg/L 367 J mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 0 2 IKJ-522 IKJ-522-0-2 Zinc 11000 µg/L 1140 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Aluminum 25000 µg/L 14400 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Barium 160 µg/L 171 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Beryllium 4 µg/L 0.48 UJ mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Cadmium 65 µg/L 3 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Calcium 230000 µg/L 7890 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Chromium 6 J µg/L 12.7 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Cobalt 170 µg/L 19.2 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Copper 850 µg/L 106 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Magnesium 23000 µg/L 6710 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Manganese 7500 µg/L 916 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Nickel 85 µg/L 12.6 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Sodium 6500 J µg/L 76.8 J mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKJ-522 IKJ-522-4-7 Zinc 15000 µg/L 887 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Aluminum 1500 µg/L 13700 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Barium 45 J µg/L 121 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Iron 1900 µg/L 25400 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Magnesium 420 J µg/L 7690 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Manganese 58 µg/L 929 mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Sodium 25000 J µg/L 432 J mg/kg

Iron King Mine Former Fertilizer Plant 22-Aug-08 4 7 IKV-137 IKV-137-4-7 Vanadium 13 J µg/L 48.9 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Arsenic 140 µg/L 5360 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Barium 66 µg/L 8.8 UJ mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Cadmium 110 µg/L 43.9 J mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Calcium 560000 µg/L 34200 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Cobalt 120 µg/L 15.2 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Magnesium 59000 µg/L 10200 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Manganese 7700 µg/L 765 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Nickel 80 µg/L 6.5 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Selenium 29 µg/L 29.1 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 0 2 IKJ-525 IKJ-525-0-2 Zinc 34000 µg/L 12700 mg/kg
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Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Arsenic 13 J µg/L 5850 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Barium 110 µg/L 13.3 UJ mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Cadmium 6 µg/L 39 J mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Calcium 260000 µg/L 34500 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Magnesium 41000 µg/L 14800 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Manganese 1400 µg/L 901 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Selenium 20 µg/L 32.3 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Sodium 6800 J µg/L 33.1 J mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 4 7 IKJ-525 IKJ-525-4-7 Zinc 230 µg/L 11600 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Barium 130 µg/L 10.4 UJ mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Cadmium 2 J µg/L 39.9 J mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Calcium 90000 µg/L 42400 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Magnesium 11000 µg/L 18100 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Manganese 230 µg/L 853 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Selenium 44 µg/L 39.6 mg/kg

Iron King Mine Main Tailings Pile 20-Aug-08 35 38 IKJ-525 IKJ-525-35-38 Sodium 7100 J µg/L 41.5 J mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Aluminum 12000 µg/L 11800 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Antimony 20 U U µg/L 24.1 J J mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Arsenic 360 µg/L 3550 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Barium 64 µg/L 30.6 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Beryllium 1 U U µg/L 0.074 UJ UJ mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Cadmium 50 µg/L 8.3 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Calcium 570000 µg/L 35700 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Chromium 44 µg/L 22.8 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Cobalt 43 µg/L 6.9 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Copper 590 µg/L 148 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Iron 180000 µg/L 121000 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Lead 30 U U µg/L 2150 J J mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Magnesium 18000 µg/L 8750 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Manganese 1700 µg/L 419 J J mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Mercury 0.02 J J µg/L 10.9 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Nickel 25 J J µg/L 10.7 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Potassium 5000 U U µg/L 362 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Selenium 20 U U µg/L 24.2 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Silver 10 U U µg/L 9.6 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Sodium 6100 UJ UJ µg/L 51.3 J J mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Thallium 50 U U µg/L 15.4 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Vanadium 20 U U µg/L 39.3 mg/kg

Iron King Mine Main Tailings Pile 02-May-09 0 0.5 IKJ-583 IKJ-583-0-0_5 Zinc 16000 µg/L 3800 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-531 IKJ-531-4-7 Arsenic 20 µg/L 34.4 J mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-531 IKJ-531-4-7 Barium 40 J µg/L 152 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-531 IKJ-531-4-7 Calcium 22000 µg/L 14900 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-531 IKJ-531-4-7 Magnesium 5200 µg/L 10900 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-531 IKJ-531-4-7 Mercury 0.29 J µg/L 0.13 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-531 IKJ-531-4-7 Sodium 21000 J µg/L 192 J mg/kg
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Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7 Barium 40 J µg/L 83.8 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7 Calcium 60000 µg/L 28900 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7 Magnesium 30000 µg/L 10000 mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7 Sodium 7200 J µg/L 89.9 J mg/kg

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7-D Barium 35 J µg/L

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7-D Calcium 45000 µg/L

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7-D Magnesium 26000 µg/L

Iron King Mine Mine Plant 18-Aug-08 4 7 IKJ-532 IKJ-532-4-7-D Sodium 7200 J µg/L

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Aluminum 1200 µg/L 7580 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Arsenic 17 J µg/L 65.6 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Barium 150 µg/L 86.7 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Calcium 6200 µg/L 3660 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Iron 1300 µg/L 22700 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Magnesium 1600 µg/L 4640 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 0 2 IKJ-537 IKJ-537-0-2 Sodium 8000 J µg/L 81.9 J mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Aluminum 580 J µg/L 5280 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Arsenic 16 J µg/L 24.7 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Barium 110 µg/L 63.8 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Calcium 6900 µg/L 2950 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Iron 660 J µg/L 17400 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Magnesium 1200 µg/L 3340 mg/kg

Iron King Mine Small Tailings Pile 21-Aug-08 4 7 IKJ-537 IKJ-537-4-7 Sodium 7800 J µg/L 107 J mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Aluminum 8000 µg/L 10200 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Antimony 20 U U µg/L 9.6 J J mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Arsenic 14 J J µg/L 669 J J mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Barium 60 µg/L 55.2 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Beryllium 1 U U µg/L 0.54 U U mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Cadmium 7 µg/L 0.54 U U mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Calcium 350000 µg/L 13000 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Chromium 10 U U µg/L 11.6 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Cobalt 20 U U µg/L 5.5 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Copper 200 µg/L 88.3 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Iron 1000 U U µg/L 46700 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Lead 30 U U µg/L 1400 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Magnesium 2100 µg/L 4990 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Manganese 140 µg/L 229 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Mercury 0.4 µg/L 9 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Nickel 50 U U µg/L 7.8 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Potassium 5000 U U µg/L 916 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Selenium 20 U U µg/L 13.1 J- J- mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Silver 10 U U µg/L 7.8 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Sodium 6100 UJ UJ µg/L 382 J J mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Thallium 50 U U µg/L 1 J J mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Vanadium 20 U U µg/L 65.8 mg/kg

Iron King Mine Small Tailings Pile 02-May-09 0 0.5 IKJ-579 IKJ-579-0-0_5 Zinc 1900 µg/L 455 mg/kg
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TABLE 5-9
SOIL/SEDIMENT SPLP DATA

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Aluminum 60000 J J µg/L 22300 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Antimony 100 U U µg/L 2.9 J J mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Arsenic 100 U U µg/L 365 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Barium 250 U U µg/L 157 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Beryllium 8 J J µg/L 0.26 UJ UJ mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Cadmium 660 J J µg/L 9.9 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Calcium 510000 µg/L 14500 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Chromium 50 U U µg/L 25.1 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Cobalt 210 J J µg/L 9.2 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Copper 2500 J J µg/L 211 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Iron 5000 UJ UJ µg/L 53100 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Lead 150 UJ UJ µg/L 369 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Magnesium 62000 J J µg/L 7090 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Manganese 5600 J J µg/L 278 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Mercury 0.02 J J µg/L 2.3 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Nickel 200 J J µg/L 17.7 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Potassium 25000 UJ UJ µg/L 2890 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Selenium 100 U U µg/L 2.5 J- J- mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Silver 50 U U µg/L 2.2 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Sodium 7500 UJ UJ µg/L 392 J J mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Thallium 250 U U µg/L 1 J J mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Vanadium 100 U U µg/L 59 mg/kg

Lower Chaparral Gulch 04-May-09 0 0.5 HSJ-582 HSJ-582-0-0_5 Zinc 190000 J J µg/L 3730 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Aluminum 60000 µg/L 3870 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Antimony 20 U U µg/L 4.3 UJ UJ mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Arsenic 1500 µg/L 149 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Barium 62 µg/L 26.2 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Beryllium 1 U U µg/L 0.54 U U mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Cadmium 12 µg/L 1.1 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Calcium 520000 µg/L 20000 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Chromium 8 J J µg/L 0.81 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Cobalt 880 µg/L 19.6 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Copper 18000 µg/L 1290 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Iron 470000 µg/L 47500 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Lead 30 U U µg/L 357 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Magnesium 46000 µg/L 1140 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Manganese 320 µg/L 9.2 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Mercury 0.03 U U µg/L 0.56 J+ J+ mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Nickel 60 µg/L 1.6 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Potassium 5000 U U µg/L 3620 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Selenium 51 µg/L 10.2 J- J- mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Silver 10 U U µg/L 16 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Sodium 6600 UJ UJ µg/L 481 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Thallium 50 U U µg/L 4.7 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Vanadium 20 U U µg/L 5.4 U U mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-583 HSJ-583-0-0_5 Zinc 1900 µg/L 58.5 mg/kg
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TABLE 5-9
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Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Aluminum 9000 µg/L 7770 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Antimony 20 U U µg/L 2.7 UJ UJ mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Arsenic 23 µg/L 139 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Barium 50 µg/L 71.7 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Beryllium 7 µg/L 0.55 U U mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Cadmium 300 µg/L 8.9 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Calcium 350000 µg/L 15100 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Chromium 10 U U µg/L 9.6 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Cobalt 1100 µg/L 35.5 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Copper 36000 µg/L 1560 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Iron 1000 U U µg/L 23100 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Lead 30 U U µg/L 147 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Magnesium 330000 µg/L 10900 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Manganese 44000 µg/L 1310 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Mercury 0.05 µg/L 0.27 J+ J+ mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Nickel 440 µg/L 20.6 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Potassium 16000 J J µg/L 1710 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Selenium 20 U U µg/L 5.5 J- J- mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Silver 10 U U µg/L 1.8 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Sodium 77000 J J µg/L 1690 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Thallium 50 U U µg/L 0.86 UJ UJ mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Vanadium 20 U U µg/L 28.6 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 HSJ-584 HSJ-584-0-0_5 Zinc 150000 µg/L 3100 mg/kg

Lower Chaparral Gulch 05-Sep-08 0 0.5 CG-16 SD-CG-16 Calcium 15000 µg/L 2470 mg/kg

Lower Chaparral Gulch 05-Sep-08 0 0.5 CG-16 SD-CG-16 Magnesium 1600 µg/L 2760 mg/kg

Lower Chaparral Gulch 05-Sep-08 0 0.5 CG-16 SD-CG-16 Manganese 38 J µg/L 172 J mg/kg

Lower Chaparral Gulch 05-Sep-08 0 0.5 CG-16 SD-CG-16 Mercury 0.03 µg/L 0.15 mg/kg

Lower Chaparral Gulch 05-Sep-08 0 0.5 CG-16 SD-CG-16 Sodium 6100 µg/L 65.1 J mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Aluminum 1000 U U µg/L 6770 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Antimony 20 U U µg/L 2.5 UJ UJ mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Arsenic 20 U U µg/L 75.2 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Barium 36 J J µg/L 49 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Beryllium 1 U U µg/L 0.6 U U mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Cadmium 5 U U µg/L 1.3 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Calcium 34000 µg/L 3810 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Chromium 10 U U µg/L 8.9 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Cobalt 20 U U µg/L 7.7 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Copper 40 U U µg/L 385 J J mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Iron 1000 U U µg/L 18400 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Lead 30 U U µg/L 52.8 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Magnesium 3700 µg/L 3260 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Manganese 50 U U µg/L 391 J J mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Mercury 0.03 U U µg/L 0.078 J+ J+ mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Nickel 50 U U µg/L 9 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Potassium 5000 U U µg/L 1220 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Selenium 20 U U µg/L 2.7 J- J- mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Silver 10 U U µg/L 0.79 J J mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Sodium 6700 UJ UJ µg/L 125 J J mg/kg
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TABLE 5-9
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Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Thallium 50 U U µg/L 3 U U mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Vanadium 20 U U µg/L 25.6 mg/kg

Lower Chaparral Gulch 02-May-09 0.5 2 CG-22 SD-CG-22-0_5-2 Zinc 80 U U µg/L 518 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Aluminum 1000 U U µg/L 10100 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Antimony 20 U U µg/L 2.7 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Arsenic 14 J J µg/L 147 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Barium 58 µg/L 93.1 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Beryllium 1 U U µg/L 0.63 U U mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Cadmium 5 U U µg/L 1.3 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Calcium 200000 µg/L 10400 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Chromium 10 U U µg/L 13.4 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Cobalt 20 U U µg/L 11.1 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Copper 40 U U µg/L 524 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Iron 1000 U U µg/L 28600 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Lead 30 U U µg/L 139 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Magnesium 14000 µg/L 4880 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Manganese 50 U U µg/L 401 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Mercury 0.04 µg/L 0.44 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Nickel 50 U U µg/L 13.5 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Potassium 5000 U U µg/L 1800 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Selenium 20 U U µg/L 5.1 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Silver 10 U U µg/L 2.3 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Sodium 11000 UJ UJ µg/L 150 J J mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Thallium 50 U U µg/L 0.83 UJ UJ mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Vanadium 20 U U µg/L 39.4 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-0-0_5 Zinc 80 U U µg/L 508 mg/kg

Lower Chaparral Gulch 02-May-09 0 0.5 CG-22 SD-CG-22-7-8 Aluminum 1000 U U µg/L 21000 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Antimony 20 U U µg/L 5.7 J J mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Arsenic 240 µg/L 418 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Barium 94 µg/L 187 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Beryllium 1 U U µg/L 0.11 UJ UJ mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Cadmium 2 J J µg/L 2.9 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Calcium 77000 µg/L 6180 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Chromium 10 U U µg/L 21.4 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Cobalt 43 µg/L 14.6 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Copper 40 U U µg/L 726 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Iron 2100 µg/L 45800 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Lead 30 U U µg/L 631 J J mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Magnesium 8400 µg/L 7150 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Manganese 2900 µg/L 510 J J mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Mercury 0.03 U U µg/L 2 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Nickel 50 U U µg/L 19.3 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Potassium 8100 µg/L 2970 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Selenium 20 U U µg/L 9.5 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Silver 10 U U µg/L 6.1 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Sodium 7300 UJ UJ µg/L 158 J J mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Thallium 50 U U µg/L 3.9 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Vanadium 20 U U µg/L 56.4 mg/kg

Lower Chaparral Gulch 02-May-09 7 8 CG-22 SD-CG-22-7-8 Zinc 770 µg/L 1200 mg/kg
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TABLE 5-9
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Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Aluminum 720 J µg/L 6830 mg/kg

Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Arsenic 37 µg/L 34.5 mg/kg

Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Calcium 6100 µg/L 7270 mg/kg

Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Iron 1100 µg/L 19800 mg/kg

Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Magnesium 910 µg/L 3680 mg/kg

Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Mercury 0.05 µg/L 0.043 UJ mg/kg

Upper Chaparral Gulch 11-Sep-08 0 0.5 CG-6 SD-CG-6 Sodium 6200 µg/L 40.8 J mg/kg

Notes:

J = The analyte was positively identified, but the associated numerical value is estimated.

J+ =  The analyte was positively identified, but the associated numerical value is estimated with a potential high bias.

J- =  The analyte was positively identified, but the associated numerical value is estimated with a potential low bias.

U =  The analyte was not positively identified at a concentration above the sample quantitation limit.

UJ =  The analyte was not positively identified at a concentration above the sample quantitation limit and the associated numerical value was estimated.

mg/kg = Milligrams per kilogram

µg/L = Microgram(s) per liter.

SPLP = Synthetic Precipitation Leaching Procedure 
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Soil Exceed
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INORGANICS
57-12-5 CYANIDE (TOTAL) 9.00E-02 LJ 3.30E-01 J mg/kg IKV-110 3 / 11 2.7 - 3 2.10E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 2.00E+00 9.70E+02 mg/kg IK-S27 2 / 2 - 6.44E+02 1.30E+05 --
PH PH 7.20E+00 8.30E+00 pH Units IK-S22 2 / 2 - 7.63E+00
14808-79-8 SULFATE 1.80E+02 1.90E+04 mg/kg IK-S27 2 / 2 - 1.21E+04 --

METALS
7429-90-5 ALUMINUM 1.59E+04 2.45E+04 mg/kg IKJ-536 9 / 9 - 1.87E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.40E+00 J 5.10E+01 mg/kg IKV-110 7 / 13 0.82 - 5 1.83E+01 3.10E+01 1.65E+00 --
7440-38-2 ARSENIC 2.85E+01 3.09E+03 mg/kg IK-S27 15 / 15 - 7.88E+02 3.90E-01 7.92E+03 1.00E+01 3.09E+02
7440-39-3 BARIUM 4.16E+01 LJ 1.77E+02 mg/kg IKJ-536 11 / 11 - 1.06E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.10E-01 J 5.50E-01 mg/kg IKJ-531 9 / 11 1 - 1 3.91E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.10E+00 2.52E+01 mg/kg IKV-110 11 / 13 0.11 - 1 9.27E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.03E+04 5.60E+04 mg/kg IKJ-528 11 / 11 - 3.61E+04 --
7440-47-3 CHROMIUM 1.08E+01 J 2.20E+01 mg/kg IKJ-532 13 / 13 - 1.66E+01 2.80E+02 1.20E+05
7440-47-3 CHROMIUM 1.08E+01 J 2.20E+01 J mg/kg IKV-111 13 / 13 - 1.66E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.53E+01 2.36E+01 mg/kg IKJ-535 9 / 9 - 1.90E+01 2.30E+01 1.03E+00 9.00E+02
7440-50-8 COPPER 4.60E+01 4.70E+02 mg/kg IKJ-534 13 / 13 - 1.35E+02 3.10E+03 3.10E+03
7439-89-6 IRON 3.53E+04 9.55E+04 mg/kg IK-S27 11 / 11 - 5.57E+04 5.50E+04 1.74E+00 --
7439-92-1 LEAD 1.62E+01 J 1.67E+04 mg/kg IK-S27 15 / 15 - 1.39E+03 4.00E+02 4.17E+01 4.00E+02 4.17E+01
7439-95-4 MAGNESIUM 8.59E+03 1.28E+04 mg/kg IKV-110 9 / 9 - 1.03E+04 --
7439-96-5 MANGANESE 7.62E+02 1.26E+03 mg/kg IKJ-535 9 / 9 - 9.46E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.30E-01 1.10E+01 mg/kg S18 12 / 15 0.05 - 0.11 3.91E+00 6.70E+00 1.64E+00 2.30E+01
7440-02-0 NICKEL 1.10E+01 2.44E+01 mg/kg IKJ-532 11 / 11 - 1.62E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.05E+03 J 2.01E+03 J mg/kg IKJ-535 9 / 9 - 1.46E+03 --
7782-49-2 SELENIUM 4.20E-01 J 2.67E+01 J mg/kg IK-S27 6 / 13 0.48 - 5 1.24E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 2.90E-01 J 1.30E+01 J mg/kg IK-S27 8 / 13 0.24 - 5 4.82E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.72E+01 J 2.30E+02 J mg/kg IKJ-535 7 / 9 118 - 185 1.50E+02 --
7440-28-0 THALLIUM 2.00E+00 LJ 2.90E+00 J mg/kg IK-S27 1 / 13 0.76 - 5 2.45E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 5.34E+01 8.94E+01 mg/kg IKJ-536 9 / 9 - 6.94E+01 3.90E+02 7.80E+01 1.15E+00
7440-66-6 ZINC 1.00E+02 7.58E+03 mg/kg IK-S27 13 / 13 - 2.16E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-10
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE - MINE PLANT
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 1.90E+01 J 3.90E+02 J mg/kg IKJ-532 2 / 2 - 2.46E+02 1.30E+05 --
PH PH 7.60E+00 7.80E+00 pH Units IKJ-532 2 / 2 - 7.73E+00
14808-79-8 SULFATE 1.20E+03 5.50E+03 mg/kg IKJ-532 2 / 2 - 3.80E+03 --

METALS
7429-90-5 ALUMINUM 1.37E+04 2.20E+04 mg/kg IKJ-531 6 / 6 - 1.87E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.40E+00 J 1.40E+00 J mg/kg IKJ-532 1 / 6 1 - 6.9 1.40E+00 3.10E+01 --
7440-38-2 ARSENIC 2.39E+01 5.46E+01 mg/kg IKV-110 6 / 6 - 3.34E+01 3.90E-01 1.40E+02 1.00E+01 5.46E+00
7440-39-3 BARIUM 8.38E+01 1.99E+02 mg/kg IKJ-533 6 / 6 - 1.33E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.30E-01 J 5.50E-01 J mg/kg IKJ-535 6 / 6 - 4.48E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.50E-01 2.50E+00 J mg/kg IKJ-531 6 / 6 - 1.30E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 9.12E+03 3.64E+04 mg/kg IKJ-534 6 / 6 - 2.50E+04 --
7440-47-3 CHROMIUM 1.19E+01 J 3.19E+01 mg/kg IKJ-534 6 / 6 - 1.94E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.42E+01 2.25E+01 mg/kg IKJ-531 6 / 6 - 1.83E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.32E+01 6.29E+01 mg/kg IKJ-533 6 / 6 - 4.90E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.88E+04 4.49E+04 mg/kg IKJ-531 6 / 6 - 3.71E+04 5.50E+04 --
7439-92-1 LEAD 7.80E+00 J 3.70E+01 mg/kg IKV-110 6 / 6 - 1.88E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 7.68E+03 1.12E+04 mg/kg IKJ-533 6 / 6 - 1.02E+04 --
7439-96-5 MANGANESE 7.46E+02 1.14E+03 mg/kg IKJ-531 6 / 6 - 9.34E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.30E-01 2.10E-01 mg/kg IKV-110 2 / 6 0.1 - 0.11 1.70E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.29E+01 1.77E+01 mg/kg IKJ-535 6 / 6 - 1.54E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.26E+03 J 2.19E+03 J mg/kg IKJ-535 6 / 6 - 1.58E+03 --
7782-49-2 SELENIUM 6.80E-01 J 6.80E-01 J mg/kg IKV-110 1 / 6 3.8 - 4 6.80E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.99E+01 J 2.20E+02 J mg/kg IKJ-535 6 / 6 - 1.54E+02 --
7440-62-2 VANADIUM 5.97E+01 8.08E+01 mg/kg IKJ-531 6 / 6 - 7.12E+01 3.90E+02 7.80E+01 1.04E+00
7440-66-6 ZINC 6.37E+01 1.47E+02 mg/kg IKV-110 6 / 6 - 9.47E+01 2.30E+04 2.30E+04

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.30E-02 J 2.30E-02 J mg/kg IKJ-531 1 / 2 0.18 - 0.18 2.30E-02 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-11
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE - MINE PLANT

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.70E-01 J 2.30E-01 LJ mg/kg IK-S21 2 / 10 2.7 - 4.7 2.00E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 1.80E+01 9.20E+01 mg/kg IP-17 2 / 3 1.9 - 1.9 5.50E+01 1.30E+05 --
PH PH 2.50E+00 2.50E+00 mg/kg IK-S21 1 / 1 - 2.50E+00
14808-79-8 SULFATE 1.70E+03 2.10E+04 mg/kg IP-17 3 / 3 - 1.42E+04 --

METALS
7429-90-5 ALUMINUM 1.26E+04 2.65E+04 mg/kg IP-12 9 / 9 - 1.86E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.90E+00 J 2.73E+01 mg/kg IP-12 8 / 10 1.8 - 7.5 1.03E+01 3.10E+01 --
7440-38-2 ARSENIC 6.96E+02 J 3.71E+03 mg/kg IP-16 10 / 10 - 2.07E+03 3.90E-01 9.51E+03 1.00E+01 3.71E+02
7440-39-3 BARIUM 5.98E+01 2.73E+02 mg/kg IP-15 10 / 10 - 1.71E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 6.10E-01 J mg/kg IP-11 7 / 9 0.4 - 0.56 4.19E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.60E+00 J 2.62E+01 J mg/kg IP-15 10 / 10 - 1.27E+01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.99E+03 2.14E+04 mg/kg IP-16 10 / 10 - 1.16E+04 --
7440-47-3 CHROMIUM 9.90E+00 2.91E+01 mg/kg IP-12 10 / 10 - 1.92E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.70E+00 J 2.19E+01 mg/kg IP-12 9 / 9 - 1.54E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.01E+02 5.51E+02 mg/kg IP-15 10 / 10 - 2.43E+02 3.10E+03 3.10E+03
7439-89-6 IRON 4.10E+04 1.06E+05 mg/kg IP-15 10 / 10 - 7.19E+04 5.50E+04 1.93E+00 --
7439-92-1 LEAD 9.71E+02 1.05E+04 mg/kg IP-15 10 / 10 - 2.88E+03 4.00E+02 2.63E+01 4.00E+02 2.63E+01
7439-95-4 MAGNESIUM 6.89E+03 1.35E+04 mg/kg IP-12 9 / 9 - 9.26E+03 --
7439-96-5 MANGANESE 3.69E+02 1.07E+03 mg/kg IP-12 9 / 9 - 6.82E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.90E+00 4.33E+01 mg/kg IP-15 10 / 10 - 9.85E+00 6.70E+00 6.46E+00 2.30E+01 1.88E+00
7440-02-0 NICKEL 8.40E+00 3.37E+01 mg/kg IP-12 9 / 9 - 1.79E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.88E+02 2.60E+03 mg/kg IP-11 9 / 9 - 1.94E+03 --
7782-49-2 SELENIUM 1.16E+01 7.25E+01 mg/kg IP-15 10 / 10 - 2.48E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 3.80E+00 J- 4.53E+01 mg/kg IP-15 10 / 10 - 1.31E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.70E+01 J 3.21E+02 J mg/kg IP-15 9 / 9 - 1.47E+02 --
7440-28-0 THALLIUM 7.90E-01 J 9.20E+00 mg/kg IP-15 10 / 10 - 4.86E+00 5.10E+00 1.80E+00 5.20E+00 1.77E+00
7440-62-2 VANADIUM 4.81E+01 7.34E+01 mg/kg IP-12 9 / 9 - 6.37E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.93E+03 9.17E+03 mg/kg IP-15 10 / 10 - 4.56E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-12
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IMPOUNDMENT POND - IRON KING MINE - MINE PLANT
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 3.30E+01 1.83E+02 µg/L IP-10 3 / 3 - 7.33E+01 5.20E+00 3.52E+01 1.87E+04 1.87E+04
14797-55-8 NITRATE AS N 4.40E+03 4.40E+03 µg/L IP-11 1 / 1 - 4.40E+03 3.73E+06 3.73E+06
14797-65-0 NITRITE AS N 1.10E+04 1.10E+04 µg/L IP-11 1 / 1 - 1.10E+04
14808-79-8 SULFATE 1.10E+06 1.10E+06 µg/L IP-11 1 / 1 - 1.10E+06

METALS
7429-90-5 ALUMINUM 5.23E+01 J 2.79E+02 µg/L IP-11 3 / 3 - 1.92E+02 8.70E+01 3.21E+00
7440-36-0 ANTIMONY 4.60E+00 5.00E+00 µg/L IP-12 3 / 3 - 4.75E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 3.11E+01 5.55E+01 µg/L IP-12 3 / 3 - 4.39E+01 1.50E+02 3.00E+01 1.85E+00 2.80E+02
7440-39-3 BARIUM 2.40E+01 2.62E+01 µg/L IP-11 3 / 3 - 2.48E+01 4.00E+00 6.55E+00
7440-43-9 CADMIUM 1.02E+01 1.47E+01 µg/L IP-11 3 / 3 - 1.25E+01 6.40E-01 2.30E+01 7.00E+02 7.00E+02
7440-70-2 CALCIUM 1.99E+05 2.27E+05 µg/L IP-11 3 / 3 - 2.14E+05
7440-48-4 COBALT 2.30E+00 3.20E+00 µg/L IP-11 3 / 3 - 2.70E+00 2.30E+01
7440-50-8 COPPER 1.57E+01 2.08E+01 µg/L IP-10 3 / 3 - 1.78E+01 2.90E+01
7439-89-6 IRON 2.94E+02 J 8.37E+02 µg/L IP-12 3 / 3 - 6.39E+02 1.00E+03
7439-92-1 LEAD 1.32E+01 3.72E+01 J µg/L IP-12 3 / 3 - 2.43E+01 4.70E+01
7439-95-4 MAGNESIUM 7.87E+04 8.76E+04 µg/L IP-11 3 / 3 - 8.38E+04
7439-96-5 MANGANESE 1.19E+03 1.57E+03 µg/L IP-11 3 / 3 - 1.39E+03 1.20E+02 1.31E+01 1.31E+05 1.31E+05
7439-97-6 MERCURY 9.30E-02 J 1.10E-01 J µg/L IP-11 1 / 3 0.2 - 0.2 1.02E-01 7.70E-01 2.80E+02 2.80E+02
7440-02-0 NICKEL 2.38E+01 3.01E+01 µg/L IP-11 3 / 3 - 2.70E+01 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 2.26E+04 2.60E+04 µg/L IP-11 3 / 3 - 2.45E+04
7782-49-2 SELENIUM 1.46E+01 1.75E+01 µg/L IP-10 3 / 3 - 1.56E+01 4.60E+00 3.80E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.76E+03 J 4.08E+03 J µg/L IP-11 3 / 3 - 3.94E+03
7440-62-2 VANADIUM 4.90E-01 J 8.70E-01 J µg/L IP-11 1 / 3 1.3 - 1.8 6.80E-01 2.00E+01
7440-66-6 ZINC 1.52E+03 2.50E+03 J µg/L IP-11 3 / 3 - 2.02E+03 3.80E+02 6.58E+00 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-13
SURFACE WATER (TOTAL - UNFILTERED)

IMPOUNDMENT-POND IRON KING MINE - MINE PLANT
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7440-36-0 ANTIMONY 4.30E+00 4.90E+00 µg/L IP-10 3 / 3 - 4.60E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 1.40E+01 1.66E+01 µg/L IP-10 3 / 3 - 1.52E+01 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 2.14E+01 2.22E+01 µg/L IP-11 3 / 3 - 2.18E+01 4.00E+00 5.55E+00
7440-43-9 CADMIUM 9.50E+00 1.35E+01 µg/L IP-11 3 / 3 - 1.15E+01 6.40E-01 2.11E+01 7.00E+02 7.00E+02
7440-70-2 CALCIUM 1.98E+05 2.26E+05 µg/L IP-11 3 / 3 - 2.11E+05
7440-48-4 COBALT 2.10E+00 8.70E+00 µg/L IP-10 3 / 3 - 5.10E+00 2.30E+01
7440-50-8 COPPER 1.06E+01 1.16E+01 µg/L IP-10 3 / 3 - 1.10E+01 2.90E+01
7439-89-6 IRON 1.47E+01 J 4.48E+02 µg/L IP-11 2 / 3 7.9 - 7.9 1.60E+02 1.00E+03
7439-95-4 MAGNESIUM 7.70E+04 8.72E+04 µg/L IP-11 3 / 3 - 8.16E+04
7439-96-5 MANGANESE 8.75E+02 1.41E+03 µg/L IP-11 3 / 3 - 1.17E+03 1.20E+02 1.18E+01 1.31E+05 1.31E+05
7440-02-0 NICKEL 2.26E+01 2.84E+01 µg/L IP-11 3 / 3 - 2.59E+01 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 2.21E+04 2.61E+04 µg/L IP-11 3 / 3 - 2.41E+04
7782-49-2 SELENIUM 1.44E+01 1.75E+01 µg/L IP-12 3 / 3 - 1.57E+01 4.60E+00 3.80E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.70E+03 J 4.14E+03 J µg/L IP-11 3 / 3 - 3.91E+03
7440-66-6 ZINC 1.24E+03 2.33E+03 µg/L IP-11 3 / 3 - 1.82E+03 3.80E+02 6.13E+00 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-14
SURFACE WATER (DISSOLVED - FILTERED)

IMPOUNDMENT-POND IRON KING MINE - MINE PLANT
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 5.00E-02 LJ 1.60E+00 J mg/kg IKJ-506 7 / 25 2.6 - 3 2.79E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 6.00E-01 LJ 1.20E+01 mg/kg IK-S11 8 / 10 0.9 - 1.1 3.34E+00 1.30E+05 --
PH PH 2.80E+00 8.40E+00 pH Units IK-S11 10 / 10  - 5.34E+00
14808-79-8 SULFATE 9.00E+02 4.20E+04 mg/kg IKJ-505 10 / 10 - 1.01E+04 --

METALS
7429-90-5 ALUMINUM 6.38E+03 1.87E+04 mg/kg IKJ-506 19 / 19 - 1.37E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 9.30E-01 LJ 1.23E+02 J mg/kg IKV-119 10 / 23 0.84 - 7.1 2.41E+01 3.10E+01 3.97E+00 --
7440-38-2 ARSENIC 8.60E+00 4.73E+03 mg/kg IKV-121 25 / 25 - 7.55E+02 3.90E-01 1.21E+04 1.00E+01 4.73E+02
7440-39-3 BARIUM 1.82E+01 J 2.33E+02 mg/kg IK-S11 25 / 25 - 1.19E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.80E-02 J 5.50E-01 J mg/kg IKJ-506 13 / 19 0.24 - 0.5 3.11E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 3.10E-01 J 3.73E+01 mg/kg IKV-119 20 / 25 0.11 - 0.54 8.18E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.95E+03 6.14E+04 mg/kg IKJ-509 25 / 25 - 2.29E+04 --
7440-47-3 CHROMIUM 4.80E+00 4.00E+01 mg/kg IK-S9 25 / 25 - 1.60E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.08E+01 3.51E+01 mg/kg IKV-118 19 / 19 - 2.12E+01 2.30E+01 1.53E+00 9.00E+02
7440-50-8 COPPER 1.95E+01 5.54E+02 mg/kg IKV-119 25 / 25 - 1.30E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.71E+04 1.21E+05 mg/kg IKV-121 25 / 25 - 4.20E+04 5.50E+04 2.20E+00 --
7439-92-1 LEAD 3.30E+00 J 1.42E+04 mg/kg IK-S25 25 / 25 - 1.65E+03 4.00E+02 3.55E+01 4.00E+02 3.55E+01
7439-95-4 MAGNESIUM 3.93E+03 1.43E+04 mg/kg IKV-118 19 / 19 - 8.31E+03 --
7439-96-5 MANGANESE 2.71E+02 1.86E+03 mg/kg IKV-123 19 / 19 - 9.10E+02 1.80E+03 1.03E+00 3.30E+03
7439-97-6 MERCURY 1.40E-01 3.44E+01 mg/kg IK-S25 22 / 25 0.021 - 0.06 4.56E+00 6.70E+00 5.13E+00 2.30E+01 1.50E+00
7440-02-0 NICKEL 6.70E+00 2.46E+01 mg/kg IKJ-504 19 / 19 - 1.42E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.82E+02 J+ 1.33E+03 mg/kg IKJ-550 19 / 19 - 8.09E+02 --
7782-49-2 SELENIUM 7.30E-01 J 6.18E+01 mg/kg IKV-121 22 / 25 3.7 - 3.8 8.24E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 2.80E-01 LJ 6.00E+01 J mg/kg IKV-119 23 / 25 0.86 - 0.89 8.18E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.79E+01 J 7.59E+02 mg/kg IKJ-501 19 / 19 - 2.33E+02 --
7440-28-0 THALLIUM 8.90E-01 LJ 3.90E+00 J mg/kg IK-S25 13 / 25 0.79 - 3 2.51E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.37E+01 7.30E+01 mg/kg IKJ-505 19 / 19 - 5.37E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.89E+01 1.04E+04 mg/kg IKV-119 25 / 25 - 2.06E+03 2.30E+04 2.30E+04

TABLE 5-15
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE OPERATIONS AREA
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TABLE 5-15
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE OPERATIONS AREA

78-93-3 2-BUTANONE 7.50E-03 J 1.00E-02 mg/kg IKJ-503 2 / 3 0.0092 - 0.01 8.75E-03 2.80E+04 --
67-64-1 ACETONE 2.80E-02 3.30E-02 mg/kg IKJ-503 2 / 3 0.0092 - 0.01 3.05E-02 6.10E+04 1.40E+04
98-86-2 ACETOPHENONE 2.60E-02 J 4.00E-02 J mg/kg IKJ-504 3 / 6 0.18 - 3 3.43E-02 7.80E+03 --
75-15-0 CARBON DISULFIDE 1.80E-03 J 1.80E-03 J mg/kg IKJ-503 1 / 3 0.0039 - 0.005 1.80E-03 6.70E+02 3.60E+02
67-66-3 CHLOROFORM 2.70E-03 J 8.80E-03 mg/kg IKJ-504 1 / 3 0.0039 - 0.0043 5.75E-03 3.00E-01 9.40E-01
100-41-4 ETHYLBENZENE 1.70E-03 J 3.90E-03 J mg/kg IKJ-503 2 / 3 0.0046 - 0.005 2.80E-03 5.70E+00 4.00E+02
100-42-5 STYRENE 3.50E-03 J 3.50E-03 J mg/kg IKJ-503 1 / 3 0.0039 - 0.005 3.50E-03 6.50E+03 1.50E+03

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.50E-02 J 4.60E+00 mg/kg IKJ-503 6 / 6 - 6.94E-01 3.50E+01 3.90E+01
85-68-7 BUTYLBENZYLPHTHALATE 2.80E-02 J 3.40E+02 D mg/kg IKJ-503 1 / 6 0.18 - 0.2 1.70E+02 2.60E+02 1.31E+00 1.20E+04
105-60-2 CAPROLACTAM 4.60E-02 J 8.00E-02 J mg/kg IKJ-506 4 / 6 0.18 - 3 6.66E-02 3.10E+04 3.10E+04
131-11-3 DIMETHYLPHTHALATE 7.20E-02 J 7.20E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 7.20E-02 6.10E+03 6.10E+05
84-74-2 DI-N-BUTYLPHTHALATE 3.60E+00 3.60E+00 mg/kg IKJ-503 1 / 6 0.18 - 0.2 3.60E+00 6.10E+03 --

56-55-3 BENZO(A)ANTHRACENE 7.60E-02 J 7.60E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 7.60E-02 1.50E-01 6.90E-01
50-32-8 BENZO(A)PYRENE 7.00E-02 J 7.00E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 7.00E-02 1.50E-02 4.67E+00 6.90E-02 1.01E+00
205-99-2 BENZO(B)FLUORANTHENE 5.50E-02 J 5.50E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 5.50E-02 1.50E-01 6.90E-01
191-24-2 BENZO(G,H,I)PERYLENE 2.20E-02 J 2.20E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 2.20E-02 2.30E+03 --
207-08-9 BENZO(K)FLUORANTHENE 5.60E-02 J 5.60E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 5.60E-02 1.50E+00 6.90E+00
218-01-9 CHRYSENE 1.10E-01 J 1.10E-01 J mg/kg IKJ-504 1 / 6 0.18 - 3 1.10E-01 1.50E+01 6.80E+01
206-44-0 FLUORANTHENE 9.90E-02 J 9.90E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 9.90E-02 2.30E+03 2.30E+03
193-39-5 INDENO(1,2,3-CD)PYRENE 2.50E-02 J 2.50E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 2.50E-02 1.50E-01 6.90E-01
85-01-8 PHENANTHRENE 2.30E-02 J 2.30E-02 J mg/kg IKJ-504 1 / 6 0.18 - 3 2.30E-02 1.70E+04 1.80E+04
129-00-0 PYRENE 1.00E-01 J 1.00E-01 J mg/kg IKJ-504 1 / 6 0.18 - 3 1.00E-01 1.70E+03 2.30E+03

72-54-8 4,4'-DDD 3.30E-03 J 4.90E-03 mg/kg IKJ-505 2 / 6 0.0036 - 0.0041 4.10E-03 2.00E+00 2.80E+00
72-55-9 4,4'-DDE 4.90E-03 4.90E-03 mg/kg IKJ-504 1 / 6 0.0035 - 0.0041 4.90E-03 1.40E+00 2.00E+00
50-29-3 4,4'-DDT 2.30E-03 J 3.40E-03 J mg/kg IKJ-504 2 / 6 0.0036 - 0.0041 2.85E-03 1.70E+00 2.00E+00
5103-71-9 ALPHA-CHLORDANE 4.40E-03 4.40E-03 mg/kg IKJ-504 1 / 6 0.0018 - 0.0021 4.40E-03 1.60E+00 --
319-85-7 BETA-BHC 1.70E-03 J 5.80E-03 J mg/kg IKJ-503 2 / 6 0.0018 - 0.002 3.75E-03 2.70E-01 --
319-86-8 DELTA-BHC 3.50E-03 J 3.50E-03 J mg/kg IKJ-503 1 / 6 0.0018 - 0.002 3.50E-03 5.20E-01 --
60-57-1 DIELDRIN 2.60E-03 J 2.60E-03 J mg/kg IKJ-504 1 / 6 0.0035 - 0.0041 2.60E-03 3.00E-02 3.40E-02
53494-70-5 ENDRIN KETONE 3.20E-03 J 3.20E-03 J mg/kg IKJ-505 1 / 6 0.0035 - 0.0041 3.20E-03 1.80E+01 --
58-89-9 GAMMA-BHC (LINDANE) 1.70E-03 J 1.70E-03 J mg/kg IKJ-503 1 / 6 0.0018 - 0.002 1.70E-03 5.00E-01
5103-74-2 GAMMA-CHLORDANE 3.90E-03 J 3.90E-03 J mg/kg IKJ-504 1 / 6 0.0018 - 0.0021 3.90E-03 1.60E+00 --
76-44-8 HEPTACHLOR 4.30E-03 J 4.30E-03 J mg/kg IKJ-503 1 / 6 0.0018 - 0.002 4.30E-03 1.10E-01 1.20E-01

11096-82-5 AROCLOR-1260 3.20E-02 J 2.20E-01 mg/kg IKJ-505 2 / 6 0.036 - 0.12 1.26E-01 2.20E-01 1.00E+00 --

Notes:
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
LJ = The analyte was positively identified, but the result may be biased low.
D = The reported value is from a dilution.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

PCBS

PAHS

SEMIVOLATILES

VOLATILES
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INORGANICS
57-12-5 CYANIDE (TOTAL) 4.00E-02 LJ 2.65E+01 J- mg/kg IKV-121 4 / 11 2.6 - 2.9 5.36E+00 1.60E+03 1.20E+03
PH PH 4.30E+00 7.40E+00 pH Units IK-SB11 5 / 5  - 5.05E+00

METALS
7429-90-5 ALUMINUM 4.81E+03 1.83E+04 mg/kg IKJ-502 8 / 8 - 1.33E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.80E+00 J 8.37E+01 J mg/kg IKV-121 3 / 11 0.83 - 7 4.34E+01 3.10E+01 2.70E+00 --
7440-38-2 ARSENIC 9.10E+00 5.06E+03 mg/kg IKV-121 11 / 11 - 7.04E+02 3.90E-01 1.30E+04 1.00E+01 5.06E+02
7440-39-3 BARIUM 9.30E+00 J 1.55E+02 mg/kg IKJ-512 11 / 11 - 7.86E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.00E-01 J 4.00E-01 J mg/kg IKJ-512 4 / 8 0.14 - 0.59 2.53E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.90E-01 LJ 1.06E+02 J mg/kg IKV-121 9 / 11 0.23 - 0.53 2.23E+01 7.00E+01 1.51E+00 3.90E+01 2.72E+00
7440-70-2 CALCIUM 6.55E+03 4.33E+04 mg/kg IKJ-507 11 / 11 - 1.90E+04 --
7440-47-3 CHROMIUM 5.60E+00 2.37E+01 J mg/kg IK-SB11 11 / 11 - 1.32E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.60E+00 5.17E+01 mg/kg IKJ-515 8 / 8 - 2.14E+01 2.30E+01 2.25E+00 9.00E+02
7440-50-8 COPPER 2.10E+01 1.06E+03 mg/kg IKV-121 11 / 11 - 3.45E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.69E+04 1.58E+05 mg/kg IKV-121 11 / 11 - 5.20E+04 5.50E+04 2.87E+00 --
7439-92-1 LEAD 5.00E+00 7.29E+03 mg/kg IKV-121 11 / 11 - 1.47E+03 4.00E+02 1.82E+01 4.00E+02 1.82E+01
7439-95-4 MAGNESIUM 5.12E+03 1.60E+04 mg/kg IKJ-540 8 / 8 - 9.71E+03 --
7439-96-5 MANGANESE 3.88E+02 1.04E+03 mg/kg IKJ-540 8 / 8 - 7.08E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.00E-01 LJ 1.94E+01 mg/kg IKV-121 9 / 11 0.07 - 0.11 4.05E+00 6.70E+00 2.90E+00 2.30E+01
7440-02-0 NICKEL 2.50E+00 J 4.08E+01 mg/kg IKJ-515 8 / 8 - 1.52E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.47E+01 J+ 1.51E+03 J+ mg/kg IKV-123 8 / 8 - 6.36E+02 --
7782-49-2 SELENIUM 6.30E-01 LJ 4.22E+01 J mg/kg IKJ-502 6 / 11 0.48 - 4.1 1.65E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 3.60E-01 J 3.80E+01 mg/kg IKV-121 10 / 11 0.25 - 0.71 8.47E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.27E+01 J 3.28E+02 J mg/kg IKJ-507 8 / 8 - 1.64E+02 --
7440-28-0 THALLIUM 1.10E+00 LJ 4.20E+00 mg/kg IKJ-540 4 / 11 0.78 - 3 2.73E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.54E+01 7.29E+01 mg/kg IKJ-512 8 / 8 - 4.53E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.92E+01 3.06E+04 mg/kg IKV-121 11 / 11 - 5.05E+03 2.30E+04 1.33E+00 2.30E+04 1.33E+00

67-64-1 ACETONE 9.90E-03 9.90E-03 mg/kg IKJ-502 1 / 1 - 9.90E-03 6.10E+04 1.40E+04
98-86-2 ACETOPHENONE 4.40E-02 J 6.30E-02 J mg/kg IKJ-503 2 / 2 - 5.35E-02 7.80E+03 --
75-15-0 CARBON DISULFIDE 1.70E-03 J 1.70E-03 J mg/kg IKJ-502 1 / 1 - 1.70E-03 6.70E+02 3.60E+02

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.60E-02 J 8.70E-01 mg/kg IKJ-503 2 / 2 - 4.48E-01 3.50E+01 3.90E+01
85-68-7 BUTYLBENZYLPHTHALATE 2.00E-02 J 4.50E+01 D mg/kg IKJ-503 2 / 2 - 2.25E+01 2.60E+02 1.20E+04
105-60-2 CAPROLACTAM 8.60E-02 J 8.60E-02 J mg/kg IKV-121 1 / 2 0.53 - 0.53 8.60E-02 3.10E+04 3.10E+04
84-74-2 DI-N-BUTYLPHTHALATE 5.50E-01 5.50E-01 mg/kg IKJ-503 1 / 2 0.2 - 0.2 5.50E-01 6.10E+03 --
117-84-0 DI-N-OCTYLPHTHALATE 3.40E+00 3.40E+00 mg/kg IKJ-503 1 / 2 0.2 - 0.2 3.40E+00 6.10E+03 --

TABLE 5-16
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE OPERATIONS AREA
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TABLE 5-16
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE OPERATIONS AREA

72-54-8 4,4'-DDD 1.10E-01 J 1.10E-01 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 1.10E-01 2.00E+00 2.80E+00
72-55-9 4,4'-DDE 2.10E-02 J 2.10E-02 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 2.10E-02 1.40E+00 2.00E+00
50-29-3 4,4'-DDT 1.00E-01 J 1.00E-01 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 1.00E-01 1.70E+00 2.00E+00
309-00-2 ALDRIN 2.00E-03 J 2.00E-03 J mg/kg IKJ-503 1 / 2 0.002 - 0.002 2.00E-03 2.90E-02 3.20E-02
5103-71-9 ALPHA-CHLORDANE 1.70E-02 J 1.70E-02 J mg/kg IKJ-503 1 / 2 0.002 - 0.002 1.70E-02 1.60E+00 --
60-57-1 DIELDRIN 3.90E-02 J 3.90E-02 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 3.90E-02 3.00E-02 1.30E+00 3.40E-02 1.15E+00
959-98-8 ENDOSULFAN I 2.50E-02 J 2.50E-02 J mg/kg IKJ-503 1 / 2 0.002 - 0.002 2.50E-02 3.70E+02 3.70E+02
33213-65-9 ENDOSULFAN II 1.10E-01 J 1.10E-01 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 1.10E-01 3.70E+02 3.70E+02
1031-07-8 ENDOSULFAN SULFATE 4.30E-01 J 4.30E-01 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 4.30E-01 3.70E+02 --
72-20-8 ENDRIN 7.60E-02 J 7.60E-02 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 7.60E-02 1.80E+01 1.80E+01
7421-93-4 ENDRIN ALDEHYDE 4.80E-01 J 4.80E-01 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 4.80E-01 1.80E+01 --
53494-70-5 ENDRIN KETONE 5.00E-01 J 5.00E-01 J mg/kg IKJ-503 1 / 2 0.0038 - 0.0038 5.00E-01 1.80E+01 --
5103-74-2 GAMMA-CHLORDANE 1.20E-02 J 1.20E-02 J mg/kg IKJ-503 1 / 2 0.002 - 0.002 1.20E-02 1.60E+00 --
76-44-8 HEPTACHLOR 1.20E-03 J 1.20E-03 J mg/kg IKJ-503 1 / 2 0.002 - 0.002 1.20E-03 1.10E-01 1.20E-01
1024-57-3 HEPTACHLOR EPOXIDE 8.20E-03 J 8.20E-03 J mg/kg IKJ-503 1 / 2 0.002 - 0.002 8.20E-03 5.30E-02 6.00E-02
72-43-5 METHOXYCHLOR 9.40E-01 J 9.40E-01 J mg/kg IKJ-503 1 / 2 0.02 - 0.02 9.40E-01 3.10E+02 3.10E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
D = The reported value is from a dilution.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.
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INORGANICS
PH PH 3.30E+00 8.50E+00 pH Units IKJ-509 3 / 3 - 6.67E+00
14808-79-8 SULFATE 2.90E+04 2.90E+04 mg/kg IKJ-502 1 / 1 - 2.90E+04 --

METALS
7429-90-5 ALUMINUM 1.14E+04 1.94E+04 mg/kg IKJ-508 12 / 12 - 1.48E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.40E+00 J- 5.40E+00 J- mg/kg IKJ-508 0 / 4 3 - 6.5 5.40E+00 3.10E+01 --
7440-38-2 ARSENIC 8.90E+00 J 7.97E+02 mg/kg IKJ-508 12 / 12 - 1.89E+02 3.90E-01 2.04E+03 1.00E+01 7.97E+01
7440-39-3 BARIUM 2.54E+01 2.06E+02 mg/kg IKJ-508 12 / 12 - 9.37E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.60E-01 J 5.30E-01 J mg/kg IKJ-503 8 / 12 0.19 - 0.49 3.47E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.30E+00 J 3.60E+01 J mg/kg IKJ-508 4 / 12 0.5 - 0.64 1.94E+01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 7.56E+03 1.11E+05 mg/kg IKJ-510 12 / 12 - 4.37E+04 --
7440-47-3 CHROMIUM 8.00E+00 2.26E+01 mg/kg IKJ-508 12 / 12 - 1.39E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.01E+01 3.73E+01 mg/kg IKJ-540 12 / 12 - 2.07E+01 2.30E+01 1.62E+00 9.00E+02
7440-50-8 COPPER 2.50E+01 8.45E+02 mg/kg IKJ-502 12 / 12 - 1.88E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.96E+04 8.92E+04 mg/kg IKJ-508 12 / 12 - 3.79E+04 5.50E+04 1.62E+00 --
7439-92-1 LEAD 5.90E+00 2.14E+03 mg/kg IKJ-508 12 / 12 - 4.05E+02 4.00E+02 5.35E+00 4.00E+02 5.35E+00
7439-95-4 MAGNESIUM 6.37E+03 1.56E+04 mg/kg IKJ-508 12 / 12 - 9.33E+03 --
7439-96-5 MANGANESE 4.00E+02 1.14E+03 mg/kg IKJ-540 12 / 12 - 8.14E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 9.80E-01 5.10E+00 mg/kg IKJ-508 4 / 12 0.025 - 0.13 2.82E+00 6.70E+00 2.30E+01
7440-02-0 NICKEL 9.50E+00 1.97E+01 mg/kg IKJ-509 12 / 12 - 1.46E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.89E+02 J 2.67E+03 mg/kg IKJ-510 12 / 12 - 1.12E+03 --
7782-49-2 SELENIUM 4.30E-01 J 3.77E+01 J mg/kg IKJ-508 6 / 12 3.5 - 4.5 1.35E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 7.90E-01 J 9.30E+00 mg/kg IKJ-508 8 / 12 0.76 - 1.1 3.77E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.90E+01 J 6.32E+02 mg/kg IKJ-502 12 / 12 - 2.12E+02 --
7440-28-0 THALLIUM 9.30E-01 J 3.70E+00 J mg/kg IKJ-508 8 / 12 1.4 - 2.6 2.24E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.66E+01 7.78E+01 mg/kg IKJ-502 12 / 12 - 5.23E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.43E+01 9.84E+03 mg/kg IKJ-508 12 / 12 - 2.02E+03 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 2.10E-02 J 2.10E-02 J mg/kg IKJ-502 1 / 3 0.18 - 0.18 2.10E-02 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.00E-02 J 2.60E-02 J mg/kg IKJ-502 3 / 3 - 2.20E-02 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-17
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN DEEP SOIL (GREATER THAN 10 FEET BELOW GROUND SURFACE)

IRON KING MIINE OPERATIONS AREA

VOLATILES

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 LJ 6.00E-02 LJ mg/kg IK-S23 1 / 7 2.7 - 3 6.00E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 5.90E+01 5.90E+01 mg/kg IK-S23 1 / 1 - 5.90E+01 1.30E+05 --
PH PH 8.30E+00 8.30E+00 mg/kg IK-S23 1 / 1 - 8.30E+00
14808-79-8 SULFATE 3.20E+03 3.20E+03 mg/kg IK-S23 1 / 1 - 3.20E+03 --

METALS
7429-90-5 ALUMINUM 1.23E+04 1.49E+04 mg/kg IKV-133 6 / 6 - 1.39E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 2.70E+00 LJ 2.70E+00 LJ mg/kg IK-S23 1 / 6 6.6 - 7.1 2.70E+00 3.10E+01 --
11096-82-5 AROCLOR-1260 3.50E-02 J 3.50E-02 J mg/kg IKV-131 1 / 3 0.036 - 0.042 3.50E-02 2.20E-01 --
7440-38-2 ARSENIC 3.39E+01 1.95E+02 mg/kg IK-S23 7 / 7 - 9.26E+01 3.90E-01 5.00E+02 1.00E+01 1.95E+01
7440-39-3 BARIUM 1.89E+01 LJ 1.52E+02 mg/kg IKV-132 7 / 7 - 1.18E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.20E-01 J 4.20E-01 J mg/kg IKV-131 5 / 6 0.45 - 0.45 3.58E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.00E-01 J 2.90E+00 J mg/kg IK-S23 6 / 7 0.33 - 0.33 9.40E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.75E+04 6.45E+04 mg/kg IKV-131 7 / 7 - 4.38E+04 --
7440-47-3 CHROMIUM 1.02E+01 2.04E+01 J mg/kg IKV-133 7 / 7 - 1.40E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.52E+01 1.90E+01 mg/kg IKV-133 6 / 6 - 1.76E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.98E+01 9.40E+01 J mg/kg IK-S23 7 / 7 - 5.42E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.25E+04 4.21E+04 mg/kg IK-S23 7 / 7 - 2.91E+04 5.50E+04 --
7439-92-1 LEAD 2.58E+01 4.37E+02 mg/kg IK-S23 7 / 7 - 1.18E+02 4.00E+02 1.09E+00 4.00E+02 1.09E+00
7439-95-4 MAGNESIUM 6.36E+03 8.51E+03 mg/kg IKV-133 6 / 6 - 7.48E+03 --
7439-96-5 MANGANESE 7.22E+02 8.98E+02 mg/kg IKV-134 6 / 6 - 7.92E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.30E-01 4.20E-01 mg/kg IK-S23 6 / 7 0.044 - 0.044 2.20E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.39E+01 1.83E+01 J mg/kg IKV-133 6 / 6 - 1.59E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.11E+03 J+ 1.87E+03 mg/kg IKV-133 6 / 6 - 1.46E+03 --
7782-49-2 SELENIUM 8.20E-01 J 5.50E+00 J mg/kg IK-S23 3 / 7 3.8 - 3.8 2.64E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 3.80E-01 J 1.90E+00 mg/kg IKV-133 7 / 7 - 9.19E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.38E+02 J 1.78E+02 J mg/kg IKV-130 6 / 6 - 1.65E+02 --
7440-28-0 THALLIUM 1.50E+00 J 2.30E+00 J mg/kg IKV-133 2 / 7 0.71 - 2.7 1.90E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.37E+01 5.64E+01 mg/kg IKV-134 6 / 6 - 5.09E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.39E+02 8.99E+02 mg/kg IK-S23 7 / 7 - 3.32E+02 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 6.00E-02 J 6.00E-02 J mg/kg IKV-131 1 / 2 0.19 - 0.19 6.00E-02 7.80E+03 --

117-81-7 BIS(2- 5.60E-02 J 2.80E-01 mg/kg IKV-131 2 / 2 - 1.68E-01 3.50E+01 3.90E+01
85-68-7 BUTYLBENZYLPHTHALAT 2.50E-01 2.50E-01 mg/kg IKV-131 1 / 2 0.19 - 0.19 2.50E-01 2.60E+02 1.20E+04
105-60-2 CAPROLACTAM 7.20E-02 J 7.20E-02 J mg/kg IKV-130 1 / 2 0.21 - 0.21 7.20E-02 3.10E+04 3.10E+04

72-54-8 4,4'-DDD 1.40E-02 1.40E-02 mg/kg IKV-131 1 / 2 0.0036 - 0.0036 1.40E-02 2.00E+00 2.80E+00
72-55-9 4,4'-DDE 2.40E-03 J 2.40E-03 J mg/kg IKV-131 1 / 2 0.0036 - 0.0036 2.40E-03 1.40E+00 2.00E+00
50-29-3 4,4'-DDT 2.50E-03 J 2.50E-03 J mg/kg IKV-131 1 / 2 0.0036 - 0.0036 2.50E-03 1.70E+00 2.00E+00
5103-71-9 ALPHA-CHLORDANE 1.00E-03 J 1.00E-03 J mg/kg IKV-131 1 / 2 0.0018 - 0.0018 1.00E-03 1.60E+00 --
60-57-1 DIELDRIN 3.60E-03 J 3.60E-03 J mg/kg IKV-131 1 / 2 0.0036 - 0.0036 3.60E-03 3.00E-02 3.40E-02
5103-74-2 GAMMA-CHLORDANE 1.40E-03 J 1.40E-03 J mg/kg IKV-131 1 / 2 0.0018 - 0.0018 1.40E-03 1.60E+00 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-18
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE GLORY HOLE

VOLATILES

PESTICIDES

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.47E+04 1.77E+04 mg/kg IKV-132 3 / 3 - 1.58E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 5.38E+01 2.78E+02 mg/kg IKV-130 3 / 3 - 1.36E+02 3.90E-01 7.13E+02 1.00E+01 2.78E+01
7440-39-3 BARIUM 1.06E+02 1.27E+02 mg/kg IKV-134 3 / 3 - 1.17E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.60E-01 J 3.20E-01 J mg/kg IKV-130 3 / 3 - 2.93E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E+00 2.10E+00 mg/kg IKV-130 2 / 3 0.42 - 0.42 1.70E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.95E+04 4.99E+04 mg/kg IKV-134 3 / 3 - 4.38E+04 --
7440-47-3 CHROMIUM 9.70E+00 1.56E+01 mg/kg IKV-134 3 / 3 - 1.23E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.78E+01 2.23E+01 mg/kg IKV-132 3 / 3 - 1.96E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 6.78E+01 9.98E+01 mg/kg IKV-132 3 / 3 - 8.37E+01 3.10E+03 3.10E+03
7439-89-6 IRON 3.05E+04 3.40E+04 mg/kg IKV-132 3 / 3 - 3.24E+04 5.50E+04 --
7439-92-1 LEAD 1.62E+01 4.24E+02 mg/kg IKV-134 3 / 3 - 2.11E+02 4.00E+02 1.06E+00 4.00E+02 1.06E+00
7439-95-4 MAGNESIUM 7.99E+03 9.52E+03 mg/kg IKV-132 3 / 3 - 8.55E+03 --
7439-96-5 MANGANESE 8.08E+02 1.23E+03 mg/kg IKV-132 3 / 3 - 9.62E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.70E-01 8.70E-01 mg/kg IKV-130 3 / 3 - 4.57E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.22E+01 1.60E+01 mg/kg IKV-130 3 / 3 - 1.44E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.18E+03 J+ 1.70E+03 J+ mg/kg IKV-132 3 / 3 - 1.44E+03 --
7782-49-2 SELENIUM 6.30E-01 J 1.30E+00 J mg/kg IKV-134 2 / 3 3.8 - 3.8 9.65E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 4.10E-01 J 1.80E+00 J mg/kg IKV-134 3 / 3 - 1.10E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.74E+02 J 2.20E+02 J mg/kg IKV-130 3 / 3 - 1.94E+02 --
7440-62-2 VANADIUM 5.37E+01 7.21E+01 mg/kg IKV-132 3 / 3 - 6.12E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.35E+02 7.20E+02 mg/kg IKV-130 3 / 3 - 4.45E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-19
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE GLORY HOLE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 8.72E+03 1.72E+04 mg/kg IKV-133 3 / 3 - 1.25E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 7.84E+01 J 8.89E+01 J mg/kg IKV-133 3 / 3 - 8.41E+01 3.90E-01 2.28E+02 1.00E+01 8.89E+00
7440-39-3 BARIUM 5.97E+01 1.31E+02 mg/kg IKV-133 3 / 3 - 9.99E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.20E-01 J 2.20E-01 J mg/kg IKV-131 1 / 3 0.35 - 0.51 2.20E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.40E+00 1.40E+00 mg/kg IKV-133 2 / 3 0.67 - 0.67 1.40E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.99E+04 1.06E+05 mg/kg IKV-133 3 / 3 - 7.04E+04 --
7440-47-3 CHROMIUM 1.74E+01 J 6.03E+01 J mg/kg IKV-133 3 / 3 - 3.79E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.19E+01 2.11E+01 mg/kg IKV-133 3 / 3 - 1.73E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 5.19E+01 8.11E+02 mg/kg IKV-133 3 / 3 - 3.11E+02 3.10E+03 3.10E+03
7439-89-6 IRON 3.42E+04 5.63E+04 mg/kg IKV-133 3 / 3 - 4.26E+04 5.50E+04 1.02E+00 --
7439-92-1 LEAD 5.06E+01 1.89E+02 mg/kg IKV-131 3 / 3 - 1.18E+02 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.79E+03 9.98E+03 mg/kg IKV-133 3 / 3 - 8.30E+03 --
7439-96-5 MANGANESE 4.87E+02 9.33E+02 mg/kg IKV-133 3 / 3 - 6.69E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 9.10E-02 J 7.00E-01 mg/kg IKV-131 3 / 3 - 3.80E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.82E+01 J 3.54E+01 J mg/kg IKV-133 3 / 3 - 2.44E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.06E+03 1.84E+03 mg/kg IKV-133 3 / 3 - 1.52E+03 --
7782-49-2 SELENIUM 8.20E-01 J 7.70E+00 mg/kg IKV-133 3 / 3 - 3.94E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.70E+00 5.10E+00 mg/kg IKV-133 3 / 3 - 3.03E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.29E+02 J 6.77E+02 mg/kg IKV-133 3 / 3 - 4.93E+02 --
7440-28-0 THALLIUM 2.30E+00 J 3.80E+00 mg/kg IKV-133 3 / 3 - 2.83E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.53E+01 6.74E+01 mg/kg IKV-133 3 / 3 - 4.66E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.48E+02 4.76E+03 mg/kg IKV-133 3 / 3 - 1.93E+03 2.30E+04 2.30E+04

92-52-4 1,1'-BIPHENYL 2.00E-01 J 2.00E-01 J mg/kg IKV-131 1 / 2 0.42 - 0.42 2.00E-01 3.50E+02
98-86-2 ACETOPHENONE 2.20E-01 J 2.90E-01 J mg/kg IKV-131 2 / 2 - 2.55E-01 7.80E+03 --
100-52-7 BENZALDEHYDE 3.30E-01 J 4.60E-01 J mg/kg IKV-131 2 / 2 - 3.95E-01 7.80E+03 6.10E+03

106-44-5 4-METHYLPHENOL 2.70E+00 3.80E+00 mg/kg IKV-131 2 / 2 - 3.25E+00 --
117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 3.00E+00 1.20E+01 mg/kg IKV-131 2 / 2 - 7.50E+00 3.50E+01 3.90E+01
85-68-7 BUTYLBENZYLPHTHALATE 2.70E-01 J 1.20E+01 mg/kg IKV-131 2 / 2 - 6.14E+00 2.60E+02 1.20E+04
84-66-2 DIETHYLPHTHALATE 1.30E-01 J 1.30E-01 J mg/kg IKV-131 1 / 2 0.42 - 0.42 1.30E-01 4.90E+04
84-74-2 DI-N-BUTYLPHTHALATE 1.20E-01 J 9.10E-01 J mg/kg IKV-131 2 / 2 - 5.15E-01 6.10E+03 --
87-86-5 PENTACHLOROPHENOL 3.50E-01 J 3.50E-01 J mg/kg IKV-131 1 / 2 2 - 2 3.50E-01 3.00E+00 3.20E+00
108-95-2 PHENOL 3.40E-01 J 2.70E+00 mg/kg IKV-131 2 / 2 - 1.52E+00 1.80E+04 1.80E+05

TABLE 5-20
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN DEEP SOIL (GREATER THAN 10 FEET BELOW GROUND SURFACE)

IRON KING MINE GLORY HOLE

VOLATILES

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

TABLE 5-20
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN DEEP SOIL (GREATER THAN 10 FEET BELOW GROUND SURFACE)

IRON KING MINE GLORY HOLE

91-57-6 2-METHYLNAPHTHALENE 5.30E-01 J 5.30E-01 J mg/kg IKV-131 1 / 2 0.42 - 0.42 5.30E-01 --
83-32-9 ACENAPHTHENE 2.60E-01 J 2.60E-01 J mg/kg IKV-131 1 / 2 0.42 - 0.42 2.60E-01 3.40E+03 3.70E+03
56-55-3 BENZO(A)ANTHRACENE 5.90E-02 J 1.20E-01 J mg/kg IKV-131 2 / 2 - 8.95E-02 1.50E-01 6.90E-01
50-32-8 BENZO(A)PYRENE 1.10E-01 J 1.10E-01 J mg/kg IKV-131 1 / 2 1.1 - 1.1 1.10E-01 1.50E-02 7.33E+00 6.90E-02 1.59E+00
205-99-2 BENZO(B)FLUORANTHENE 8.30E-02 J 8.30E-02 J mg/kg IKV-131 1 / 2 1.1 - 1.1 8.30E-02 1.50E-01 6.90E-01
191-24-2 BENZO(G,H,I)PERYLENE 4.70E-02 J 4.70E-02 J mg/kg IKV-131 1 / 2 1.1 - 1.1 4.70E-02 2.30E+03 --
218-01-9 CHRYSENE 1.40E-01 J 1.90E-01 J mg/kg IKV-131 2 / 2 - 1.65E-01 1.50E+01 6.80E+01
132-64-9 DIBENZOFURAN 3.10E-01 J 3.10E-01 J mg/kg IKV-131 1 / 2 0.42 - 0.42 3.10E-01 1.40E+02
206-44-0 FLUORANTHENE 1.10E-01 J 2.40E-01 J mg/kg IKV-131 2 / 2 - 1.75E-01 2.30E+03 2.30E+03
86-73-7 FLUORENE 1.40E-01 J 1.40E-01 J mg/kg IKV-131 1 / 2 0.42 - 0.42 1.40E-01 2.30E+03 2.70E+03
91-20-3 NAPHTHALENE 9.50E-02 J 6.00E-01 J mg/kg IKV-131 2 / 2 - 3.48E-01 3.90E+00 5.60E+01
85-01-8 PHENANTHRENE 1.40E-01 J 5.50E-01 J mg/kg IKV-131 2 / 2 - 3.45E-01 1.70E+04 1.80E+04
129-00-0 PYRENE 8.70E-02 J 1.50E-01 J mg/kg IKV-131 2 / 2 - 1.19E-01 1.70E+03 2.30E+03

72-54-8 4,4'-DDD 2.60E-03 J 2.60E-03 J mg/kg IKV-131 1 / 2 0.0041 - 0.0041 2.60E-03 2.00E+00
72-55-9 4,4'-DDE 2.30E-03 J 2.30E-03 J mg/kg IKV-131 1 / 2 0.0041 - 0.0041 2.30E-03 1.40E+00
309-00-2 ALDRIN 1.60E-03 J 1.60E-03 J mg/kg IKV-131 1 / 2 0.0021 - 0.0021 1.60E-03 2.90E-02
5103-71-9 ALPHA-CHLORDANE 2.90E-03 J 2.90E-03 J mg/kg IKV-131 1 / 2 0.0021 - 0.0021 2.90E-03 1.60E+00
319-85-7 BETA-BHC 2.70E-03 7.10E-03 J mg/kg IKV-131 2 / 2 - 4.90E-03 2.70E-01
319-86-8 DELTA-BHC 2.50E-03 J 2.10E-02 mg/kg IKV-131 2 / 2 - 1.18E-02 5.20E-01
959-98-8 ENDOSULFAN I 1.50E-03 J 1.50E-03 J mg/kg IKV-131 1 / 2 0.0021 - 0.0021 1.50E-03 3.70E+02
72-20-8 ENDRIN 2.30E-03 J 2.30E-03 J mg/kg IKV-131 1 / 2 0.0041 - 0.0041 2.30E-03 1.80E+01
53494-70-5 ENDRIN KETONE 3.60E-03 J 3.60E-03 J mg/kg IKV-131 1 / 2 0.0041 - 0.0041 3.60E-03 1.80E+01
58-89-9 GAMMA-BHC (LINDANE) 1.60E-03 J 1.60E-03 J mg/kg IKV-131 1 / 2 0.0021 - 0.0021 1.60E-03
5103-74-2 GAMMA-CHLORDANE 1.20E-03 J 3.00E-03 J mg/kg IKV-131 2 / 2 - 2.10E-03 1.60E+00
76-44-8 HEPTACHLOR 2.40E-03 J 5.20E-03 J mg/kg IKV-131 2 / 2 - 3.80E-03 1.10E-01

53469-21-9 AROCLOR-1242 1.20E-01 1.20E-01 mg/kg IKV-131 1 / 2 0.041 - 0.041 1.20E-01 2.20E-01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

PAHS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.20E-02 J 4.60E-01 J mg/kg IKJ-576 6 / 24 2.4 - 3.1 2.75E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 3.61E+03 2.89E+04 mg/kg IKJ-573 24 / 24 - 1.54E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.90E-01 J 2.30E+01 J mg/kg OW-24 16 / 24 6.4 - 7 3.45E+00 3.10E+01 --
7440-38-2 ARSENIC 1.23E+01 1.78E+03 mg/kg OW-24 29 / 29 - 1.98E+02 3.90E-01 4.56E+03 1.00E+01 1.78E+02
7440-39-3 BARIUM 2.42E+01 2.85E+02 mg/kg IKV-122 24 / 24 - 1.45E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 9.20E-02 J 5.20E-01 J mg/kg IKV-127 18 / 24 0.32 - 0.57 2.85E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 3.70E-02 J 3.50E+00 J mg/kg IKJ-576 14 / 24 0.1 - 0.62 1.33E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.62E+03 5.57E+04 mg/kg IKJ-576 24 / 24 - 1.64E+04 --
7440-47-3 CHROMIUM 6.30E+00 8.86E+01 mg/kg IKJ-570 24 / 24 - 1.83E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.40E+00 J 2.80E+01 mg/kg IKV-122 24 / 24 - 1.46E+01 2.30E+01 1.22E+00 9.00E+02
7440-50-8 COPPER 1.92E+01 3.08E+02 mg/kg IKJ-542 24 / 24 - 9.81E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.70E+04 9.17E+04 mg/kg OW-24 24 / 24 - 4.04E+04 5.50E+04 1.67E+00 --
7439-92-1 LEAD 6.10E+00 J 3.15E+03 J mg/kg OW-24 26 / 29 5 - 5 3.78E+02 4.00E+02 7.88E+00 4.00E+02 7.88E+00
7439-95-4 MAGNESIUM 2.17E+03 2.16E+04 mg/kg IKJ-573 24 / 24 - 7.66E+03 --
7439-96-5 MANGANESE 1.63E+02 1.55E+03 mg/kg IKV-122 24 / 24 - 6.41E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.00E-02 J 4.10E+00 mg/kg OW-24 22 / 28 0.083 - 0.12 1.01E+00 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.60E+00 2.78E+01 mg/kg IKJ-570 24 / 24 - 1.25E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.19E+02 2.61E+03 mg/kg IKJ-576 24 / 24 - 1.26E+03 --
7782-49-2 SELENIUM 3.30E-01 J 9.01E+01 mg/kg IKJ-576 9 / 24 3.4 - 4.4 2.40E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.00E-02 J 8.00E+00 mg/kg IKJ-576 20 / 24 0.79 - 1.1 1.71E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.53E+01 J 5.70E+02 J mg/kg IKJ-576 24 / 24 - 3.78E+02 --
7440-28-0 THALLIUM 5.00E-01 J 1.23E+01 mg/kg OW-24 7 / 24 2.4 - 3.1 2.68E+00 5.10E+00 2.41E+00 5.20E+00 2.37E+00
7440-62-2 VANADIUM 3.33E+01 9.62E+01 mg/kg IKJ-570 24 / 24 - 6.02E+01 3.90E+02 7.80E+01 1.23E+00
7440-66-6 ZINC 5.35E+01 2.76E+03 mg/kg IKJ-570 24 / 24 - 5.58E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-21
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE OPERATIONS AREA - MICELLANEOUS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
PH PH 8.00E+00 8.00E+00 pH Units IKV-127 1 / 1 - 8.00E+00

METALS
7429-90-5 ALUMINUM 1.33E+04 1.65E+04 mg/kg IKJ-542 5 / 5 - 1.43E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 1.56E+01 5.15E+01 mg/kg IKJ-542 5 / 5 - 3.54E+01 3.90E-01 1.32E+02 1.00E+01 5.15E+00
7440-39-3 BARIUM 1.24E+02 2.39E+02 mg/kg IKJ-542 5 / 5 - 1.70E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.20E-01 J 4.40E-01 J mg/kg IKV-127 4 / 5 0.49 - 0.49 3.78E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.00E-01 J 3.10E-01 J mg/kg IKV-125 2 / 5 0.12 - 0.31 2.55E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 6.98E+03 6.27E+04 mg/kg IKJ-514 5 / 5 - 2.53E+04 --
7440-47-3 CHROMIUM 1.08E+01 1.24E+01 mg/kg IKJ-542 5 / 5 - 1.14E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.50E+01 2.69E+01 mg/kg IKJ-542 5 / 5 - 1.84E+01 2.30E+01 1.17E+00 9.00E+02
7440-50-8 COPPER 3.32E+01 1.21E+02 mg/kg IKJ-542 5 / 5 - 5.26E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.28E+04 3.48E+04 mg/kg IKJ-542 5 / 5 - 2.60E+04 5.50E+04 --
7439-92-1 LEAD 5.90E+00 1.62E+02 mg/kg IKJ-542 5 / 5 - 4.29E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.72E+03 9.02E+03 mg/kg IKJ-542 5 / 5 - 7.39E+03 --
7439-96-5 MANGANESE 6.41E+02 8.89E+02 mg/kg IKJ-542 5 / 5 - 7.51E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.80E-02 J 4.40E-01 mg/kg IKJ-542 3 / 5 0.11 - 0.11 1.81E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.35E+01 1.60E+01 mg/kg IKJ-513 5 / 5 - 1.47E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 8.30E+02 1.74E+03 J+ mg/kg IKJ-514 5 / 5 - 1.23E+03 --
7782-49-2 SELENIUM 6.70E-01 J 1.70E+00 J mg/kg IKJ-542 2 / 5 3.7 - 3.8 1.19E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.70E-01 J 1.50E+00 mg/kg IKJ-542 4 / 5 1.1 - 1.1 5.50E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.02E+02 J 6.37E+02 mg/kg IKV-127 5 / 5 - 3.14E+02 --
7440-28-0 THALLIUM 2.60E+00 J 2.60E+00 J mg/kg IKJ-542 1 / 5 2.7 - 2.8 2.60E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.68E+01 7.62E+01 mg/kg IKJ-542 5 / 5 - 5.60E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.03E+01 2.56E+02 mg/kg IKJ-542 5 / 5 - 1.22E+02 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 2.40E-02 J 2.40E-02 J mg/kg IKV-127 1 / 1 - 2.40E-02 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.40E-02 J 2.40E-02 J mg/kg IKV-127 1 / 1 - 2.40E-02 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-22
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE OPERATIONS AREA - MICELLANEOUS

VOLATILES

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.70E-02 J- 5.50E-01 J mg/kg IKJ-582 5 / 15 2.5 - 3.9 2.01E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 2.20E+00 2.20E+00 mg/kg IKJ-537 1 / 1 - 2.20E+00 1.30E+05 --
14808-79-8 SULFATE 2.00E+02 7.60E+03 mg/kg IKJ-579 2 / 2 - 3.90E+03 --

METALS
7429-90-5 ALUMINUM 7.58E+03 1.90E+04 mg/kg HAB-1 16 / 16 - 1.27E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.60E-01 J 2.30E+01 mg/kg HAB-1 13 / 16 6.3 - 6.6 5.89E+00 3.10E+01 --
7440-38-2 ARSENIC 2.20E+01 1.98E+03 mg/kg IKJ-578 18 / 18 - 5.72E+02 3.90E-01 5.08E+03 1.00E+01 1.98E+02
7440-39-3 BARIUM 3.64E+01 2.08E+02 mg/kg IKV-116 16 / 16 - 1.05E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.70E-01 5.10E-01 J mg/kg IKV-116 9 / 16 0.28 - 0.6 3.83E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.70E-01 J 8.80E+00 mg/kg HAB-1 14 / 16 0.54 - 0.74 1.87E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.66E+03 2.10E+04 mg/kg HAB-1 16 / 16 - 1.05E+04 --
7440-47-3 CHROMIUM 7.90E+00 4.54E+01 mg/kg CG-24 16 / 16 - 1.39E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 2.70E+00 J 2.00E+01 mg/kg IKV-116 16 / 16 - 9.40E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 2.63E+01 1.93E+02 mg/kg IKJ-579 16 / 16 - 7.84E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.19E+04 8.55E+04 mg/kg IKJ-579 16 / 16 - 4.57E+04 5.50E+04 1.55E+00 --
7439-92-1 LEAD 1.38E+01 2.47E+03 J mg/kg IKJ-578 18 / 18 - 6.83E+02 4.00E+02 6.18E+00 4.00E+02 6.18E+00
7439-95-4 MAGNESIUM 4.41E+03 9.64E+03 mg/kg CG-24 16 / 16 - 5.99E+03 --
7439-96-5 MANGANESE 1.60E+02 J 9.81E+02 mg/kg IKV-116 16 / 16 - 4.60E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 8.50E-02 J 2.48E+01 mg/kg IKJ-579 16 / 17 0.11 - 0.11 4.50E+00 6.70E+00 3.70E+00 2.30E+01 1.08E+00
7440-02-0 NICKEL 6.20E+00 2.85E+01 mg/kg CG-24 16 / 16 - 1.09E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.89E+02 2.53E+03 J mg/kg IKJ-538 16 / 16 - 1.84E+03 --
7782-49-2 SELENIUM 7.70E-01 J 2.60E+01 J mg/kg IKJ-579 9 / 16 3.6 - 5.2 1.37E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.30E-01 J 1.84E+01 mg/kg IKJ-579 13 / 16 1 - 1.5 5.70E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 4.12E+01 J 6.19E+02 mg/kg IKJ-580 16 / 16 - 2.47E+02 --
7440-28-0 THALLIUM 3.00E-01 J 5.40E+00 mg/kg IKJ-579 7 / 16 1.7 - 11 1.78E+00 5.10E+00 1.06E+00 5.20E+00 1.04E+00
7440-62-2 VANADIUM 3.57E+01 8.62E+01 mg/kg IKJ-580 16 / 16 - 6.02E+01 3.90E+02 7.80E+01 1.11E+00
7440-66-6 ZINC 9.36E+01 2.70E+03 mg/kg HAB-1 16 / 16 - 5.91E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-23
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE SMALL TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.20E-01 J 2.20E-01 J mg/kg IKJ-582 1 / 7 2.6 - 2.7 2.20E-01 1.60E+03 1.20E+03
14808-79-8 SULFATE 1.60E+02 1.60E+02 mg/kg IKJ-537 1 / 1 - 1.60E+02 --

METALS
7429-90-5 ALUMINUM 5.28E+03 1.37E+04 mg/kg IKJ-582 7 / 7 - 1.01E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.40E-01 J 6.40E+00 J mg/kg IKJ-582 5 / 7 6.2 - 6.3 2.16E+00 3.10E+01 --
7440-38-2 ARSENIC 2.47E+01 1.16E+03 mg/kg IKJ-582 7 / 7 - 2.20E+02 3.90E-01 2.97E+03 1.00E+01 1.16E+02
7440-39-3 BARIUM 6.38E+01 1.39E+02 mg/kg IKJ-539 7 / 7 - 1.04E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.80E-01 J 4.40E-01 J mg/kg IKJ-539 6 / 7 0.52 - 0.52 3.22E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.40E-01 J 2.00E+00 mg/kg IKV-116 6 / 7 0.42 - 0.42 1.31E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.95E+03 2.17E+04 mg/kg IKV-113 7 / 7 - 1.29E+04 --
7440-47-3 CHROMIUM 9.20E+00 1.39E+01 mg/kg IKJ-582 7 / 7 - 1.11E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.50E+00 1.53E+01 mg/kg IKJ-539 7 / 7 - 1.13E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.14E+01 1.03E+02 mg/kg IKJ-582 7 / 7 - 4.22E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.74E+04 6.14E+04 mg/kg IKJ-582 7 / 7 - 2.95E+04 5.50E+04 1.12E+00 --
7439-92-1 LEAD 9.60E+00 9.99E+02 mg/kg IKJ-582 7 / 7 - 1.77E+02 4.00E+02 2.50E+00 4.00E+02 2.50E+00
7439-95-4 MAGNESIUM 3.34E+03 6.80E+03 mg/kg IKJ-539 7 / 7 - 5.67E+03 --
7439-96-5 MANGANESE 3.00E+02 8.25E+02 mg/kg IKJ-538 7 / 7 - 5.85E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.40E-02 J 6.30E+00 mg/kg IKJ-582 7 / 7 - 1.16E+00 6.70E+00 2.30E+01
7440-02-0 NICKEL 7.50E+00 J 1.30E+01 J mg/kg IKJ-539 7 / 7 - 1.09E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 9.38E+02 J 2.11E+03 J mg/kg IKJ-539 7 / 7 - 1.52E+03 --
7782-49-2 SELENIUM 5.70E-01 J 1.05E+01 mg/kg IKJ-582 2 / 7 3.6 - 3.8 5.54E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.20E-01 J 6.50E+00 mg/kg IKJ-582 5 / 7 1 - 1.1 1.56E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.41E+01 J 5.46E+02 mg/kg IKJ-582 7 / 7 - 1.85E+02 --
7440-28-0 THALLIUM 6.50E-01 J 6.50E-01 J mg/kg IKJ-582 1 / 7 2.6 - 2.7 6.50E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.62E+01 7.77E+01 mg/kg IKJ-582 7 / 7 - 4.74E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.96E+01 4.97E+02 mg/kg IKJ-582 7 / 7 - 2.14E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-24
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE SMALL TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.29E+01 J 1.29E+01 J µg/L CG-24 1 / 1 - 1.29E+01 5.20E+00 2.48E+00 1.87E+04 1.87E+04

METALS
7429-90-5 ALUMINUM 5.52E+01 J 5.52E+01 J µg/L CG-24 1 / 1 - 5.52E+01 8.70E+01
7440-38-2 ARSENIC 7.70E+00 7.70E+00 µg/L CG-24 1 / 1 - 7.70E+00 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 3.29E+01 3.29E+01 µg/L CG-24 1 / 1 - 3.29E+01 4.00E+00 8.23E+00
7440-43-9 CADMIUM 8.10E-01 J 8.10E-01 J µg/L CG-24 1 / 1 - 8.10E-01 6.40E-01 1.27E+00 7.00E+02 7.00E+02
7440-70-2 CALCIUM 1.65E+05 1.65E+05 µg/L CG-24 1 / 1 - 1.65E+05
7440-47-3 CHROMIUM 2.80E-01 J 2.80E-01 J µg/L CG-24 1 / 1 - 2.80E-01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 3.60E+00 3.60E+00 µg/L CG-24 1 / 1 - 3.60E+00 2.30E+01
7440-50-8 COPPER 2.10E+00 2.10E+00 µg/L CG-24 1 / 1 - 2.10E+00 2.90E+01
7439-92-1 LEAD 4.40E+00 4.40E+00 µg/L CG-24 1 / 1 - 4.40E+00 4.70E+01
7439-95-4 MAGNESIUM 3.54E+04 3.54E+04 µg/L CG-24 1 / 1 - 3.54E+04
7439-96-5 MANGANESE 2.47E+01 2.47E+01 µg/L CG-24 1 / 1 - 2.47E+01 1.20E+02 1.31E+05 1.31E+05
7440-02-0 NICKEL 3.10E+00 3.10E+00 µg/L CG-24 1 / 1 - 3.10E+00 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 6.69E+02 6.69E+02 µg/L CG-24 1 / 1 - 6.69E+02
7782-49-2 SELENIUM 2.30E+00 J 2.30E+00 J µg/L CG-24 1 / 1 - 2.30E+00 4.60E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.45E+04 3.45E+04 µg/L CG-24 1 / 1 - 3.45E+04
7440-62-2 VANADIUM 2.20E+00 2.20E+00 µg/L CG-24 1 / 1 - 2.20E+00 2.00E+01
7440-66-6 ZINC 3.71E+02 3.71E+02 µg/L CG-24 1 / 1 - 3.71E+02 3.80E+02 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-25
SURFACE WATER (TOTAL - UNFILTERED)
IRON KING MINE SMALL TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7440-38-2 ARSENIC 3.80E+00 3.80E+00 µg/L CG-24 1 / 1 - 3.80E+00 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 2.89E+01 2.89E+01 µg/L CG-24 1 / 1 - 2.89E+01 4.00E+00 7.23E+00
7440-43-9 CADMIUM 2.90E-01 J 2.90E-01 J µg/L CG-24 1 / 1 - 2.90E-01 6.40E-01 7.00E+02 7.00E+02
7440-70-2 CALCIUM 1.58E+05 1.58E+05 µg/L CG-24 1 / 1 - 1.58E+05
7440-47-3 CHROMIUM 5.40E-02 J 5.40E-02 J µg/L CG-24 1 / 1 - 5.40E-02 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 1.02E+01 1.02E+01 µg/L CG-24 1 / 1 - 1.02E+01 2.30E+01
7439-92-1 LEAD 5.90E-02 J 5.90E-02 J µg/L CG-24 1 / 1 - 5.90E-02 4.70E+01
7439-95-4 MAGNESIUM 3.60E+04 3.60E+04 µg/L CG-24 1 / 1 - 3.60E+04
7439-96-5 MANGANESE 1.30E+01 1.30E+01 µg/L CG-24 1 / 1 - 1.30E+01 1.20E+02 1.31E+05 1.31E+05
7440-02-0 NICKEL 3.40E+00 3.40E+00 µg/L CG-24 1 / 1 - 3.40E+00 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 4.56E+02 4.56E+02 µg/L CG-24 1 / 1 - 4.56E+02
7782-49-2 SELENIUM 2.20E+00 J 2.20E+00 J µg/L CG-24 1 / 1 - 2.20E+00 4.60E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.51E+04 3.51E+04 µg/L CG-24 1 / 1 - 3.51E+04
7440-62-2 VANADIUM 1.30E+00 1.30E+00 µg/L CG-24 1 / 1 - 1.30E+00 2.00E+01
7440-66-6 ZINC 1.49E+02 1.49E+02 µg/L CG-24 1 / 1 - 1.49E+02 3.80E+02 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-26
SURFACE WATER (DISSOLVED - FILTERED)

IRON KING MINE SMALL TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 LJ 1.00E-01 LJ mg/kg IK-S7 2 / 12 0.04 - 2.9 8.00E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 1.00E+00 6.00E+00 mg/kg IK-S26 4 / 5 1.2 - 1.2 2.75E+00 1.30E+05 --
PH PH 2.60E+00 6.90E+00 pH Units IKV-136 6 / 6  - 4.47E+00
14808-79-8 SULFATE 1.00E+03 2.60E+04 mg/kg IKJ-522 5 / 5 - 1.27E+04 --

METALS
7429-90-5 ALUMINUM 7.08E+03 1.51E+04 mg/kg IKV-136 8 / 8 - 1.26E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 9.26E+01 J mg/kg IK-S6 7 / 12 0.9 - 6.8 2.31E+01 3.10E+01 2.99E+00 --
7440-38-2 ARSENIC 1.27E+01 2.25E+03 mg/kg IK-S6 12 / 12 - 6.11E+02 3.90E-01 5.77E+03 1.00E+01 2.25E+02
7440-39-3 BARIUM 1.76E+01 LJ 3.42E+02 mg/kg IK-S26 12 / 12 - 1.29E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.50E-01 J 3.80E-01 J mg/kg IKV-138 4 / 8 0.13 - 0.32 2.98E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 3.30E-01 J 1.62E+01 J mg/kg IK-S6 11 / 12 0.16 - 0.16 6.52E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.51E+03 2.29E+04 J mg/kg IKJ-523 12 / 12 - 1.08E+04 --
7440-47-3 CHROMIUM 6.10E+00 2.54E+01 mg/kg IKJ-522 12 / 12 - 1.39E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.06E+01 2.01E+01 mg/kg IKV-136 7 / 8 1.7 - 1.7 1.64E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.71E+01 6.60E+02 J mg/kg IK-S6 12 / 12 - 2.21E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.88E+04 J 1.07E+05 mg/kg IK-S6 12 / 12 - 4.41E+04 5.50E+04 1.95E+00 --
7439-92-1 LEAD 8.90E+00 J 1.04E+04 mg/kg IK-S7 12 / 12 - 1.69E+03 4.00E+02 2.60E+01 4.00E+02 2.60E+01
7439-95-4 MAGNESIUM 3.63E+03 1.10E+04 mg/kg IKV-136 8 / 8 - 7.23E+03 --
7439-96-5 MANGANESE 2.60E+02 9.78E+02 J mg/kg IKV-137 8 / 8 - 7.40E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.80E-02 J 2.90E+01 mg/kg IK-S6 12 / 12 - 5.28E+00 6.70E+00 4.33E+00 2.30E+01 1.26E+00
7440-02-0 NICKEL 5.10E+00 1.39E+01 mg/kg IKV-137 8 / 8 - 1.12E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 4.41E+02 J 1.51E+03 mg/kg IKV-135 7 / 8 498 - 498 8.95E+02 --
7782-49-2 SELENIUM 5.90E-01 J 5.51E+01 mg/kg IK-S7 9 / 12 0.52 - 3.8 1.54E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 4.60E-01 LJ 1.02E+02 J mg/kg IK-S6 11 / 12 1.1 - 1.1 1.71E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.77E+01 J 1.02E+02 J mg/kg IKJ-522 8 / 8 - 1.93E+02 --
7440-28-0 THALLIUM 1.20E+00 LJ 1.02E+02 mg/kg IKJ-522 7 / 12 0.82 - 2.8 2.93E+00 5.10E+00 5.20E+00 1.96E+01
7440-62-2 VANADIUM 4.38E+01 1.02E+02 mg/kg IKV-136 8 / 8 - 5.18E+01 3.90E+02 7.80E+01 1.31E+00
7440-66-6 ZINC 7.08E+01 J 1.02E+02 mg/kg IK-S6 12 / 12 - 1.51E+03 2.30E+04 2.30E+04

106-47-8 4-CHLOROANILINE 4.30E-02 J 4.30E-02 J mg/kg IKJ-523 1 / 3 0.18 - 0.2 4.30E-02 9.00E+00 2.40E+02
117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 5.10E-02 J 5.20E-02 J mg/kg IKJ-523 2 / 3 0.2 - 0.2 5.15E-02 3.50E+01 3.90E+01

53469-21-9 AROCLOR-1242 1.70E-01 1.70E-01 mg/kg IKJ-524 1 / 3 0.035 - 0.037 1.70E-01 2.20E-01 --
11097-69-1 AROCLOR-1254 6.70E-02 6.70E-02 mg/kg IKJ-524 1 / 3 0.035 - 0.037 6.70E-02 2.20E-01 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-27
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE FORMER FERTILIZER PLANT

SEMIVOLATILES

PCBS



Page 1 of 1

CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 5.00E-02 LJ 5.00E-02 LJ mg/kg IK-SB7 1 / 7 0.04 - 2.9 5.00E-02 1.60E+03 1.20E+03
PH PH 3.30E+00 7.60E+00 pH Units IKV-137 7 / 7  - 5.81E+00
14808-79-8 SULFATE 5.70E+01 1.70E+04 mg/kg IKJ-522 2 / 2 - 8.53E+03 --

METALS
7429-90-5 ALUMINUM 1.32E+04 2.01E+04 mg/kg IKV-136 4 / 4 - 1.54E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 8.60E+00 2.43E+02 mg/kg IKJ-522 7 / 7 - 5.45E+01 3.90E-01 6.23E+02 1.00E+01 2.43E+01
7440-39-3 BARIUM 1.21E+02 1.16E+03 mg/kg IK-SB7 7 / 7 - 3.11E+02 1.50E+04 1.50E+04
7440-43-9 CADMIUM 7.00E-01 1.06E+01 mg/kg IK-SB6 4 / 7 0.11 - 0.53 4.28E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.51E+03 4.50E+04 mg/kg IKV-137 7 / 7 - 1.27E+04 --
7440-47-3 CHROMIUM 8.00E+00 J 1.45E+01 J mg/kg IK-SB6 6 / 7 11 - 11 1.10E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.42E+01 2.23E+01 mg/kg IKV-136 4 / 4 - 1.79E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.33E+01 J 2.20E+02 J mg/kg IK-SB6 7 / 7 - 8.04E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.98E+04 J 4.03E+04 mg/kg IKV-136 7 / 7 - 3.00E+04 5.50E+04 --
7439-92-1 LEAD 8.90E+00 3.42E+02 mg/kg IKV-135 7 / 7 - 9.05E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.71E+03 1.18E+04 mg/kg IKV-136 4 / 4 - 8.34E+03 --
7439-96-5 MANGANESE 8.37E+02 1.31E+03 mg/kg IKV-136 4 / 4 - 9.98E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.10E-02 J 5.20E-01 mg/kg IKV-136 7 / 7 - 1.99E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.20E+01 1.58E+01 mg/kg IKV-136 4 / 4 - 1.32E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 5.30E+02 J 1.03E+03 mg/kg IKV-137 4 / 4 - 8.55E+02 --
7782-49-2 SELENIUM 3.50E-01 J 2.70E+00 J mg/kg IKJ-522 4 / 7 0.49 - 0.52 1.13E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 2.70E-01 LJ 1.90E+00 J+ mg/kg IKV-136 6 / 7 0.88 - 0.88 1.14E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.16E+01 J 4.32E+02 J mg/kg IKV-137 4 / 4 - 1.56E+02 --
7440-28-0 THALLIUM 1.30E+00 J 3.10E+00 mg/kg IK-SB7 7 / 7 - 2.01E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.63E+01 7.12E+01 mg/kg IKV-136 4 / 4 - 5.40E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.35E+01 2.92E+03 mg/kg IK-SB6 7 / 7 - 7.96E+02 2.30E+04 2.30E+04

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 1.10E-01 J 6.80E-01 mg/kg IKJ-522 2 / 2 - 3.95E-01 3.50E+01 3.90E+01

85-01-8 PHENANTHRENE 1.20E-01 J 1.20E-01 J mg/kg IKV-135 1 / 2 0.19 - 0.19 1.20E-01 1.70E+04 1.80E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-28
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

IRON KING MINE FORMER FERTILIZER PLANT

SEMIVOLATILES

PAHS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.76E+04 2.13E+04 mg/kg IKJ-544 5 / 5 - 2.01E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 1.00E+01 1.10E+02 mg/kg OS-11 38 / 38 - 2.74E+01 3.90E-01 2.82E+02 1.00E+01 1.10E+01
7440-39-3 BARIUM 1.61E+02 2.26E+02 mg/kg IKJ-543 5 / 5 - 1.85E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.00E-01 J 5.60E-01 mg/kg IKJ-543 5 / 13 1 - 1 4.73E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.10E-02 J 3.70E-01 J mg/kg IKJ-547 1 / 13 0.54 - 1 1.96E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.36E+04 3.95E+04 mg/kg IKJ-546 5 / 5 - 2.98E+04 --
7440-47-3 CHROMIUM 9.70E+00 1.92E+01 mg/kg IKJ-544 13 / 13 - 1.34E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.82E+01 2.43E+01 mg/kg IKJ-543 5 / 5 - 2.07E+01 2.30E+01 1.06E+00 9.00E+02
7440-50-8 COPPER 3.30E+01 6.84E+01 mg/kg IKJ-544 13 / 13 - 4.92E+01 3.10E+03 3.10E+03
7439-89-6 IRON 3.15E+04 3.66E+04 mg/kg IKJ-543 5 / 5 - 3.47E+04 5.50E+04 --
7439-92-1 LEAD 5.30E+00 8.30E+01 mg/kg OS-4 22 / 38 5 - 5 2.48E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 9.19E+03 1.16E+04 mg/kg IKJ-546 5 / 5 - 1.06E+04 --
7439-96-5 MANGANESE 9.33E+02 1.17E+03 mg/kg IKJ-543 5 / 5 - 9.99E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 9.70E-02 7.20E-01 mg/kg OS-18 3 / 38 0.036 - 0.09 3.19E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 9.30E+00 2.13E+01 mg/kg IKJ-544 13 / 13 - 1.41E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.07E+03 1.43E+03 mg/kg IKJ-547 5 / 5 - 1.23E+03 --
7782-49-2 SELENIUM 3.70E-01 J 7.00E-01 J mg/kg IKJ-547 5 / 13 3.8 - 5 4.97E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.20E+00 1.40E+00 mg/kg IKJ-543 3 / 13 1.1 - 5 1.28E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.33E+01 J 1.06E+02 J mg/kg IKJ-547 5 / 5 - 9.46E+01 --
7440-28-0 THALLIUM 2.90E+00 2.90E+00 mg/kg IKJ-543 1 / 13 1.9 - 5 2.90E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 5.81E+01 6.85E+01 mg/kg IKJ-543 5 / 5 - 6.48E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.80E+01 1.55E+02 mg/kg IKJ-547 13 / 13 - 9.33E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-29
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IRON KING MINE SALVAGE YARD
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 3.00E-01 J 1.60E+00 J- mg/kg HSJ-580 8 / 32 0.45 - 4.1 9.74E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 7.30E+00 8.10E+01 mg/kg HS-05 6 / 6 - 3.99E+01 1.30E+05 --
PH PH 8.00E+00 8.90E+00 pH Units HSJ-504 4 / 4 - 8.50E+00
14808-79-8 SULFATE 3.00E+01 5.80E+02 mg/kg HSJ-580 7 / 7 - 2.18E+02 --

METALS
7429-90-5 ALUMINUM 9.13E+03 2.06E+05 mg/kg HSJ-517 34 / 34 - 9.69E+04 7.70E+04 2.68E+00 7.60E+04 2.71E+00
7440-36-0 ANTIMONY 8.20E-01 J 4.22E+01 mg/kg HSJ-552 23 / 34 0.79 - 8.2 1.62E+01 3.10E+01 1.36E+00 --
7440-38-2 ARSENIC 7.70E+00 2.29E+03 mg/kg HSV-119 34 / 34 - 1.67E+02 3.90E-01 5.87E+03 1.00E+01 2.29E+02
7440-39-3 BARIUM 5.45E+01 1.42E+03 J+ mg/kg HSJ-512 34 / 34 - 2.62E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.30E-01 J 2.68E+01 mg/kg HSJ-580 32 / 34 0.38 - 0.56 8.43E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.90E+00 8.57E+01 J mg/kg HSJ-538 32 / 34 1.1 - 1.1 1.26E+01 7.00E+01 1.22E+00 3.90E+01 2.20E+00
7440-70-2 CALCIUM 1.35E+03 6.20E+04 mg/kg HSJ-521 34 / 34 - 1.57E+04 --
16887-00-6 CHLORIDE 8.80E+01 1.30E+02 mg/kg HS-06 2 / 2 - 1.09E+02 --
7440-47-3 CHROMIUM 1.73E+01 1.79E+03 mg/kg HSJ-520 34 / 34 - 3.66E+02 2.80E+02 6.39E+00 1.20E+05
18540-29-9 CHROMIUM VI 1.70E+00 J 1.80E+01 J mg/kg HSJ-581 2 / 4 0.79 - 0.8 9.85E+00 3.90E+01 3.00E+01
7440-48-4 COBALT 5.60E+00 J 4.60E+01 mg/kg HSJ-547 33 / 34 6.3 - 6.3 1.80E+01 2.30E+01 2.00E+00 9.00E+02
7440-50-8 COPPER 1.49E+02 1.35E+04 mg/kg HSJ-508 34 / 34 - 5.12E+03 3.10E+03 4.35E+00 3.10E+03 4.35E+00
7439-89-6 IRON 7.56E+03 5.88E+04 mg/kg HSJ-505 34 / 34 - 2.53E+04 5.50E+04 1.07E+00 --
7439-92-1 LEAD 7.66E+01 J 5.05E+03 J mg/kg HSJ-538 34 / 34 - 8.22E+02 4.00E+02 1.26E+01 4.00E+02 1.26E+01
7439-95-4 MAGNESIUM 3.15E+03 4.78E+04 mg/kg HSJ-580 34 / 34 - 1.73E+04 --
7439-96-5 MANGANESE 2.36E+02 2.11E+03 mg/kg HSJ-521 34 / 34 - 9.54E+02 1.80E+03 1.17E+00 3.30E+03
7439-97-6 MERCURY 6.80E-02 J 6.70E+00 mg/kg HSJ-511 30 / 34 0.064 - 0.11 1.10E+00 6.70E+00 1.00E+00 2.30E+01
7440-02-0 NICKEL 2.13E+01 J 1.24E+03 mg/kg HSV-118 34 / 34 - 2.78E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 4.50E+02 4.05E+04 mg/kg HSJ-580 34 / 34 - 7.81E+03 --
7782-49-2 SELENIUM 3.70E-01 J 1.97E+01 mg/kg HSJ-506 34 / 34 - 8.02E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 8.20E-01 J+ 3.97E+02 mg/kg HS-05 34 / 34 - 2.00E+01 3.90E+02 1.02E+00 3.90E+02 1.02E+00
7440-23-5 SODIUM 4.89E+01 J 4.29E+04 mg/kg HSJ-580 33 / 34 282 - 282 8.10E+03 --
7440-28-0 THALLIUM 3.70E-01 J 3.80E+00 mg/kg HSJ-523 10 / 34 0.28 - 5.6 1.92E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 6.20E+00 7.02E+01 mg/kg HSJ-504 34 / 34 - 5.03E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.82E+02 5.89E+04 mg/kg HSJ-510 34 / 34 - 4.60E+03 2.30E+04 2.56E+00 2.30E+04 2.56E+00

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.00E-02 J 4.20E-02 J mg/kg HS-06 2 / 3 0.45 - 0.45 3.00E-02 3.50E+01 3.90E+01

TABLE 5-30
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER ASH PILE

SEMIVOLATILES
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CAS Number Chemical
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TABLE 5-30
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER ASH PILE

35822-46-9 1,2,3,4,6,7,8-HPCDD 1.30E+01 1.10E+03 pg/g HSV-118 10 / 10 - 5.50E+02 --
67562-39-4 1,2,3,4,6,7,8-HPCDF 3.30E+01 2.80E+03 J pg/g HSV-118 10 / 10 - 1.70E+03 --
55673-89-7 1,2,3,4,7,8,9-HPCDF 1.20E+01 3.60E+02 pg/g HSV-118 9 / 10 1.4 - 1.4 2.11E+02 --
39227-28-6 1,2,3,4,7,8-HXCDD 5.20E+00 3.70E+01 pg/g HSJ-517 9 / 10 0.62 - 0.62 2.15E+01 --
70648-26-9 1,2,3,4,7,8-HXCDF 6.10E+00 7.70E+02 pg/g HSJ-511 10 / 10 - 3.97E+02 --
57653-85-7 1,2,3,6,7,8-HXCDD 1.30E+01 8.30E+01 pg/g HSJ-519 9 / 10 1.6 - 1.6 4.59E+01 --
57117-44-9 1,2,3,6,7,8-HXCDF 4.70E+00 4.30E+02 pg/g HSJ-517 10 / 10 - 2.28E+02 --
19408-74-3 1,2,3,7,8,9-HXCDD 1.10E+01 7.40E+01 pg/g HSJ-517 9 / 10 1.2 - 1.2 4.29E+01 --
72918-21-9 1,2,3,7,8,9-HXCDF 6.80E+00 2.30E+01 pg/g HSJ-517 8 / 10 0.21 - 0.89 1.36E+01 --
40321-76-4 1,2,3,7,8-PECDD 4.60E+00 3.20E+01 pg/g HSJ-517 9 / 10 0.57 - 0.57 1.74E+01 --
57117-41-6 1,2,3,7,8-PECDF 1.10E+01 1.50E+02 pg/g HSJ-517 9 / 10 1.7 - 1.7 8.66E+01 1.20E-04 1.25E+06 --
60851-34-5 2,3,4,6,7,8-HXCDF 8.90E+00 6.80E+02 pg/g HSJ-519 10 / 10 - 3.46E+02 --
57117-31-4 2,3,4,7,8-PECDF 4.60E+00 3.30E+02 pg/g HSJ-519 10 / 10 - 1.66E+02 1.20E-05 2.75E+07 --
1746-01-6 2,3,7,8-TCDD 1.00E+00 EMPC 1.10E+01 pg/g HSJ-517 9 / 10 0.19 - 0.19 4.99E+00 4.50E-06 2.44E+06 4.50E-06 2.44E+06
51207-31-9 2,3,7,8-TCDF 2.10E+00 1.40E+02 pg/g HSJ-511 10 / 10 - 6.70E+01 3.70E-05 3.78E+06 --
72-55-9 4,4'-DDE 7.20E-03 J 9.70E-03 J mg/kg HSJ-521 1 / 1 - 8.45E-03 1.40E+00 2.00E+00
50-29-3 4,4'-DDT 2.40E-03 J 2.40E-03 J mg/kg HSJ-521 1 / 1 0.0036 - 0.0036 2.40E-03 1.70E+00 2.00E+00
3268-87-9 OCDD 3.70E+01 9.30E+03 J pg/g HSV-118 10 / 10 - 3.17E+03 1.50E-02 6.20E+05 --
39001-02-0 OCDF 8.30E+00 5.90E+03 J pg/g HSV-118 10 / 10 - 2.48E+03 1.20E-02 4.92E+05 --
37871-00-4 TOTAL HPCDD 3.20E+01 2.10E+03 pg/g HSV-118 10 / 10 - 1.13E+03 --
38998-75-3 TOTAL HPCDF 4.40E+01 4.80E+03 pg/g HSV-118 10 / 10 - 2.76E+03 --
34465-46-8 TOTAL HXCDD 2.60E+01 1.70E+03 pg/g HSJ-519 10 / 10 - 6.42E+02 --
55684-94-1 TOTAL HXCDF 5.90E+01 4.80E+03 pg/g HSJ-519 10 / 10 - 2.65E+03 --
36088-22-9 TOTAL PECDD 6.00E+01 6.90E+02 pg/g HSJ-519 9 / 10 5 - 5 2.68E+02 --
30402-15-4 TOTAL PECDF 4.40E+01 3.80E+03 pg/g HSJ-519 10 / 10 - 1.84E+03 --
41903-57-5 TOTAL TCDD 2.10E+00 2.70E+02 pg/g HSJ-519 10 / 10 - 1.15E+02 --
55722-27-5 TOTAL TCDF 4.10E+01 2.70E+03 pg/g HSJ-519 10 / 10 - 1.28E+03 --

319-86-8 DELTA-BHC 1.30E-02 1.70E-02 mg/kg HSJ-521 1 / 1 - 1.50E-02 5.20E-01 --
60-57-1 DIELDRIN 2.30E-03 J 2.30E-03 J mg/kg HSJ-521 1 / 1 0.0036 - 0.0036 2.30E-03 3.00E-02 3.40E-02
959-98-8 ENDOSULFAN I 1.50E-03 J 2.00E-03 J mg/kg HSJ-521 1 / 1 - 1.75E-03 3.70E+02 3.70E+02
76-44-8 HEPTACHLOR 5.80E-03 7.30E-03 mg/kg HSJ-521 1 / 1 - 6.55E-03 1.10E-01 1.20E-01
1024-57-3 HEPTACHLOR EPOXIDE 1.80E-02 J 2.50E-02 J mg/kg HSJ-521 1 / 1 - 2.15E-02 5.30E-02 6.00E-02

12672-29-6 AROCLOR-1248 8.20E-01 D 9.30E-01 D mg/kg HSJ-521 1 / 1 - 8.75E-01 2.20E-01 4.23E+00 --
11096-82-5 AROCLOR-1260 2.90E-02 J 3.00E-02 J mg/kg HSJ-521 1 / 1 - 2.95E-02 2.20E-01 --

Notes:
EMPC = Estimated maximum possible concentration.
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
D = The reported value is from a dilution.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

PCBS
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INORGANICS
14797-55-8 NITRATE AS N 1.70E+01 2.30E+01 mg/kg HSJ-511 2 / 2 - 2.00E+01 1.30E+05 --
PH PH 8.40E+00 9.00E+00 pH Units HSJ-504 2 / 2 - 8.70E+00
14808-79-8 SULFATE 1.20E+02 1.40E+02 mg/kg HSJ-504 2 / 2 - 1.30E+02 --

METALS
7429-90-5 ALUMINUM 5.94E+03 1.55E+05 mg/kg HSJ-508 15 / 15 - 6.06E+04 7.70E+04 2.01E+00 7.60E+04 2.04E+00
7440-36-0 ANTIMONY 4.20E-01 J 7.65E+01 J mg/kg HSJ-517 8 / 15 4.7 - 7.4 2.08E+01 3.10E+01 2.47E+00 --
7440-38-2 ARSENIC 9.00E+00 J 3.37E+02 J mg/kg HSJ-538 15 / 15 - 9.35E+01 3.90E-01 8.64E+02 1.00E+01 3.37E+01
7440-39-3 BARIUM 6.53E+01 1.46E+03 J+ mg/kg HSJ-512 15 / 15 - 4.54E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.90E-01 J 8.70E+00 mg/kg HSJ-508 15 / 15 - 2.94E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.80E-01 4.01E+01 J mg/kg HSJ-538 12 / 15 0.15 - 0.53 9.80E+00 7.00E+01 3.90E+01 1.03E+00
7440-70-2 CALCIUM 3.58E+03 1.68E+05 mg/kg HSJ-516 15 / 15 - 4.24E+04 --
7440-47-3 CHROMIUM 1.18E+01 J 1.15E+03 J mg/kg HSV-118 15 / 15 - 1.99E+02 2.80E+02 4.11E+00 1.20E+05
7440-48-4 COBALT 6.40E+00 3.72E+01 mg/kg HSJ-505 15 / 15 - 1.96E+01 2.30E+01 1.62E+00 9.00E+02
7440-50-8 COPPER 3.74E+01 2.13E+04 mg/kg HSJ-517 15 / 15 - 4.34E+03 3.10E+03 6.87E+00 3.10E+03 6.87E+00
7439-89-6 IRON 1.10E+04 1.04E+05 mg/kg HSJ-505 15 / 15 - 2.70E+04 5.50E+04 1.89E+00 --
7439-92-1 LEAD 8.90E+00 1.14E+04 mg/kg HSJ-517 15 / 15 - 1.13E+03 4.00E+02 2.85E+01 4.00E+02 2.85E+01
7439-95-4 MAGNESIUM 3.25E+03 2.98E+04 mg/kg HSJ-511 15 / 15 - 1.41E+04 --
7439-96-5 MANGANESE 2.76E+02 1.63E+03 mg/kg HSJ-512 15 / 15 - 9.54E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.00E-02 J 3.00E+00 mg/kg HSV-118 9 / 15 0.039 - 0.12 6.28E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.14E+01 J 1.01E+03 J mg/kg HSJ-517 15 / 15 - 2.24E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 4.83E+02 J 9.00E+03 J mg/kg HSV-121 15 / 15 - 3.04E+03 --
7782-49-2 SELENIUM 4.20E-01 J 3.60E+01 J mg/kg HSJ-517 14 / 15 3.7 - 3.7 6.40E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 5.10E-01 J- 1.07E+02 mg/kg HSJ-517 13 / 15 0.78 - 0.81 1.35E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.05E+01 J 5.13E+03 J mg/kg HSJ-511 15 / 15 - 1.59E+03 --
7440-28-0 THALLIUM 3.80E-01 J 3.00E+00 mg/kg HSJ-505 5 / 15 0.63 - 3.5 1.56E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 9.90E+00 6.74E+01 mg/kg HSJ-504 15 / 15 - 4.76E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.41E+01 2.18E+04 mg/kg HSJ-505 15 / 15 - 3.74E+03 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 3.20E-02 J 3.20E-02 J mg/kg HSJ-515 1 / 2 0.19 - 0.19 3.20E-02 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.70E-02 J 2.70E-02 J mg/kg HSJ-521 1 / 2 0.19 - 0.19 2.70E-02 3.50E+01 3.90E+01

218-01-9 CHRYSENE 1.50E-01 J 1.50E-01 J mg/kg HSJ-515 1 / 2 0.19 - 0.19 1.50E-01 1.50E+01 6.80E+01
85-01-8 PHENANTHRENE 5.10E-02 J 5.10E-02 J mg/kg HSJ-515 1 / 2 0.19 - 0.19 5.10E-02 1.70E+04 1.80E+04

TABLE 5-31
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER ASH PILE

VOLATILES

SEMIVOLATILES
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TABLE 5-31
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER ASH PILE

72-55-9 4,4'-DDE 5.60E-03 NJ 9.10E-03 J mg/kg HSJ-521 2 / 2 - 7.35E-03 1.40E+00 2.00E+00
50-29-3 4,4'-DDT 2.00E-03 J 7.30E-03 NJ mg/kg HSJ-515 2 / 2 - 4.65E-03 1.70E+00 2.00E+00
319-85-7 BETA-BHC 4.20E-03 NJ 4.20E-03 NJ mg/kg HSJ-515 1 / 2 0.0019 - 0.0019 4.20E-03 2.70E-01 --
319-86-8 DELTA-BHC 7.70E-03 NJ 1.70E-02 mg/kg HSJ-521 2 / 2 - 1.24E-02 5.20E-01 --
60-57-1 DIELDRIN 2.20E-03 J 2.20E-03 J mg/kg HSJ-521 1 / 2 0.0037 - 0.0037 2.20E-03 3.00E-02 3.40E-02
959-98-8 ENDOSULFAN I 1.80E-03 J 1.80E-03 J mg/kg HSJ-521 1 / 2 0.0019 - 0.0019 1.80E-03 3.70E+02 3.70E+02
33213-65-9 ENDOSULFAN II 2.50E-03 NJ 2.50E-03 NJ mg/kg HSJ-515 1 / 2 0.0037 - 0.0037 2.50E-03 3.70E+02 3.70E+02
72-20-8 ENDRIN 3.90E-03 NJ 3.90E-03 NJ mg/kg HSJ-515 1 / 2 0.0037 - 0.0037 3.90E-03 1.80E+01 1.80E+01
7421-93-4 ENDRIN ALDEHYDE 3.70E-03 NJ 3.70E-03 NJ mg/kg HSJ-515 1 / 2 0.0037 - 0.0037 3.70E-03 1.80E+01 --
53494-70-5 ENDRIN KETONE 5.90E-03 NJ 5.90E-03 NJ mg/kg HSJ-515 1 / 2 0.0037 - 0.0037 5.90E-03 1.80E+01 --
76-44-8 HEPTACHLOR 3.10E-03 NJ 8.00E-03 mg/kg HSJ-521 2 / 2 - 5.55E-03 1.10E-01 1.20E-01
1024-57-3 HEPTACHLOR EPOXIDE 1.00E-02 NJ 2.20E-02 J mg/kg HSJ-521 2 / 2 - 1.60E-02 5.30E-02 6.00E-02
72-43-5 METHOXYCHLOR 1.10E-02 NJ 1.10E-02 NJ mg/kg HSJ-515 1 / 2 0.019 - 0.019 1.10E-02 3.10E+02 3.10E+02

12672-29-6 AROCLOR-1248 7.60E-01 D 7.70E-01 D mg/kg HSJ-521 2 / 2 - 7.65E-01 2.20E-01 3.50E+00 --
11097-69-1 AROCLOR-1254 3.90E-01 D 3.90E-01 D mg/kg HSJ-515 1 / 2 0.037 - 0.037 3.90E-01 2.20E-01 1.77E+00 --
11096-82-5 AROCLOR-1260 2.10E-02 J 2.70E-02 J mg/kg HSJ-521 2 / 2 - 2.40E-02 2.20E-01 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
NJ = The analyte identification is questionable due to poor resolution.  Presumptively present at approximate quantity.
D = The reported value is from a dilution.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.
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INORGANICS
57-12-5 CYANIDE (TOTAL) 1.00E-01 J 1.00E-01 J mg/kg HSJ-561 1 / 10 2.5 - 3.1 1.00E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 1.40E+01 1.40E+01 mg/kg HSJ-507 1 / 1 - 1.40E+01 1.30E+05 --
PH PH 8.20E+00 8.20E+00 pH Units HSJ-507 1 / 1 - 8.20E+00
14808-79-8 SULFATE 2.40E+02 2.40E+02 mg/kg HSJ-507 1 / 1 - 2.40E+02 --

METALS
7429-90-5 ALUMINUM 2.90E+02 3.22E+04 mg/kg HSV-109 10 / 10 - 1.56E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.70E+00 J 3.57E+01 J mg/kg HSV-122 5 / 10 5.3 - 7.5 1.17E+01 3.10E+01 1.15E+00 --
7440-38-2 ARSENIC 1.14E+01 6.01E+02 J mg/kg HSJ-561 10 / 10 - 1.31E+02 3.90E-01 1.54E+03 1.00E+01 6.01E+01
7440-39-3 BARIUM 4.63E+01 6.52E+02 mg/kg HSV-123 8 / 10 2.8 - 8.6 2.95E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.90E-01 J 1.70E+00 mg/kg HSJ-507 6 / 10 0.093 - 0.54 1.02E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 9.40E-01 6.60E+00 mg/kg HSV-127 8 / 10 0.19 - 0.24 2.70E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.29E+03 1.12E+05 mg/kg HSV-126 8 / 10 132 - 174 2.57E+04 --
7440-47-3 CHROMIUM 9.20E+00 6.40E+01 mg/kg HSJ-507 8 / 10 0.75 - 0.78 3.07E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.80E+00 2.80E+01 mg/kg HSV-109 10 / 10 - 2.16E+01 2.30E+01 1.22E+00 9.00E+02
7440-50-8 COPPER 2.60E+02 2.29E+04 mg/kg HSJ-514 10 / 10 - 2.84E+03 3.10E+03 7.39E+00 3.10E+03 7.39E+00
7439-89-6 IRON 9.07E+03 5.25E+04 mg/kg HSV-127 10 / 10 - 2.95E+04 5.50E+04 --
7439-92-1 LEAD 6.54E+01 9.72E+02 J mg/kg HSJ-561 10 / 10 - 2.65E+02 4.00E+02 2.43E+00 4.00E+02 2.43E+00
7439-95-4 MAGNESIUM 7.08E+02 2.57E+04 J mg/kg HSV-125 10 / 10 - 1.00E+04 --
7439-96-5 MANGANESE 1.84E+01 9.99E+02 mg/kg HSJ-507 10 / 10 - 4.59E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.40E-02 J 9.50E-01 mg/kg HSV-126 8 / 10 0.1 - 0.11 3.92E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.90E-01 J 1.72E+02 mg/kg HSV-109 10 / 10 - 7.04E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 3.91E+01 J 2.00E+03 J mg/kg HSJ-507 10 / 10 - 8.21E+02 --
7782-49-2 SELENIUM 1.00E+00 J 2.07E+01 mg/kg HSJ-514 10 / 10 - 3.88E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 4.20E-01 J- 1.90E+01 mg/kg HSJ-514 10 / 10 - 4.31E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.90E+00 J 9.69E+03 mg/kg HSV-125 10 / 10 - 2.16E+03 --
7440-28-0 THALLIUM 1.80E+00 J 3.70E+00 mg/kg HSV-127 3 / 10 0.81 - 2.7 2.67E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 5.70E+00 5.93E+01 mg/kg HSJ-507 8 / 10 0.24 - 5.4 3.05E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 2.28E+02 J 8.48E+03 mg/kg HSV-127 10 / 10 - 2.06E+03 2.30E+04 2.30E+04

67562-39-4 1,2,3,4,6,7,8-HPCDF 3.90E+00 3.90E+00 pg/g HSV-123 1 / 3 0.32 - 1.8 3.90E+00 --
3268-87-9 OCDD 6.80E+00 6.80E+00 pg/g HSV-123 1 / 3 1.8 - 3.5 6.80E+00 1.50E-02 4.53E+02 --
39001-02-0 OCDF 5.70E+00 5.70E+00 pg/g HSV-123 1 / 3 0.7 - 1.8 5.70E+00 1.20E-02 4.75E+02 --
38998-75-3 TOTAL HPCDF 3.90E+00 3.90E+00 pg/g HSV-123 1 / 3 0.32 - 1.8 3.90E+00 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-32
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER SLAG

DIOXINS



Page 1 of 1

CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 6.40E+00 6.40E+00 mg/kg HSJ-507 1 / 1 - 6.40E+00 1.30E+05 --
PH PH 8.60E+00 8.60E+00 pH Units HSJ-507 1 / 1 - 8.60E+00
14808-79-8 SULFATE 7.40E+01 J 7.40E+01 J mg/kg HSJ-507 1 / 1 - 7.40E+01 --

METALS
7429-90-5 ALUMINUM 1.97E+04 3.14E+04 mg/kg HSV-109 2 / 2 - 2.56E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 7.80E+00 J 3.81E+01 J mg/kg HSJ-507 2 / 2 - 2.30E+01 3.90E-01 9.77E+01 1.00E+01 3.81E+00
7440-39-3 BARIUM 1.76E+02 1.68E+03 mg/kg HSJ-507 2 / 2 - 9.28E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 8.70E-01 1.00E+00 mg/kg HSV-109 2 / 2 - 9.35E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.60E-01 J 1.00E+00 mg/kg HSJ-507 2 / 2 - 5.80E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.99E+04 J 6.10E+04 mg/kg HSJ-507 2 / 2 - 4.05E+04 --
7440-47-3 CHROMIUM 2.49E+01 2.77E+01 mg/kg HSV-109 2 / 2 - 2.63E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.88E+01 2.52E+01 mg/kg HSV-109 2 / 2 - 2.20E+01 2.30E+01 1.10E+00 9.00E+02
7440-50-8 COPPER 7.11E+01 4.45E+02 mg/kg HSJ-507 2 / 2 - 2.58E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.62E+04 2.96E+04 mg/kg HSV-109 2 / 2 - 2.29E+04 5.50E+04 --
7439-92-1 LEAD 5.10E+00 J 5.81E+01 mg/kg HSJ-507 2 / 2 - 3.16E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 1.41E+04 2.75E+04 J mg/kg HSV-109 2 / 2 - 2.08E+04 --
7439-96-5 MANGANESE 5.09E+02 6.72E+02 mg/kg HSV-109 2 / 2 - 5.91E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.50E-02 J 3.50E-02 J mg/kg HSV-109 1 / 2 0.073 - 0.073 3.50E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.42E+02 1.66E+02 mg/kg HSV-109 2 / 2 - 1.54E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.69E+02 J 9.43E+02 J+ mg/kg HSV-109 2 / 2 - 8.56E+02 --
7782-49-2 SELENIUM 4.30E-01 J 1.20E+00 J mg/kg HSV-109 2 / 2 - 8.15E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.60E+00 1.60E+00 mg/kg HSJ-507 1 / 2 1.1 - 1.1 1.60E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.99E+03 J 6.04E+03 mg/kg HSV-109 2 / 2 - 4.02E+03 --
7440-62-2 VANADIUM 3.67E+01 4.02E+01 mg/kg HSV-109 2 / 2 - 3.85E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.34E+01 J 3.40E+02 mg/kg HSJ-507 2 / 2 - 1.92E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-33
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER SLAG
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection Limits Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.90E-02 J 1.00E+00 J mg/kg HSV-137 24 / 44 0.1 - 3.4 3.35E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 8.00E-01 J 2.60E+01 mg/kg HS-08 8 / 8 - 9.56E+00 1.30E+05 --
PH PH 8.10E+00 8.80E+00 pH Units HSJ-525 4 / 4 - 8.35E+00
14808-79-8 SULFATE 6.00E+01 3.40E+04 mg/kg HS-01 8 / 8 - 7.01E+03 --
14797-73-0 PERCHLORATE 1.30E-02 J 1.30E-02 J mg/kg HSJ-532 1 / 3 0.022 - 0.022 1.30E-02 5.50E+01 5.50E+01

METALS
7429-90-5 ALUMINUM 8.38E+03 1.53E+05 mg/kg HS-07 49 / 49 - 3.13E+04 7.70E+04 1.99E+00 7.60E+04 2.01E+00
7440-36-0 ANTIMONY 3.70E-01 J 1.18E+02 mg/kg HS-08 33 / 49 6.3 - 8.5 8.04E+00 3.10E+01 3.81E+00 --
7440-38-2 ARSENIC 7.80E+00 J 1.10E+03 mg/kg HS-01 49 / 49 - 1.34E+02 3.90E-01 2.82E+03 1.00E+01 1.10E+02
7440-39-3 BARIUM 8.45E+01 1.54E+03 mg/kg HSJ-558 49 / 49 - 4.12E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.10E-02 J 9.50E+00 mg/kg HS-07 43 / 49 0.44 - 0.5 1.31E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.90E-01 J 3.39E+01 mg/kg HSJ-558 44 / 49 0.19 - 1.2 4.20E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.96E+03 1.55E+05 mg/kg HSJ-527 49 / 49 - 3.41E+04 --
16887-00-6 CHLORIDE 7.60E+00 J 2.50E+01 mg/kg HS-01 4 / 5 12 - 12 1.53E+01 --
7440-47-3 CHROMIUM 6.00E+00 6.18E+02 J mg/kg HSV-137 49 / 49 - 8.12E+01 2.80E+02 2.21E+00 1.20E+05
7440-48-4 COBALT 2.90E+00 J 5.49E+01 J mg/kg HSJ-558 49 / 49 - 2.06E+01 2.30E+01 2.39E+00 9.00E+02
7440-50-8 COPPER 2.56E+01 2.81E+04 J mg/kg HSJ-567 49 / 49 - 1.57E+03 3.10E+03 9.06E+00 3.10E+03 9.06E+00
7439-89-6 IRON 7.23E+03 1.22E+05 mg/kg HS-01 49 / 49 - 2.99E+04 5.50E+04 2.22E+00 --
7439-92-1 LEAD 8.90E+00 J 7.56E+02 mg/kg HS-07 49 / 49 - 2.17E+02 4.00E+02 1.89E+00 4.00E+02 1.89E+00
7439-95-4 MAGNESIUM 1.10E+03 3.08E+04 mg/kg HSV-103 49 / 49 - 1.17E+04 --
7439-96-5 MANGANESE 1.01E+02 J 2.57E+03 J mg/kg HSV-128 49 / 49 - 8.94E+02 1.80E+03 1.43E+00 3.30E+03
7439-97-6 MERCURY 4.60E-02 J 1.90E+00 J+ mg/kg HSV-136 43 / 49 0.076 - 0.12 3.64E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 9.80E+00 4.51E+02 mg/kg HSV-137 49 / 49 - 1.07E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.07E+02 J 6.25E+03 J mg/kg HSJ-541 49 / 49 - 2.16E+03 --
7782-49-2 SELENIUM 5.10E-01 J 4.20E+00 mg/kg HSJ-564 41 / 49 3.6 - 8.1 1.81E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.40E-01 J- 1.27E+01 J mg/kg HSV-137 44 / 49 0.7 - 1.2 2.93E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.87E+01 J 7.20E+03 J mg/kg HSV-103 49 / 49 - 1.04E+03 --
7440-28-0 THALLIUM 4.30E-01 J 2.80E+00 J mg/kg HSJ-513 18 / 49 0.48 - 6.3 1.19E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.58E+01 1.66E+02 mg/kg HSV-128 49 / 49 - 5.30E+01 3.90E+02 7.80E+01 2.13E+00
7440-66-6 ZINC 4.27E+01 J 4.00E+03 mg/kg HSJ-567 49 / 49 - 6.77E+02 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 1.90E-02 J 1.40E-01 J mg/kg HS-08 4 / 8 0.23 - 0.4 5.18E-02 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.50E-02 J 3.30E-01 J mg/kg HS-04 6 / 8 0.19 - 0.38 1.02E-01 3.50E+01 3.90E+01
84-74-2 DI-N-BUTYLPHTHALATE 4.90E-02 J 6.50E-02 J mg/kg HSJ-526 1 / 8 0.18 - 0.4 5.70E-02 6.10E+03 --

SEMIVOLATILES

TABLE 5-34
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER OPERATIONS AREA

VOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection Limits Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

TABLE 5-34
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER OPERATIONS AREA

35822-46-9 1,2,3,4,6,7,8-HPCDD 2.20E+01 1.50E+02 pg/g HSV-111 2 / 5 0.63 - 2.7 8.60E+01 --
67562-39-4 1,2,3,4,6,7,8-HPCDF 3.30E+01 4.40E+02 pg/g HSV-111 2 / 5 0.54 - 2 2.37E+02 --
55673-89-7 1,2,3,4,7,8,9-HPCDF 4.70E+00 7.40E+01 pg/g HSV-111 2 / 5 0.22 - 0.28 3.94E+01 --
39227-28-6 1,2,3,4,7,8-HXCDD 5.80E+00 5.80E+00 pg/g HSV-111 1 / 5 0.077 - 0.41 5.80E+00 --
70648-26-9 1,2,3,4,7,8-HXCDF 7.50E+00 1.10E+02 pg/g HSV-111 2 / 5 0.26 - 0.89 5.88E+01 --
57653-85-7 1,2,3,6,7,8-HXCDD 1.50E+01 1.50E+01 pg/g HSV-111 1 / 5 0.11 - 1.2 1.50E+01 --
57117-44-9 1,2,3,6,7,8-HXCDF 4.70E+00 7.60E+01 pg/g HSV-111 2 / 5 0.1 - 0.45 4.04E+01 --
19408-74-3 1,2,3,7,8,9-HXCDD 1.40E+01 1.40E+01 pg/g HSV-111 1 / 5 0.14 - 1.2 1.40E+01 --
72918-21-9 1,2,3,7,8,9-HXCDF 4.40E+00 EMPC 4.40E+00 EMPC pg/g HSV-111 1 / 5 0.089 - 0.34 4.40E+00 --
40321-76-4 1,2,3,7,8-PECDD 5.30E+00 5.30E+00 pg/g HSV-111 1 / 5 0.11 - 0.46 5.30E+00 --
57117-41-6 1,2,3,7,8-PECDF 3.00E+01 3.00E+01 pg/g HSV-111 1 / 5 0.091 - 1.9 3.00E+01 1.20E-04 2.50E+05 --
60851-34-5 2,3,4,6,7,8-HXCDF 5.10E+00 8.80E+01 pg/g HSV-111 2 / 5 0.17 - 0.45 4.66E+01 --
57117-31-4 2,3,4,7,8-PECDF 2.80E+00 4.30E+01 pg/g HSV-111 2 / 5 0.099 - 0.29 2.29E+01 1.20E-05 3.58E+06 --
1746-01-6 2,3,7,8-TCDD 1.60E+00 EMPC 1.60E+00 EMPC pg/g HSV-111 1 / 5 0.077 - 0.2 1.60E+00 4.50E-06 3.56E+05 4.50E-06 3.56E+05
51207-31-9 2,3,7,8-TCDF 1.40E+00 2.50E+01 pg/g HSV-111 2 / 5 0.22 - 0.73 1.32E+01 3.70E-05 6.76E+05 --
3268-87-9 OCDD 7.40E+00 8.40E+02 pg/g HSV-111 3 / 5 3.9 - 5.3 3.42E+02 1.50E-02 5.60E+04 --
39001-02-0 OCDF 5.90E+01 6.80E+02 pg/g HSV-111 2 / 5 1.3 - 2.9 3.70E+02 1.20E-02 5.67E+04 --
37871-00-4 TOTAL HPCDD 4.40E+01 3.00E+02 pg/g HSV-111 2 / 5 0.63 - 2.7 1.72E+02 --
38998-75-3 TOTAL HPCDF 5.80E+01 8.00E+02 pg/g HSV-111 2 / 5 0.54 - 2 4.29E+02 --
34465-46-8 TOTAL HXCDD 7.30E+00 1.40E+02 pg/g HSV-111 2 / 5 0.2 - 1.9 7.37E+01 --
55684-94-1 TOTAL HXCDF 3.60E+01 7.30E+02 pg/g HSV-111 2 / 5 0.26 - 0.89 3.83E+02 --
36088-22-9 TOTAL PECDD 4.30E+01 4.30E+01 pg/g HSV-111 1 / 5 0.11 - 1.1 4.30E+01 --
30402-15-4 TOTAL PECDF 1.30E+01 4.30E+02 pg/g HSV-111 2 / 5 0.16 - 0.65 2.22E+02 --
41903-57-5 TOTAL TCDD 2.00E+01 2.00E+01 pg/g HSV-111 1 / 5 0.077 - 0.33 2.00E+01 --
55722-27-5 TOTAL TCDF 8.10E-01 3.00E+02 pg/g HSV-111 3 / 5 0.22 - 1.1 1.05E+02 --

120-12-7 ANTHRACENE 1.80E-01 J 1.80E-01 J mg/kg HS-08 1 / 8 0.18 - 0.4 1.80E-01 1.70E+04 2.20E+04
83-32-9 ACENAPHTHENE 8.00E-02 J 8.00E-02 J mg/kg HS-08 1 / 8 0.18 - 0.4 8.00E-02 3.40E+03 3.70E+03
56-55-3 BENZO(A)ANTHRACENE 7.10E-01 7.10E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 7.10E-01 1.50E-01 4.73E+00 6.90E-01 1.03E+00
50-32-8 BENZO(A)PYRENE 5.40E-01 5.40E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 5.40E-01 1.50E-02 3.60E+01 6.90E-02 7.83E+00
205-99-2 BENZO(B)FLUORANTHENE 7.20E-01 7.20E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 7.20E-01 1.50E-01 4.80E+00 6.90E-01 1.04E+00
191-24-2 BENZO(G,H,I)PERYLENE 1.60E-01 J 1.60E-01 J mg/kg HS-08 1 / 8 0.18 - 0.4 1.60E-01 2.30E+03 --
207-08-9 BENZO(K)FLUORANTHENE 4.50E-01 4.50E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 4.50E-01 1.50E+00 6.90E+00
86-74-8 CARBAZOLE 1.00E-01 J 1.00E-01 J mg/kg HS-08 1 / 8 0.18 - 0.4 1.00E-01 2.30E+03 2.70E+01
218-01-9 CHRYSENE 7.20E-01 7.20E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 7.20E-01 1.50E+01 6.80E+01
53-70-3 DIBENZO(A,H)ANTHRACENE 1.10E-01 J 1.10E-01 J mg/kg HS-08 1 / 8 0.18 - 0.4 1.10E-01 1.50E-02 7.33E+00 6.90E-02 1.59E+00
206-44-0 FLUORANTHENE 1.30E+00 1.30E+00 mg/kg HS-08 1 / 8 0.18 - 0.4 1.30E+00 2.30E+03 2.30E+03
193-39-5 INDENO(1,2,3-CD)PYRENE 5.00E-01 5.00E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 5.00E-01 1.50E-01 3.33E+00 6.90E-01
85-01-8 PHENANTHRENE 7.00E-01 7.00E-01 mg/kg HS-08 1 / 8 0.18 - 0.4 7.00E-01 1.70E+04 1.80E+04
129-00-0 PYRENE 1.10E+00 1.10E+00 mg/kg HS-08 1 / 8 0.18 - 0.4 1.10E+00 1.70E+03 2.30E+03

11097-69-1 AROCLOR-1254 4.80E-02 7.60E-02 mg/kg HSJ-527 1 / 3 0.035 - 0.045 6.20E-02 2.20E-01 --
11096-82-5 AROCLOR-1260 2.60E-02 J 2.60E-02 J mg/kg HSJ-527 1 / 3 0.035 - 0.045 2.60E-02 2.20E-01 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
EMPC = Estimated maximum possible concentration.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

PAHS

PCBS

DIOXINS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 2.20E+00 2.20E+00 mg/kg HSJ-527 1 / 1 - 2.20E+00 1.30E+05 --
14797-73-0 PERCHLORATE 2.90E-02 2.90E-02 mg/kg HSJ-527 1 / 1 - 2.90E-02 5.50E+01 5.50E+01
PH PH 8.30E+00 8.40E+00 pH Units HSJ-525 2 / 2 - 8.35E+00
14808-79-8 SULFATE 5.60E+01 5.60E+01 mg/kg HSJ-527 1 / 1 - 5.60E+01 --

METALS
7429-90-5 ALUMINUM 7.24E+03 2.09E+04 mg/kg HSV-111 6 / 6 - 1.45E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.70E-01 J 1.10E+00 J mg/kg HSJ-527 2 / 6 6.6 - 8.1 7.85E-01 3.10E+01 --
7440-38-2 ARSENIC 3.60E+00 J 2.25E+01 J mg/kg HSV-111 6 / 6 - 1.22E+01 3.90E-01 5.77E+01 1.00E+01 2.25E+00
7440-39-3 BARIUM 1.04E+02 5.18E+02 mg/kg HSV-111 6 / 6 - 2.74E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 7.10E-01 1.20E+00 mg/kg HSJ-527 6 / 6 - 9.55E-01 1.60E+02 1.50E+02
7440-70-2 CALCIUM 1.94E+04 2.16E+05 mg/kg HSJ-527 6 / 6 - 1.07E+05 --
7440-47-3 CHROMIUM 8.50E+00 J 3.26E+01 mg/kg HSV-111 6 / 6 - 2.08E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.10E+00 J 2.06E+01 mg/kg HSV-111 6 / 6 - 1.43E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 9.80E+00 1.96E+02 mg/kg HSJ-525 6 / 6 - 7.75E+01 3.10E+03 3.10E+03
7439-89-6 IRON 3.74E+03 2.89E+04 mg/kg HSV-111 6 / 6 - 1.39E+04 5.50E+04 --
7439-92-1 LEAD 2.80E+00 3.51E+01 mg/kg HSV-111 6 / 6 - 1.58E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.61E+03 1.35E+04 mg/kg HSV-111 6 / 6 - 8.27E+03 --
7439-96-5 MANGANESE 2.09E+02 2.11E+03 mg/kg HSV-111 6 / 6 - 8.74E+02 1.80E+03 1.17E+00 3.30E+03
7440-02-0 NICKEL 5.00E+01 1.34E+02 mg/kg HSJ-528 6 / 6 - 8.52E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.15E+02 J 2.73E+03 J mg/kg HSJ-532 6 / 6 - 1.08E+03 --
7782-49-2 SELENIUM 6.10E-01 J 4.70E+00 J mg/kg HSJ-532 2 / 6 3.8 - 4 2.66E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.60E+00 1.60E+00 mg/kg HSV-111 1 / 6 0.53 - 1.2 1.60E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.00E+02 J 1.30E+03 J mg/kg HSV-111 6 / 6 - 3.93E+02 --
7440-28-0 THALLIUM 6.30E-01 J 1.20E+00 J mg/kg HSJ-532 2 / 6 1.8 - 2.8 9.15E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.31E+01 6.01E+01 mg/kg HSJ-527 6 / 6 - 4.16E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.10E+01 2.10E+02 mg/kg HSJ-525 6 / 6 - 8.59E+01 2.30E+04 2.30E+04

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 1.90E-02 J 1.90E-02 J mg/kg HSJ-540 1 / 4 0.18 - 0.19 1.90E-02 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-35
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER OPERATIONS AREA

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 4.10E-01 J 8.00E-01 J mg/kg IP-19 3 / 6 2.6 - 2.9 6.27E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 8.30E+01 2.00E+02 mg/kg IP-20 2 / 2 - 1.42E+02 1.30E+05 --
14808-79-8 SULFATE 1.30E+02 2.50E+02 mg/kg HS-23 2 / 2 - 1.90E+02 --

METALS
7429-90-5 ALUMINUM 1.93E+04 1.98E+05 mg/kg IP-21 6 / 6 - 1.18E+05 7.70E+04 2.57E+00 7.60E+04 2.61E+00
7440-36-0 ANTIMONY 2.00E+00 J 3.10E+01 mg/kg IP-21 6 / 6 - 1.26E+01 3.10E+01 1.00E+00 --
7440-38-2 ARSENIC 2.12E+01 J 7.58E+01 mg/kg HS-23 6 / 6 - 4.53E+01 3.90E-01 1.94E+02 1.00E+01 7.58E+00
7440-39-3 BARIUM 2.24E+02 4.57E+02 mg/kg HSJ-576 6 / 6 - 3.26E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.15E+01 2.81E+01 mg/kg IP-20 4 / 6 0.14 - 0.2 1.93E+01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 7.30E-01 3.18E+01 mg/kg IP-21 5 / 6 1.5 - 1.5 1.17E+01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.84E+03 5.34E+04 mg/kg HSJ-575 6 / 6 - 1.43E+04 --
16887-00-6 CHLORIDE 1.60E+03 1.60E+03 mg/kg HS-23 1 / 1 - 1.60E+03 --
7440-47-3 CHROMIUM 2.93E+01 4.33E+02 mg/kg IP-21 6 / 6 - 2.49E+02 2.80E+02 1.55E+00 1.20E+05
7440-48-4 COBALT 1.36E+01 2.17E+01 J mg/kg HSJ-576 6 / 6 - 1.57E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 7.31E+01 J 6.96E+03 J mg/kg IP-21 6 / 6 - 3.91E+03 3.10E+03 2.25E+00 3.10E+03 2.25E+00
7439-89-6 IRON 1.53E+04 3.03E+04 mg/kg HSJ-576 6 / 6 - 2.33E+04 5.50E+04 --
7439-92-1 LEAD 2.78E+01 J 1.11E+03 mg/kg IP-20 6 / 6 - 5.61E+02 4.00E+02 2.78E+00 4.00E+02 2.78E+00
7439-95-4 MAGNESIUM 1.03E+04 3.22E+04 mg/kg IP-20 6 / 6 - 2.07E+04 --
7439-96-5 MANGANESE 7.80E+02 2.06E+03 mg/kg HSJ-576 6 / 6 - 1.13E+03 1.80E+03 1.14E+00 3.30E+03
7439-97-6 MERCURY 6.10E-02 J 9.00E-01 mg/kg HS-23 6 / 6 - 3.06E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 3.92E+01 J 2.56E+02 mg/kg IP-21 6 / 6 - 1.57E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.32E+03 J+ 1.46E+04 J+ mg/kg IP-19 6 / 6 - 5.24E+03 --
7782-49-2 SELENIUM 9.60E-01 J 1.83E+01 mg/kg IP-20 6 / 6 - 6.31E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.20E-01 J 8.00E+00 J- mg/kg IP-21 6 / 6 - 3.88E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.26E+02 J 1.62E+04 mg/kg IP-19 6 / 6 - 3.66E+03 --
7440-28-0 THALLIUM 4.70E-01 J 1.30E+00 J mg/kg HSJ-575 2 / 6 2.9 - 7.5 8.85E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.76E+01 6.83E+01 mg/kg HS-23 6 / 6 - 5.61E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.58E+02 6.32E+03 mg/kg IP-20 6 / 6 - 3.01E+03 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 1.70E-01 J 1.70E-01 J mg/kg HS-23 1 / 1 - 1.70E-01 7.80E+03 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-36
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

IMPOUNDMENT - POND - HUMBOLDT SMELTER

VOLATILES



Page 1 of 1

CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.10E-01 J 3.00E-01 J mg/kg HSJ-569 11 / 12 2.7 - 2.8 1.82E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.25E+03 3.21E+04 mg/kg HSJ-568 12 / 12 - 1.73E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 9.00E-01 J 6.00E+00 mg/kg OW-34 12 / 12 - 3.34E+00 3.10E+01 --
7440-38-2 ARSENIC 1.25E+01 5.94E+01 mg/kg HSJ-571 12 / 12 - 2.63E+01 3.90E-01 1.52E+02 1.00E+01 5.94E+00
7440-39-3 BARIUM 2.06E+02 J 3.78E+02 J mg/kg OW-34 12 / 12 - 2.67E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.10E-02 J 1.00E+00 mg/kg HSJ-568 6 / 12 0.085 - 0.52 5.57E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.20E-01 J 3.10E+00 mg/kg HSJ-574 10 / 12 0.48 - 0.57 8.50E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.40E+03 1.84E+04 mg/kg OW-34 12 / 12 - 6.88E+03 --
7440-47-3 CHROMIUM 1.46E+01 5.27E+01 mg/kg HSJ-571 12 / 12 - 3.16E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.70E+00 2.17E+01 mg/kg HSJ-571 12 / 12 - 1.48E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.87E+01 8.47E+02 mg/kg HSJ-571 12 / 12 - 2.40E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.64E+04 J 4.59E+04 mg/kg HSJ-571 12 / 12 - 2.75E+04 5.50E+04 --
7439-92-1 LEAD 1.15E+01 1.34E+02 mg/kg HSJ-568 12 / 12 - 5.59E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.01E+03 8.40E+03 mg/kg HSJ-571 12 / 12 - 6.53E+03 --
7439-96-5 MANGANESE 1.02E+03 J 2.05E+03 J mg/kg OW-36 12 / 12 - 1.45E+03 1.80E+03 1.14E+00 3.30E+03
7439-97-6 MERCURY 4.80E-02 J 4.20E-01 mg/kg HSJ-574 8 / 12 0.097 - 0.11 1.46E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.92E+01 5.10E+01 mg/kg OW-37 12 / 12 - 3.53E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.83E+03 4.73E+03 mg/kg HSJ-571 12 / 12 - 2.93E+03 --
7782-49-2 SELENIUM 5.60E-01 J- 1.30E+00 J- mg/kg OW-37 8 / 12 3.4 - 3.8 9.48E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 6.40E-02 J 2.60E+00 mg/kg HSJ-568 9 / 12 1 - 1.1 6.92E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.68E+01 J 5.00E+02 mg/kg OW-34 12 / 12 105 - 105 2.38E+02 --
7440-28-0 THALLIUM 5.00E-01 J 7.40E-01 J mg/kg HSJ-571 3 / 12 0.42 - 2.7 6.10E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.18E+01 7.90E+01 mg/kg HSJ-571 12 / 12 - 5.06E+01 3.90E+02 7.80E+01 1.01E+00
7440-66-6 ZINC 6.58E+01 7.43E+02 mg/kg HSJ-574 12 / 12 - 2.12E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-37
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER OFF-SITE MIGRATION
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.10E-01 J 1.30E-01 J mg/kg HSJ-562 2 / 15 1 - 2.9 1.20E-01 1.60E+03
14797-55-8 NITRATE AS N 8.30E-01 J 2.50E+00 mg/kg HS-14 3 / 4 1 - 1 1.91E+00 1.30E+05
PH PH 7.10E+00 7.10E+00 pH Units HSJ-501 1 / 1 - 7.10E+00
14808-79-8 SULFATE 2.00E+03 2.10E+04 mg/kg HS-14 4 / 4 - 1.12E+04

METALS
7429-90-5 ALUMINUM 3.52E+03 2.63E+04 mg/kg HSJ-560 15 / 15 - 1.31E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 2.20E+00 J 1.25E+02 J mg/kg HSJ-562 9 / 15 1.8 - 12.7 1.99E+01 3.10E+01 4.03E+00 --
7440-38-2 ARSENIC 1.06E+01 J 2.02E+04 mg/kg HSJ-562 15 / 15 - 1.32E+03 3.90E-01 5.18E+04 1.00E+01 2.02E+03
7440-39-3 BARIUM 1.97E+01 J 9.25E+02 mg/kg HSV-116 15 / 15 - 3.55E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.00E-02 J 1.10E+00 mg/kg HSJ-545 12 / 15 0.51 - 0.56 4.59E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.70E-01 J 5.91E+01 mg/kg HSV-117 10 / 15 0.36 - 1.1 8.09E+00 7.00E+01 3.90E+01 1.52E+00
7440-70-2 CALCIUM 8.54E+02 1.52E+05 mg/kg HSJ-545 15 / 15 - 3.24E+04 --
16887-00-6 CHLORIDE 7.20E+00 J 1.20E+01 mg/kg HS-14 1 / 3 10 - 10 9.60E+00 --
7440-47-3 CHROMIUM 1.10E+00 1.62E+02 mg/kg HSJ-560 15 / 15 - 2.00E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.60E+00 J 5.92E+01 mg/kg HSJ-560 15 / 15 - 1.87E+01 2.30E+01 2.57E+00 9.00E+02
7440-50-8 COPPER 4.35E+01 5.25E+03 mg/kg HSV-117 15 / 15 - 1.91E+03 3.10E+03 1.69E+00 3.10E+03 1.69E+00
7439-89-6 IRON 3.85E+03 1.49E+05 mg/kg HSJ-562 15 / 15 - 4.48E+04 5.50E+04 2.71E+00 --
7439-92-1 LEAD 9.40E+00 4.73E+03 mg/kg HSJ-562 15 / 15 - 5.77E+02 4.00E+02 1.18E+01 4.00E+02 1.18E+01
7439-95-4 MAGNESIUM 1.09E+03 1.87E+04 mg/kg HSJ-560 15 / 15 - 7.46E+03 --
7439-96-5 MANGANESE 3.97E+01 3.83E+03 mg/kg HSV-116 15 / 15 - 6.80E+02 1.80E+03 2.13E+00 3.30E+03 1.16E+00
7439-97-6 MERCURY 5.60E-02 J 5.20E+00 mg/kg HSJ-562 12 / 15 0.029 - 0.12 7.25E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.50E+00 J 9.86E+01 mg/kg HSV-116 15 / 15 - 3.30E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.84E+02 3.60E+03 mg/kg HSJ-562 15 / 15 - 2.01E+03 --
7782-49-2 SELENIUM 7.30E-01 J 3.77E+01 mg/kg HSV-117 14 / 15 4.1 - 4.1 1.51E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.30E+00 3.71E+01 mg/kg HSJ-562 15 / 15 - 1.15E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.55E+01 J 2.29E+03 mg/kg HSJ-562 15 / 15 - 4.29E+02 --
7440-28-0 THALLIUM 9.70E-01 J 9.20E+00 mg/kg HSJ-562 13 / 15 1.4 - 2.5 3.44E+00 5.10E+00 1.80E+00 5.20E+00 1.77E+00
7440-62-2 VANADIUM 4.00E+00 J 1.08E+02 mg/kg HSJ-562 14 / 15 5.5 - 5.5 3.63E+01 3.90E+02 7.80E+01 1.38E+00
7440-66-6 ZINC 5.74E+01 4.66E+03 mg/kg HSV-117 15 / 15 - 7.07E+02 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 7.10E-02 J 7.10E-02 J mg/kg HS-14 0 / 3 0.34 - 0.35 7.10E-02 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 5.90E-02 J 5.90E-02 J mg/kg HS-14 1 / 3 0.34 - 0.35 5.90E-02 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-38
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER TAILINGS PILE

VOLATILES

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 8.50E-01 J 8.50E-01 J mg/kg HSJ-501 1 / 1 - 8.50E-01 1.30E+05 --
PH PH 7.80E+00 7.80E+00 pH Units HSJ-501 1 / 1 - 7.80E+00
14808-79-8 SULFATE 3.60E+03 3.60E+03 mg/kg HSJ-501 1 / 1 - 3.60E+03 --

METALS
7429-90-5 ALUMINUM 1.80E+04 2.41E+04 mg/kg HSJ-501 4 / 4 - 1.99E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.50E+00 J 1.50E+00 J mg/kg HSJ-501 1 / 3 6.7 - 7 1.50E+00 3.10E+01 --
7440-38-2 ARSENIC 1.24E+01 J 3.39E+01 J mg/kg HSJ-502 4 / 4 - 2.59E+01 3.90E-01 8.69E+01 1.00E+01 3.39E+00
7440-39-3 BARIUM 4.89E+02 J 8.61E+02 mg/kg HSV-107 4 / 4 - 6.61E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 7.00E-01 1.00E+00 mg/kg HSV-107 4 / 4 - 8.40E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 3.20E-02 J 2.80E+00 mg/kg HSJ-501 3 / 4 0.58 - 0.58 1.25E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.44E+04 1.12E+05 mg/kg HSV-117 4 / 4 - 9.01E+04 --
7440-47-3 CHROMIUM 1.62E+01 4.16E+01 mg/kg HSJ-501 4 / 4 - 2.38E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.57E+01 2.07E+01 mg/kg HSV-117 4 / 4 - 1.87E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 9.19E+01 2.42E+02 mg/kg HSV-117 4 / 4 - 1.62E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.97E+04 3.58E+04 mg/kg HSJ-501 4 / 4 - 2.50E+04 5.50E+04 --
7439-92-1 LEAD 1.69E+01 4.19E+01 mg/kg HSJ-502 4 / 4 - 2.69E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 9.78E+03 1.94E+04 mg/kg HSV-107 4 / 4 - 1.34E+04 --
7439-96-5 MANGANESE 1.10E+03 3.29E+03 mg/kg HSV-117 4 / 4 - 1.79E+03 1.80E+03 1.83E+00 3.30E+03
7439-97-6 MERCURY 1.90E-01 1.90E-01 mg/kg HSV-117 1 / 4 0.022 - 0.12 1.90E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 6.18E+01 9.90E+01 mg/kg HSV-107 4 / 4 - 7.48E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.74E+03 2.66E+03 mg/kg HSV-117 4 / 4 - 2.13E+03 --
7782-49-2 SELENIUM 7.20E-01 J 2.00E+00 J mg/kg HSJ-502 4 / 4 - 1.41E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 4.20E-01 J- 2.50E+00 mg/kg HSJ-502 4 / 4 - 1.61E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.93E+02 J 4.73E+02 J mg/kg HSJ-502 4 / 4 - 2.95E+02 --
7440-28-0 THALLIUM 1.10E+00 J 2.80E+00 J mg/kg HSV-117 3 / 4 2.9 - 2.9 1.73E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.75E+01 6.79E+01 mg/kg HSJ-501 4 / 4 - 4.83E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.51E+01 4.01E+02 mg/kg HSJ-501 4 / 4 - 2.06E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-39
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

HUMBOLDT SMELTER TAILINGS PILE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.00E-02 LJ 4.20E-01 J mg/kg IKJ-567 5 / 24 2.4 - 3.3 1.60E-01 1.60E+03
14797-55-8 NITRATE AS N 1.80E+00 1.40E+01 mg/kg GG-5 3 / 3 - 6.60E+00 1.30E+05
PH PH 7.20E+00 7.20E+00 mg/kg IK-D4 1 / 1 - 7.20E+00
14808-79-8 SULFATE 7.80E+01 5.70E+03 mg/kg GG-5 3 / 3 - 2.83E+03

METALS
7429-90-5 ALUMINUM 6.26E+03 2.75E+04 mg/kg GG-4 23 / 23 - 1.69E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.10E-01 J 4.64E+01 J mg/kg IKJ-557 16 / 24 2.6 - 6.8 1.29E+01 3.10E+01 1.50E+00 --
7440-38-2 ARSENIC 1.36E+01 2.80E+03 mg/kg IKJ-557-1 24 / 24 - 7.35E+02 3.90E-01 7.18E+03 1.00E+01 2.80E+02
7440-39-3 BARIUM 3.34E+01 2.97E+02 mg/kg IKJ-562 24 / 24 - 1.12E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 7.70E-02 J 5.70E-01 mg/kg GG-2 13 / 23 0.35 - 0.56 2.77E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.70E-01 J 3.40E+01 J mg/kg IKJ-565 22 / 24 0.5 - 0.53 6.01E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 9.26E+02 3.33E+04 mg/kg IKJ-569 23 / 23 - 9.23E+03 --
7440-47-3 CHROMIUM 3.20E+00 5.14E+01 mg/kg IKJ-516 24 / 24 - 1.50E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 2.90E+00 J 5.82E+01 mg/kg IKJ-560 23 / 23 - 1.59E+01 2.30E+01 2.53E+00 9.00E+02
7440-50-8 COPPER 4.67E+01 8.65E+02 mg/kg IKJ-566 24 / 24 - 2.18E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.14E+04 1.03E+05 mg/kg IKJ-561 24 / 24 - 5.90E+04 5.50E+04 1.87E+00 --
7439-92-1 LEAD 1.51E+01 1.43E+04 mg/kg IKJ-566 24 / 24 - 1.62E+03 4.00E+02 3.58E+01 4.00E+02 3.58E+01
7439-95-4 MAGNESIUM 1.59E+03 2.11E+04 mg/kg GG-4 23 / 23 - 9.06E+03 --
7439-96-5 MANGANESE 8.78E+01 1.18E+03 mg/kg OW-15 24 / 24 - 7.03E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 8.90E-02 J 9.10E+00 mg/kg IKJ-559 22 / 24 0.1 - 0.11 1.90E+00 6.70E+00 1.36E+00 2.30E+01
7440-02-0 NICKEL 1.90E+00 J 4.70E+01 mg/kg IKJ-560 23 / 23 - 1.35E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.40E+02 3.22E+03 mg/kg IKJ-566 22 / 23 545 - 545 1.25E+03 --
7782-49-2 SELENIUM 5.50E-01 J 7.23E+01 J mg/kg IKJ-561 19 / 24 3.5 - 4.6 9.43E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 4.70E-01 J- 4.62E+01 mg/kg IKJ-557-1 21 / 24 0.99 - 1.1 8.87E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.99E+01 J 1.02E+03 mg/kg IKJ-566 23 / 23 - 3.25E+02 --
7440-28-0 THALLIUM 7.40E-01 J 9.50E+00 J mg/kg IKJ-516 15 / 24 1.8 - 3.3 2.83E+00 5.10E+00 1.86E+00 5.20E+00 1.83E+00
7440-62-2 VANADIUM 1.06E+01 1.33E+02 mg/kg IKJ-565 23 / 23 - 7.74E+01 3.90E+02 7.80E+01 1.71E+00
7440-66-6 ZINC 9.45E+01 6.06E+03 mg/kg IKJ-565 23 / 24 6.1 - 6.1 1.42E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-40
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 LJ 6.00E-02 LJ mg/kg IK-D1 1 / 11 2.6 - 3 6.00E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 3.00E+00 3.10E+01 mg/kg BKG-GG-1 3 / 3 - 1.44E+01 1.30E+05 --
PH PH 6.90E+00 6.90E+00 mg/kg IK-D1 1 / 1 - 6.90E+00
14808-79-8 SULFATE 1.10E+01 1.10E+01 mg/kg BKG-GG-1 1 / 3 5.4 - 10 1.10E+01 --

METALS
7429-90-5 ALUMINUM 1.31E+04 2.39E+04 mg/kg BKG-GG-6 10 / 10 - 1.65E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 1.35E+01 3.42E+01 mg/kg BKG-GG-6 11 / 11 - 2.20E+01 3.90E-01 8.77E+01 1.00E+01 3.42E+00
7440-39-3 BARIUM 1.16E+02 2.07E+02 mg/kg BKG-GG-7 11 / 11 - 1.48E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.60E-01 J 7.30E-01 mg/kg BKG-GG-7 6 / 10 0.42 - 0.52 5.73E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.70E-01 LJ 1.70E-01 LJ mg/kg IK-D1 1 / 11 0.51 - 0.6 1.70E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.38E+03 7.20E+03 mg/kg BKG-GG-7 10 / 10 - 5.81E+03 --
7440-47-3 CHROMIUM 1.09E+01 J 2.06E+01 mg/kg IK-D1 11 / 11 - 1.50E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.43E+01 2.74E+01 mg/kg BKG-GG-6 10 / 10 - 2.10E+01 2.30E+01 1.19E+00 9.00E+02
7440-50-8 COPPER 3.37E+01 7.71E+01 mg/kg BKG-GG-6 11 / 11 - 4.76E+01 3.10E+03 3.10E+03
7439-89-6 IRON 3.23E+04 4.95E+04 mg/kg BKG-GG-6 11 / 11 - 3.78E+04 5.50E+04 --
7439-92-1 LEAD 1.10E+01 J 3.29E+01 J mg/kg BKG-GG-6 11 / 11 - 2.05E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.48E+03 1.47E+04 mg/kg BKG-GG-6 10 / 10 - 8.48E+03 --
7439-96-5 MANGANESE 6.64E+02 J 1.31E+03 J mg/kg BKG-GG-6 11 / 11 - 1.01E+03 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.40E-02 J 1.20E-01 mg/kg BKG-GG-6 4 / 11 0.014 - 0.07 6.13E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.04E+01 1.59E+01 mg/kg BKG-GG-7 10 / 10 - 1.32E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 9.47E+02 2.60E+03 mg/kg BKG-GG-10 10 / 10 - 1.73E+03 --
7782-49-2 SELENIUM 3.80E-01 J 1.20E+00 J mg/kg IK-D1 7 / 11 3.6 - 4.2 5.73E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.10E+00 1.60E+00 mg/kg BKG-GG-6 10 / 11 0.24 - 0.24 1.28E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 4.71E+01 J 6.94E+01 J mg/kg BKG-GG-9 10 / 10 - 5.87E+01 --
7440-28-0 THALLIUM 2.60E+00 J 2.70E+00 mg/kg BKG-GG-6 3 / 11 0.77 - 2.6 2.63E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 7.59E+01 1.11E+02 mg/kg BKG-GG-6 10 / 10 - 8.78E+01 3.90E+02 7.80E+01 1.42E+00
7440-66-6 ZINC 6.72E+01 1.84E+02 mg/kg BKG-GG-6 11 / 11 - 1.04E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-41
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 5.50E+00 J 5.50E+00 J µg/L OW-14 1 / 3 1.6 - 10 5.50E+00 5.20E+00 1.06E+00 1.87E+04 1.87E+04

METALS
7429-90-5 ALUMINUM 1.45E+04 1.39E+05 µg/L GG-14 3 / 3 - 9.32E+04 8.70E+01 1.60E+03
7440-36-0 ANTIMONY 1.48E+01 1.48E+01 µg/L OW-14 1 / 3 2 - 2 1.48E+01 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 1.33E+01 J 5.05E+02 µg/L OW-14 3 / 3 - 2.25E+02 1.50E+02 3.37E+00 3.00E+01 1.68E+01 2.80E+02 1.80E+00
7440-39-3 BARIUM 1.82E+02 J 1.79E+03 J µg/L GG-4 3 / 3 - 1.09E+03 4.00E+00 4.48E+02
7440-41-7 BERYLLIUM 1.60E+00 5.30E+00 J µg/L GG-4 3 / 3 - 3.63E+00 5.30E+00 1.00E+00 1.87E+03 1.87E+03
7440-43-9 CADMIUM 2.70E+00 1.17E+02 µg/L OW-14 3 / 3 - 4.57E+01 6.40E-01 1.83E+02 7.00E+02 7.00E+02
7440-70-2 CALCIUM 7.62E+04 1.94E+05 µg/L OW-14 3 / 3 - 1.18E+05
7440-47-3 CHROMIUM 1.06E+01 6.56E+01 µg/L GG-14 3 / 3 - 4.12E+01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 8.33E+01 J 1.01E+02 µg/L GG-14 3 / 3 - 9.51E+01 2.30E+01 4.39E+00
7440-50-8 COPPER 1.48E+02 J 7.12E+02 µg/L GG-14 3 / 3 - 4.83E+02 2.90E+01 2.46E+01
7439-89-6 IRON 3.51E+04 2.59E+05 µg/L GG-14 3 / 3 - 1.71E+05 1.00E+03 2.59E+02
7439-92-1 LEAD 1.29E+02 J- 1.74E+03 J- µg/L OW-14 3 / 3 - 1.06E+03 4.70E+01 3.70E+01
7439-95-4 MAGNESIUM 4.77E+04 6.59E+04 µg/L OW-14 3 / 3 - 5.63E+04
7439-96-5 MANGANESE 5.37E+03 7.38E+03 µg/L OW-14 3 / 3 - 6.12E+03 1.20E+02 6.15E+01 1.31E+05 1.31E+05
7439-97-6 MERCURY 6.00E-01 4.30E+00 µg/L GG-14 3 / 3 - 3.07E+00 7.70E-01 5.58E+00 2.80E+02 2.80E+02
7440-02-0 NICKEL 5.26E+01 J 6.40E+01 µg/L GG-14 3 / 3 - 5.81E+01 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 1.86E+04 2.05E+04 µg/L GG-4 2 / 3 3250 - 3250 1.96E+04
7782-49-2 SELENIUM 5.00E+00 J 1.91E+01 µg/L OW-14 2 / 3 10 - 10 1.21E+01 4.60E+00 4.15E+00 4.67E+03 4.67E+03
7440-22-4 SILVER 8.00E+00 J 8.00E+00 J µg/L GG-14 2 / 3 0.91 - 0.91 8.00E+00 3.49E+01 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.85E+03 J 1.30E+04 J µg/L OW-14 3 / 3 - 7.88E+03
7440-62-2 VANADIUM 2.38E+01 2.36E+02 µg/L GG-14 3 / 3 - 1.45E+02 2.00E+01 1.18E+01
7440-66-6 ZINC 5.54E+02 2.65E+04 µg/L OW-14 3 / 3 - 1.03E+04 3.80E+02 6.97E+01 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-42
SURFACE WATER (TOTAL - UNFILTERED)
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 LJ 1.30E-01 LJ mg/kg IK-D7 3 / 28 2.4 - 3.7 8.90E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 8.50E-01 J 2.00E+00 mg/kg IK-D12 3 / 6 1 - 1.1 1.71E+00 1.30E+05 --
PH PH 3.60E+00 6.10E+00 pH Units IK-D7 2 / 3 - 5.07E+00
14808-79-8 SULFATE 2.10E+01 1.30E+04 mg/kg IK-D7 6 / 6 - 4.08E+03 --

METALS
7429-90-5 ALUMINUM 6.83E+03 2.22E+04 mg/kg CG-5 26 / 26 - 1.32E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.10E-01 J 3.50E+00 mg/kg IK-D7 10 / 39 1.9 - 7.4 1.83E+00 3.10E+01 --
7440-38-2 ARSENIC 1.30E+01 8.88E+02 mg/kg IK-D7 76 / 76 - 1.30E+02 3.90E-01 2.28E+03 1.00E+01 8.88E+01
7440-39-3 BARIUM 5.21E+01 2.44E+02 mg/kg OW-1 28 / 28 - 1.29E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 7.00E-02 J 7.20E-01 J mg/kg CG-5 24 / 39 0.49 - 1 4.24E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.80E-01 J 4.60E+00 mg/kg CG-9 28 / 41 0.52 - 1 1.60E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 9.60E+02 2.87E+04 mg/kg OW-11 26 / 26 - 1.04E+04 --
7440-47-3 CHROMIUM 7.90E+00 2.29E+01 mg/kg CG-9 41 / 41 - 1.40E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 4.70E+00 J 1.78E+01 mg/kg CG-9 26 / 26 - 1.36E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.30E+01 5.20E+02 J mg/kg OS-48 41 / 41 - 6.91E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.59E+04 5.49E+04 mg/kg IK-D7 28 / 28 - 3.18E+04 5.50E+04 --
7439-92-1 LEAD 7.50E+00 2.60E+03 mg/kg S13 60 / 76 5 - 5 1.46E+02 4.00E+02 6.50E+00 4.00E+02 6.50E+00
7439-95-4 MAGNESIUM 3.02E+03 9.48E+03 mg/kg OW-11 26 / 26 - 6.19E+03 --
7439-96-5 MANGANESE 2.24E+02 9.30E+02 mg/kg OW-12 28 / 28 - 6.34E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.50E-02 J 2.60E+01 mg/kg S13 55 / 75 0.043 - 0.11 1.19E+00 6.70E+00 3.88E+00 2.30E+01 1.13E+00
7440-02-0 NICKEL 7.30E+00 J 2.08E+01 mg/kg CG-5 39 / 39 - 1.36E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 6.77E+02 3.27E+03 mg/kg CG-5 26 / 26 - 1.72E+03 --
7782-49-2 SELENIUM 4.10E-01 J 9.10E+00 J mg/kg IK-D7 18 / 41 3.5 - 5.2 2.44E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.20E-01 J- 5.10E+00 J mg/kg IK-D7 23 / 41 0.69 - 5 1.27E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.94E+01 J 5.00E+02 mg/kg IKJ-572 26 / 26 - 1.27E+02 --
7440-28-0 THALLIUM 5.30E-01 J 2.50E+00 J mg/kg IK-D7 10 / 41 0.74 - 5 1.56E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.95E+01 8.07E+01 mg/kg CG-7 26 / 26 - 5.52E+01 3.90E+02 7.80E+01 1.03E+00
7440-66-6 ZINC 3.90E+01 1.66E+03 mg/kg IK-D7 41 / 41 - 3.53E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-43
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 7.00E-02 LJ 7.00E-02 LJ mg/kg IK-D2 1 / 11 2.5 - 2.7 7.00E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 2.20E+00 5.00E+00 mg/kg IK-D2 3 / 3 - 3.67E+00 1.30E+05 --
PH PH 8.30E+00 8.30E+00 mg/kg IK-D2 1 / 1 - 8.30E+00
14808-79-8 SULFATE 3.50E+00 J 6.00E+00 LJ mg/kg IK-D2 2 / 3 5.4 - 5.4 4.75E+00 --

METALS
7429-90-5 ALUMINUM 7.36E+03 1.17E+04 mg/kg BKG-CG-7 10 / 10 - 9.08E+03 7.70E+04 7.60E+04
7440-38-2 ARSENIC 2.28E+01 4.90E+01 mg/kg BKG-CG-7 11 / 11 - 3.29E+01 3.90E-01 1.26E+02 1.00E+01 4.90E+00
7440-39-3 BARIUM 7.64E+01 1.31E+02 mg/kg BKG-CG-10 11 / 11 - 9.55E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 4.90E-01 J mg/kg BKG-CG-7 10 / 10 - 3.45E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.30E-02 J 2.40E-01 J mg/kg BKG-CG-7 9 / 11 0.54 - 0.54 1.37E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 8.93E+03 1.87E+04 mg/kg BKG-CG-3 10 / 10 - 1.26E+04 --
7440-47-3 CHROMIUM 7.40E+00 1.47E+01 mg/kg BKG-CG-7 11 / 11 - 1.19E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 9.30E+00 1.73E+01 mg/kg BKG-CG-7 10 / 10 - 1.26E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.03E+01 4.38E+01 mg/kg BKG-CG-7 11 / 11 - 2.85E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.67E+04 2.39E+04 mg/kg BKG-CG-7 11 / 11 - 2.03E+04 5.50E+04 --
7439-92-1 LEAD 8.80E+00 2.07E+01 mg/kg BKG-CG-7 11 / 11 - 1.43E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.31E+03 6.17E+03 mg/kg BKG-CG-7 10 / 10 - 5.09E+03 --
7439-96-5 MANGANESE 4.34E+02 7.30E+02 mg/kg BKG-CG-7 11 / 11 - 5.66E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.40E-02 J 4.80E-02 J mg/kg BKG-CG-7 6 / 11 0.05 - 0.1 3.20E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 9.10E+00 1.74E+01 mg/kg BKG-CG-7 10 / 10 - 1.29E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.34E+03 J+ 2.19E+03 J+ mg/kg BKG-CG-7 10 / 10 - 1.77E+03 --
7782-49-2 SELENIUM 3.50E-01 J 3.50E-01 J mg/kg BKG-CG-2 1 / 11 0.46 - 3.8 3.50E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.50E-01 J 1.00E+00 J mg/kg BKG-CG-2 11 / 11 - 3.37E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.48E+01 J 5.80E+01 J mg/kg BKG-CG-7 10 / 10 - 4.52E+01 --
7440-28-0 THALLIUM 1.80E+00 J 1.80E+00 J mg/kg BKG-CG-1 2 / 11 0.73 - 2.6 1.80E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.16E+01 4.73E+01 mg/kg BKG-CG-7 10 / 10 - 3.94E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.01E+01 9.30E+01 mg/kg BKG-CG-7 11 / 11 - 6.96E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-44
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 5.50E+00 J 5.50E+00 J µg/L CG-9 1 / 4 10 - 10 5.50E+00 5.20E+00 1.06E+00 1.87E+04 1.87E+04

METALS
7429-90-5 ALUMINUM 7.39E+04 2.81E+05 µg/L CG-7 4 / 4 - 2.10E+05 8.70E+01 3.23E+03
7440-36-0 ANTIMONY 3.70E+00 4.10E+00 µg/L OW-11 2 / 4 2 - 2 3.90E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 1.07E+02 J 2.13E+03 J µg/L CG-9 4 / 4 - 7.12E+02 1.50E+02 1.42E+01 3.00E+01 7.10E+01 2.80E+02 7.61E+00
7440-39-3 BARIUM 5.54E+02 J 3.29E+03 J µg/L CG-7 4 / 4 - 2.42E+03 4.00E+00 8.23E+02
7440-41-7 BERYLLIUM 1.50E+00 1.46E+01 J µg/L CG-7 4 / 4 - 9.08E+00 5.30E+00 2.75E+00 1.87E+03 1.87E+03
7440-43-9 CADMIUM 5.10E+00 8.52E+01 µg/L CG-9 4 / 4 - 2.72E+01 6.40E-01 1.33E+02 7.00E+02 7.00E+02
7440-70-2 CALCIUM 1.00E+05 2.90E+05 µg/L CG-7 4 / 4 - 2.14E+05
7440-47-3 CHROMIUM 3.73E+01 1.03E+02 J µg/L CG-7 4 / 4 - 7.39E+01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 5.66E+01 1.52E+02 J µg/L CG-7 4 / 4 - 1.16E+02 2.30E+01 6.61E+00
7440-50-8 COPPER 2.20E+02 5.93E+02 J µg/L CG-9 4 / 4 - 3.44E+02 2.90E+01 2.04E+01
7439-89-6 IRON 1.31E+05 3.85E+05 µg/L CG-5 4 / 4 - 3.19E+05 1.00E+03 3.85E+02
7439-92-1 LEAD 2.89E+02 J- 1.02E+04 J- µg/L CG-9 4 / 4 - 3.12E+03 4.70E+01 2.17E+02
7439-95-4 MAGNESIUM 4.24E+04 1.17E+05 µg/L CG-7 4 / 4 - 8.95E+04
7439-96-5 MANGANESE 2.95E+03 1.36E+04 µg/L CG-7 4 / 4 - 9.49E+03 1.20E+02 1.13E+02 1.31E+05 1.31E+05
7439-97-6 MERCURY 1.60E+00 8.01E+01 µg/L CG-9 4 / 4 - 2.24E+01 7.70E-01 1.04E+02 2.80E+02 2.80E+02
7440-02-0 NICKEL 4.37E+01 1.60E+02 J µg/L CG-7 4 / 4 - 1.08E+02 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 9.85E+03 4.62E+04 µg/L CG-7 4 / 4 - 3.21E+04
7782-49-2 SELENIUM 5.00E+00 J 2.97E+01 J µg/L CG-9 3 / 4 4.8 - 4.8 1.32E+01 4.60E+00 6.46E+00 4.67E+03 4.67E+03
7440-22-4 SILVER 1.80E+00 J 3.79E+01 J µg/L CG-9 4 / 4 - 1.24E+01 3.49E+01 1.09E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.36E+03 J 9.40E+03 J µg/L OW-11 4 / 4 - 5.10E+03
7440-28-0 THALLIUM 1.30E+00 2.30E+00 µg/L CG-9 3 / 4 0.51 - 0.51 1.67E+00 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 1.18E+02 2.06E+02 J µg/L CG-9 4 / 4 - 1.77E+02 2.00E+01 1.03E+01
7440-66-6 ZINC 1.09E+03 2.67E+04 µg/L CG-9 4 / 4 - 8.15E+03 3.80E+02 7.03E+01 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-45
SURFACE WATER (TOTAL - UNFILTERED)

UPPER CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 4.00E-02 LJ 8.00E-02 LJ mg/kg IK-D13 2 / 9 2.6 - 4.8 6.00E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 5.00E-01 LJ 3.00E+00 mg/kg IK-D13 3 / 3 - 1.38E+00 1.30E+05 --
PH PH 2.90E+00 7.20E+00 mg/kg IK-D10 3 / 3 - 4.93E+00
14808-79-8 SULFATE 1.60E+02 8.80E+03 mg/kg IK-D10 3 / 3 - 4.24E+03 --

METALS
7429-90-5 ALUMINUM 7.83E+03 3.04E+04 mg/kg CG-10 7 / 7 - 1.68E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 LJ 9.70E+00 mg/kg CG-1 4 / 10 4 - 7.3 5.40E+00 3.10E+01 --
7440-38-2 ARSENIC 8.70E+00 4.75E+02 J mg/kg IK-D14 10 / 10 - 2.04E+02 3.90E-01 1.22E+03 1.00E+01 4.75E+01
7440-39-3 BARIUM 6.11E+01 2.56E+02 mg/kg CG-12 10 / 10 - 1.38E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.00E-01 J 9.00E-01 J mg/kg CG-10 7 / 7 - 5.48E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.70E-01 J 5.50E+00 mg/kg CG-10 9 / 10 0.52 - 0.52 2.14E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.11E+03 3.04E+04 J mg/kg OW-16 7 / 7 - 1.72E+04 --
7440-47-3 CHROMIUM 9.20E+00 3.09E+01 mg/kg CG-1 10 / 10 - 1.77E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 9.30E+00 2.42E+01 mg/kg CG-10 7 / 7 - 1.47E+01 2.30E+01 1.05E+00 9.00E+02
7440-50-8 COPPER 2.00E+01 3.88E+02 mg/kg IK-D10 10 / 10 - 7.80E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.48E+04 5.08E+04 mg/kg CG-10 10 / 10 - 3.00E+04 5.50E+04 --
7439-92-1 LEAD 1.46E+01 5.22E+02 mg/kg CG-1 10 / 10 - 2.41E+02 4.00E+02 1.31E+00 4.00E+02 1.31E+00
7439-95-4 MAGNESIUM 4.21E+03 1.05E+04 mg/kg CG-11 7 / 7 - 7.42E+03 --
7439-96-5 MANGANESE 2.43E+02 1.10E+03 mg/kg CG-10 10 / 10 - 5.66E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.40E-02 J 2.90E+00 mg/kg IK-D14 10 / 10 - 8.70E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.08E+01 3.26E+01 mg/kg CG-12 7 / 7 - 2.13E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 9.97E+02 3.68E+03 mg/kg CG-10 7 / 7 - 2.06E+03 --
7782-49-2 SELENIUM 5.70E-01 J 5.80E+00 mg/kg IK-D14 6 / 10 3.7 - 6.8 2.65E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 8.30E-01 J- 3.30E+00 mg/kg IK-D14 8 / 10 0.73 - 0.9 1.82E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 4.78E+01 J 2.01E+02 J mg/kg CG-11 6 / 7 166 - 303 1.17E+02 --
7440-28-0 THALLIUM 1.50E+00 LJ 1.50E+00 LJ mg/kg IK-D14 0 / 10 0.72 - 4.8 1.50E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.33E+01 9.07E+01 mg/kg CG-10 7 / 7 - 5.30E+01 3.90E+02 7.80E+01 1.16E+00
7440-66-6 ZINC 5.66E+01 9.35E+02 mg/kg CG-10 10 / 10 - 4.72E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-46
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

MIDDLE CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7429-90-5 ALUMINUM 3.15E+04 4.14E+05 µg/L CG-10 4 / 4 - 1.34E+05 8.70E+01 4.76E+03
7440-36-0 ANTIMONY 2.70E+00 8.40E+00 µg/L CG-11 2 / 4 2 - 2 5.03E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 8.54E+01 1.11E+03 µg/L CG-11 4 / 4 - 4.33E+02 1.50E+02 7.40E+00 3.00E+01 3.70E+01 2.80E+02 3.96E+00
7440-39-3 BARIUM 3.00E+02 J 3.70E+03 J µg/L CG-10 4 / 4 - 1.17E+03 4.00E+00 9.25E+02
7440-41-7 BERYLLIUM 1.20E+00 1.52E+01 J µg/L CG-10 4 / 4 0.96 - 0.96 5.03E+00 5.30E+00 2.87E+00 1.87E+03 1.87E+03
7440-43-9 CADMIUM 2.20E+00 3.98E+01 µg/L CG-10 4 / 4 - 1.53E+01 6.40E-01 6.22E+01 7.00E+02 7.00E+02
7440-70-2 CALCIUM 3.77E+04 2.55E+05 µg/L CG-10 4 / 4 - 1.20E+05
7440-47-3 CHROMIUM 2.47E+01 9.70E+01 J µg/L CG-10 4 / 4 - 4.91E+01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 1.83E+01 1.45E+02 J µg/L CG-10 4 / 4 - 7.00E+01 2.30E+01 6.30E+00
7440-50-8 COPPER 9.94E+01 5.23E+02 µg/L CG-11 4 / 4 - 2.63E+02 2.90E+01 1.80E+01
7439-89-6 IRON 3.88E+04 5.94E+05 µg/L CG-10 4 / 4 - 2.14E+05 1.00E+03 5.94E+02
7439-92-1 LEAD 3.51E+02 J- 4.71E+03 J- µg/L CG-11 4 / 4 - 2.07E+03 4.70E+01 1.00E+02
7439-95-4 MAGNESIUM 1.72E+04 1.44E+05 µg/L CG-10 4 / 4 - 5.88E+04
7439-96-5 MANGANESE 9.40E+02 1.54E+04 µg/L CG-10 4 / 4 - 5.02E+03 1.20E+02 1.28E+02 1.31E+05 1.31E+05
7439-97-6 MERCURY 1.50E+00 2.03E+01 µg/L CG-11 4 / 4 - 9.32E+00 7.70E-01 2.64E+01 2.80E+02 2.80E+02
7440-02-0 NICKEL 2.82E+01 1.40E+02 J µg/L CG-10 4 / 4 - 6.56E+01 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 6.89E+03 5.97E+04 µg/L CG-10 4 / 4 4750 - 4750 2.22E+04
7782-49-2 SELENIUM 5.10E+00 1.35E+01 µg/L CG-11 3 / 4 1.9 - 2.6 8.20E+00 4.60E+00 2.93E+00 4.67E+03 4.67E+03
7440-22-4 SILVER 2.00E+00 J 2.29E+01 J µg/L CG-11 4 / 4 - 9.64E+00 3.49E+01 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.92E+03 J 1.87E+04 J µg/L CG-11 4 / 4 - 1.07E+04
7440-28-0 THALLIUM 1.10E+00 1.70E+00 µg/L CG-10 2 / 4 0.19 - 0.43 1.40E+00 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 5.76E+01 2.05E+02 J µg/L CG-10 4 / 4 - 1.24E+02 2.00E+01 1.03E+01
7440-66-6 ZINC 6.36E+02 9.91E+03 µg/L CG-10 4 / 4 - 4.64E+03 3.80E+02 2.61E+01 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-47
SURFACE WATER (TOTAL - UNFILTERED)

MIDDLE CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.60E-01 J 8.00E-01 J- mg/kg HSJ-584 8 / 27 2.5 - 4.3 3.66E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 2.00E+01 2.00E+01 mg/kg HS-16 1 / 3 1.2 - 1.4 2.00E+01 1.30E+05 --
PH PH 3.80E+00 3.80E+00 pH Units HSJ-534 1 / 1 - 3.80E+00
14808-79-8 SULFATE 4.10E+02 7.40E+04 mg/kg HSJ-584 8 / 8 - 2.40E+04 --

METALS
7429-90-5 ALUMINUM 2.72E+03 2.68E+04 mg/kg HSV-101 27 / 27 - 1.18E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.30E-01 J 2.46E+01 J mg/kg HSJ-534 16 / 27 2.5 - 10.3 5.81E+00 3.10E+01 --
7440-38-2 ARSENIC 1.04E+01 J 1.43E+03 mg/kg HSJ-548 27 / 27 - 3.70E+02 3.90E-01 3.67E+03 1.00E+01 1.43E+02
7440-39-3 BARIUM 2.09E+01 7.56E+02 mg/kg HSV-101 27 / 27 - 1.39E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.20E-01 J 7.90E-01 mg/kg HSV-115 17 / 27 0.044 - 0.63 4.13E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.20E-01 1.09E+01 mg/kg HSJ-582 24 / 27 0.55 - 1.4 3.95E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.47E+03 3.43E+04 J mg/kg HSV-113 27 / 27 - 1.26E+04 --
16887-00-6 CHLORIDE 1.00E+01 J 1.00E+01 J mg/kg HS-16 1 / 1 - 1.00E+01 --
7440-47-3 CHROMIUM 8.10E-01 J 8.33E+01 mg/kg HS-16 27 / 27 - 1.77E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.50E+00 J 3.55E+01 mg/kg HSJ-584 25 / 27 5.1 - 5.6 1.34E+01 2.30E+01 1.54E+00 9.00E+02
7440-50-8 COPPER 3.56E+01 1.56E+03 J mg/kg HSJ-584 27 / 27 - 6.28E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.68E+04 8.86E+04 mg/kg HS-16 27 / 27 - 4.21E+04 5.50E+04 1.61E+00 --
7439-92-1 LEAD 1.31E+01 2.46E+03 J mg/kg HSJ-534 27 / 27 - 4.54E+02 4.00E+02 6.15E+00 4.00E+02 6.15E+00
7439-95-4 MAGNESIUM 8.64E+02 2.06E+04 mg/kg HSV-102 27 / 27 - 5.91E+03 --
7439-96-5 MANGANESE 6.80E+00 J 1.31E+03 J mg/kg HSJ-584 27 / 27 - 3.86E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.80E-02 J 1.95E+01 mg/kg HSJ-548 26 / 27 0.12 - 0.12 2.77E+00 6.70E+00 2.91E+00 2.30E+01
7440-02-0 NICKEL 1.10E+00 J 1.12E+02 mg/kg HSV-102 27 / 27 - 1.81E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.33E+02 4.50E+03 mg/kg HSJ-583 27 / 27 - 2.26E+03 --
7782-49-2 SELENIUM 3.20E-01 J 3.10E+01 J mg/kg HSJ-534 24 / 27 1.8 - 10 8.44E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 7.90E-01 J 2.02E+01 mg/kg HSJ-583 26 / 27 1.1 - 1.1 5.64E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 4.21E+01 J 4.11E+03 mg/kg HSV-101 26 / 27 167 - 167 5.70E+02 --
7440-28-0 THALLIUM 4.90E-01 J 6.80E+00 mg/kg HSJ-583 19 / 27 0.83 - 3.5 3.30E+00 5.10E+00 1.33E+00 5.20E+00 1.31E+00
7440-62-2 VANADIUM 6.00E-01 J 7.24E+01 mg/kg HSV-102 26 / 27 5.4 - 5.4 3.90E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.59E+01 4.10E+03 mg/kg HSJ-582 27 / 27 - 1.28E+03 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 8.70E-02 J 8.70E-02 J mg/kg HS-16 1 / 1 - 8.70E-02 7.80E+03 --

35822-46-9 1,2,3,4,6,7,8-HPCDD 3.80E+00 1.90E+01 pg/g HSV-104 4 / 5 0.29 - 0.29 9.28E+00 --
67562-39-4 1,2,3,4,6,7,8-HPCDF 3.30E+00 4.50E+00 pg/g HSV-113 2 / 5 0.17 - 1.6 3.80E+00 --
3268-87-9 OCDD 6.80E+01 3.90E+02 pg/g HSV-104 4 / 5 2.1 - 2.1 1.96E+02 1.50E-02 2.60E+04 --
39001-02-0 OCDF 1.10E+01 1.10E+01 pg/g HSV-113 1 / 5 0.2 - 6.1 1.10E+01 1.20E-02 9.17E+02 --
37871-00-4 TOTAL HPCDD 9.00E+00 4.70E+01 pg/g HSV-104 4 / 5 0.29 - 0.29 2.22E+01 --
38998-75-3 TOTAL HPCDF 3.60E+00 7.70E+00 pg/g HSV-104 2 / 5 0.2 - 1.6 5.27E+00 --
34465-46-8 TOTAL HXCDD 3.10E+00 3.10E+00 pg/g HSV-104 1 / 5 0.15 - 1.8 3.10E+00 --
55722-27-5 TOTAL TCDF 7.20E-01 7.20E-01 pg/g HSV-104 1 / 5 0.19 - 1.1 7.20E-01 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-48
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

LOWER CHAPARRAL GULCH

VOLATILES

DIOXINS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.30E-01 J 1.00E+01 mg/kg HSJ-548 3 / 12 0.16 - 3.5 4.18E+00 1.60E+03 1.20E+03
14808-79-8 SULFATE 1.20E+03 3.20E+03 mg/kg CG-22 2 / 2 - 2.20E+03 --

METALS
7429-90-5 ALUMINUM 6.16E+03 2.10E+04 mg/kg CG-22 12 / 12 - 1.34E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 9.60E-01 J 7.96E+01 J mg/kg HSJ-535 9 / 12 6.3 - 7.7 2.46E+01 3.10E+01 2.57E+00 --
7440-38-2 ARSENIC 7.80E+00 J 2.52E+03 J mg/kg HSJ-535 12 / 12 - 7.27E+02 3.90E-01 6.46E+03 1.00E+01 2.52E+02
7440-39-3 BARIUM 3.11E+01 1.87E+02 mg/kg CG-22 11 / 12 15.1 - 15.1 1.23E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.60E-01 J 8.70E-01 mg/kg HSJ-534 8 / 12 0.11 - 0.63 4.95E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.70E-01 J 5.97E+01 mg/kg HSJ-535 11 / 12 0.58 - 0.58 1.19E+01 7.00E+01 3.90E+01 1.53E+00
7440-70-2 CALCIUM 4.79E+03 2.82E+04 J mg/kg HSJ-535 11 / 12 414 - 414 1.22E+04 --
7440-47-3 CHROMIUM 1.50E+00 5.07E+01 mg/kg HSV-101 12 / 12 - 1.81E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.14E+01 4.55E+01 mg/kg HSV-114 12 / 12 - 2.19E+01 2.30E+01 1.98E+00 9.00E+02
7440-50-8 COPPER 3.38E+01 7.90E+03 mg/kg HSJ-548 12 / 12 - 1.84E+03 3.10E+03 2.55E+00 3.10E+03 2.55E+00
7439-89-6 IRON 2.29E+04 9.52E+04 mg/kg HSJ-535 12 / 12 - 5.10E+04 5.50E+04 1.73E+00 --
7439-92-1 LEAD 1.45E+01 J 3.66E+03 J mg/kg HSJ-535 12 / 12 - 9.14E+02 4.00E+02 9.15E+00 4.00E+02 9.15E+00
7439-95-4 MAGNESIUM 4.14E+03 1.54E+04 J mg/kg HSV-113 12 / 12 - 7.71E+03 --
7439-96-5 MANGANESE 3.25E+01 1.34E+03 mg/kg HSV-113 12 / 12 - 5.16E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.40E-01 1.14E+01 mg/kg HSJ-535 10 / 12 0.042 - 0.12 2.45E+00 6.70E+00 1.70E+00 2.30E+01
7440-02-0 NICKEL 2.60E+00 J 6.25E+01 mg/kg HSV-101 12 / 12 - 2.41E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.10E+03 J+ 2.97E+03 mg/kg CG-22 12 / 12 - 1.86E+03 --
7782-49-2 SELENIUM 9.10E-01 J 4.09E+01 J mg/kg HSJ-535 12 / 12 - 1.78E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.70E+00 3.22E+01 J- mg/kg HSJ-535 11 / 12 1.3 - 1.3 1.30E+01 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.60E+01 J 4.17E+02 J mg/kg HSV-101 12 / 12 - 1.93E+02 --
7440-28-0 THALLIUM 2.00E+00 J 9.90E+00 J mg/kg HSJ-535 10 / 12 0.55 - 3.1 5.41E+00 5.10E+00 1.94E+00 5.20E+00 1.90E+00
7440-62-2 VANADIUM 1.39E+01 6.97E+01 mg/kg HSV-101 11 / 12 3.3 - 3.3 4.24E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.60E+01 J 1.55E+04 J mg/kg HSJ-535 12 / 12 - 3.04E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-49
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

LOWER CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.02E+04 2.94E+04 mg/kg HSJ-535 4 / 4 - 1.65E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.20E-01 J 2.70E+00 J mg/kg HSJ-550 4 / 4 - 1.61E+00 3.10E+01 --
7440-38-2 ARSENIC 1.11E+01 J 3.72E+02 mg/kg HSJ-550 4 / 4 - 1.14E+02 3.90E-01 9.54E+02 1.00E+01 3.72E+01
7440-39-3 BARIUM 2.78E+01 1.46E+02 mg/kg HSJ-550 4 / 4 - 8.38E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.50E-02 J 2.80E-01 J mg/kg HSJ-536 3 / 4 0.45 - 0.45 1.52E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.30E-01 J 9.80E+00 mg/kg HSJ-550 4 / 4 - 2.96E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.39E+03 J 6.25E+04 J mg/kg HSJ-535 4 / 4 - 2.55E+04 --
7440-47-3 CHROMIUM 1.52E+01 5.49E+01 mg/kg HSJ-534 4 / 4 - 3.29E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.19E+01 3.08E+01 mg/kg HSJ-535 4 / 4 - 2.24E+01 2.30E+01 1.34E+00 9.00E+02
7440-50-8 COPPER 7.84E+01 8.12E+02 mg/kg HSJ-550 4 / 4 - 3.37E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.64E+04 5.67E+04 mg/kg HSJ-535 4 / 4 - 3.60E+04 5.50E+04 1.03E+00 --
7439-92-1 LEAD 4.40E+00 J 6.92E+02 mg/kg HSJ-550 4 / 4 - 1.88E+02 4.00E+02 1.73E+00 4.00E+02 1.73E+00
7439-95-4 MAGNESIUM 5.62E+03 J 2.51E+04 J mg/kg HSJ-535 4 / 4 - 1.23E+04 --
7439-96-5 MANGANESE 2.08E+02 9.47E+02 mg/kg HSJ-535 4 / 4 - 5.17E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 7.00E-02 J 2.00E+00 mg/kg HSJ-550 2 / 4 0.1 - 0.11 1.04E+00 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.95E+01 4.69E+01 mg/kg HSJ-534 4 / 4 - 3.38E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 6.18E+01 J+ 1.92E+03 mg/kg HSJ-550 4 / 4 - 9.62E+02 --
7782-49-2 SELENIUM 1.10E+00 J 1.89E+01 J mg/kg HSJ-550 4 / 4 - 6.98E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 6.20E-01 J- 5.70E+00 mg/kg HSJ-550 2 / 4 1.1 - 1.2 3.16E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.66E+01 J 1.69E+02 J mg/kg HSJ-535 4 / 4 - 1.28E+02 --
7440-28-0 THALLIUM 5.00E-01 J 2.20E+00 J mg/kg HSJ-535 2 / 4 2.8 - 3.2 1.35E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.04E+01 1.35E+02 mg/kg HSJ-535 4 / 4 - 6.49E+01 3.90E+02 7.80E+01 1.73E+00
7440-66-6 ZINC 3.73E+01 J 2.37E+03 mg/kg HSJ-550 4 / 4 - 6.73E+02 2.30E+04 2.30E+04

Notes:
EPA = Environmental Protection Agency.
ADEQ = Arizona Department of Environmental Qulaity.
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-50
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN DEEP SOIL (GREATER THAN 10 FEET BELOW GROUND SURFACE)

LOWER CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
16887-00-6 CHLORIDE 3.10E+04 5.20E+04 µg/L CG-22 3 / 3 - 4.07E+04 2.30E+05
57-12-5 CYANIDE (TOTAL) 1.00E+00 J 3.40E+00 J µg/L CG-22 3 / 5 10 - 10 2.13E+00 5.20E+00 1.87E+04 1.87E+04
14797-55-8 NITRATE AS N 6.00E+01 J 6.00E+01 J µg/L CG-25 1 / 3 100 - 100 6.00E+01 3.73E+06 3.73E+06
14808-79-8 SULFATE 1.10E+06 2.10E+06 µg/L CG-22 3 / 3 - 1.43E+06
TDS TOTAL DISSOLVED SOLIDS 1.70E+06 3.30E+06 µg/L CG-22 3 / 3 - 2.27E+06

METALS
7429-90-5 ALUMINUM 9.07E+02 6.01E+04 µg/L CG-14 5 / 5 - 1.53E+04 8.70E+01 6.91E+02
7440-36-0 ANTIMONY 3.60E+00 3.60E+00 µg/L CG-22 1 / 5 0.78 - 2 3.60E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 8.60E+00 3.08E+02 µg/L CG-14 5 / 5 - 1.03E+02 1.50E+02 2.05E+00 3.00E+01 1.03E+01 2.80E+02 1.10E+00
7440-39-3 BARIUM 6.00E+00 J 1.67E+02 J µg/L CG-17 5 / 5 - 6.43E+01 4.00E+00 4.18E+01
7440-41-7 BERYLLIUM 1.40E-01 J 5.10E+00 µg/L CG-14 4 / 5 0.2 - 0.2 1.59E+00 5.30E+00 1.87E+03 1.87E+03
24959-67-9 BROMIDE 2.40E+02 3.60E+02 µg/L CG-22 3 / 3 - 2.83E+02
7440-43-9 CADMIUM 9.70E+00 3.18E+02 µg/L CG-14 5 / 5 - 8.65E+01 6.40E-01 4.97E+02 7.00E+02 7.00E+02
7440-70-2 CALCIUM 3.03E+05 6.61E+05 µg/L CG-17 5 / 5 - 5.02E+05
7440-47-3 CHROMIUM 7.90E-01 J 3.19E+01 µg/L CG-14 3 / 5 1.2 - 2 1.27E+01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 5.66E+01 4.16E+02 µg/L CG-14 5 / 5 - 1.38E+02 2.30E+01 1.81E+01
7440-50-8 COPPER 3.24E+02 1.47E+04 µg/L CG-14 5 / 5 - 3.75E+03 2.90E+01 5.07E+02
16984-48-8 FLUORIDE 1.80E+02 5.70E+02 µg/L CG-25 3 / 3 - 4.17E+02
7439-89-6 IRON 4.74E+02 4.95E+05 J µg/L CG-14 5 / 5 - 1.13E+05 1.00E+03 4.95E+02
7439-92-1 LEAD 1.80E+00 J- 1.25E+02 µg/L CG-22 5 / 5 - 2.68E+01 4.70E+01 2.66E+00
7439-95-4 MAGNESIUM 7.41E+04 3.22E+05 µg/L CG-14 5 / 5 - 1.56E+05
7439-96-5 MANGANESE 4.15E+03 2.89E+04 µg/L CG-14 5 / 5 - 1.32E+04 1.20E+02 2.41E+02 1.31E+05 1.31E+05
7439-97-6 MERCURY 1.10E-01 J 1.20E+00 µg/L CG-14 5 / 5 - 4.52E-01 7.70E-01 1.56E+00 2.80E+02 2.80E+02
7440-02-0 NICKEL 2.74E+01 2.16E+02 µg/L CG-14 5 / 5 - 7.59E+01 1.68E+02 1.29E+00 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 2.44E+03 J 1.58E+04 µg/L CG-22 5 / 5 - 6.62E+03
7782-49-2 SELENIUM 2.40E+00 J 1.50E+01 µg/L CG-14 4 / 5 4.6 - 4.6 9.70E+00 4.60E+00 3.26E+00 4.67E+03 4.67E+03
7440-22-4 SILVER 5.90E-02 J 2.00E+00 µg/L CG-22 3 / 5 1 - 1 9.43E-01 3.49E+01 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.34E+04 J 7.10E+04 µg/L CG-22 5 / 5 - 4.28E+04
7440-28-0 THALLIUM 1.40E-01 J 6.20E-01 J µg/L CG-22 2 / 5 1 - 1 3.80E-01 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 3.60E-01 J 2.92E+01 µg/L CG-14 5 / 5 - 8.89E+00 2.00E+01 1.46E+00
7440-66-6 ZINC 1.85E+03 1.68E+05 J µg/L CG-14 5 / 5 - 4.03E+04 3.80E+02 4.42E+02 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-51
SURFACE WATER (TOTAL - UNFILTERED)

LOWER CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection 

Limits

Average 
Detected 

Concentration

Ecological 
Surface Water 

TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7429-90-5 ALUMINUM 6.47E+01 J 6.05E+04 µg/L CG-14 2 / 4 200 - 222 3.03E+04 8.70E+01 6.95E+02
7440-38-2 ARSENIC 7.40E+00 2.65E+02 µg/L CG-14 4 / 4 - 7.88E+01 1.50E+02 1.77E+00 3.00E+01 8.83E+00 2.80E+02
7440-39-3 BARIUM 5.40E+00 J 3.24E+01 µg/L CG-16 4 / 4 - 2.20E+01 4.00E+00 8.10E+00
7440-41-7 BERYLLIUM 2.40E-02 J 5.00E+00 µg/L CG-14 2 / 4 1 - 1 2.51E+00 5.30E+00 1.87E+03 1.87E+03
7440-43-9 CADMIUM 8.40E+00 3.15E+02 µg/L CG-14 4 / 4 - 9.43E+01 6.40E-01 4.92E+02 7.00E+02 7.00E+02
7440-70-2 CALCIUM 3.03E+05 5.83E+05 µg/L CG-22 4 / 4 - 4.56E+05
7440-47-3 CHROMIUM 6.00E-02 J 3.11E+01 µg/L CG-14 3 / 4 2 - 2 1.04E+01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 5.80E+01 4.12E+02 µg/L CG-14 4 / 4 - 1.55E+02 2.30E+01 1.79E+01
7440-50-8 COPPER 5.20E+01 1.46E+04 µg/L CG-14 4 / 4 - 3.69E+03 2.90E+01 5.03E+02
7439-89-6 IRON 7.17E+02 4.99E+05 µg/L CG-14 4 / 4 - 1.29E+05 1.00E+03 4.99E+02
7439-92-1 LEAD 3.50E-02 J 7.10E-01 J µg/L CG-14 3 / 4 1 - 1 3.08E-01 4.70E+01
7439-95-4 MAGNESIUM 7.39E+04 3.24E+05 µg/L CG-14 4 / 4 - 1.64E+05
7439-96-5 MANGANESE 5.02E+03 2.98E+04 µg/L CG-14 4 / 4 - 1.55E+04 1.20E+02 2.48E+02 1.31E+05 1.31E+05
7439-97-6 MERCURY 6.80E-02 J 2.30E-01 µg/L CG-14 2 / 4 0.06 - 0.2 1.49E-01 7.70E-01 2.80E+02 2.80E+02
7440-02-0 NICKEL 2.74E+01 2.12E+02 µg/L CG-14 4 / 4 - 7.67E+01 1.68E+02 1.26E+00 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 1.76E+03 J 1.28E+04 µg/L CG-22 4 / 4 - 5.48E+03
7782-49-2 SELENIUM 3.30E+00 J 1.28E+01 µg/L CG-14 2 / 4 2.9 - 5 8.05E+00 4.60E+00 2.78E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.50E+04 6.57E+04 µg/L CG-22 4 / 4 - 4.41E+04
7440-28-0 THALLIUM 1.30E-01 J 2.80E-01 J µg/L CG-22 2 / 4 1 - 1 2.05E-01 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 1.80E-02 J 2.67E+01 µg/L CG-14 3 / 4 5 - 5 8.96E+00 2.00E+01 1.34E+00
7440-66-6 ZINC 1.59E+03 1.62E+05 µg/L CG-14 4 / 4 - 4.58E+04 3.80E+02 4.26E+02 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.

J = The analyte was positively identified; the quantitation is estimated.
TRV = Toxicity reference value.
FBC = Full body contact.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-52
SURFACE WATER (DISSOLVED - FILTERED)

LOWER CHAPARRAL GULCH
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.20E+00 J 1.20E+00 J mg/kg HS-38 1 / 8 3 - 4.1 1.20E+00 1.60E+03
14808-79-8 SULFATE 5.80E+02 8.30E+03 mg/kg HS-38 2 / 2 - 4.44E+03

METALS
7429-90-5 ALUMINUM 2.19E+03 1.83E+04 mg/kg CG-18 8 / 8 - 1.01E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.70E+00 J 1.00E+01 mg/kg CG-18 6 / 8 6.5 - 93.8 3.17E+00 3.10E+01 --
7440-38-2 ARSENIC 1.35E+02 2.32E+03 mg/kg HS-38 8 / 8 - 4.25E+02 3.90E-01 5.95E+03 1.00E+01 2.32E+02
7440-39-3 BARIUM 4.67E+01 1.78E+02 mg/kg CG-18 8 / 8 - 1.02E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 8.00E-02 J 8.60E-01 mg/kg CG-20 8 / 8 - 3.71E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.50E+00 J 9.30E+00 mg/kg CG-18 8 / 8 - 4.77E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.15E+03 2.28E+04 mg/kg HS-38 8 / 8 - 6.77E+03 --
16887-00-6 CHLORIDE 1.80E+02 1.80E+02 mg/kg HS-38 1 / 1 - 1.80E+02 --
7440-47-3 CHROMIUM 3.50E+00 J 2.61E+01 mg/kg CG-18 8 / 8 - 1.22E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.20E+00 J 2.57E+01 mg/kg CG-23 8 / 8 - 1.61E+01 2.30E+01 1.12E+00 9.00E+02
7440-50-8 COPPER 1.06E+02 2.26E+03 mg/kg CG-20 8 / 8 - 7.48E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.11E+04 4.56E+05 mg/kg HS-38 8 / 8 - 7.78E+04 5.50E+04 8.29E+00 --
7439-92-1 LEAD 8.91E+01 3.70E+02 mg/kg CG-18 8 / 8 - 2.07E+02 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 1.63E+03 J 7.18E+03 mg/kg CG-18 8 / 8 - 4.44E+03 --
7439-96-5 MANGANESE 1.80E+02 J 1.69E+03 mg/kg CG-23 8 / 8 - 7.06E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.80E-01 1.20E+00 mg/kg CG-18 8 / 8 - 6.58E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 3.70E+00 J 2.57E+01 mg/kg CG-18 8 / 8 - 1.39E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 4.16E+02 J 2.50E+03 mg/kg CG-18 8 / 8 - 1.39E+03 --
7782-49-2 SELENIUM 6.90E-01 J 5.90E+00 mg/kg CG-18 6 / 8 3.4 - 54.7 3.54E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 8.50E-01 J 3.60E+00 J- mg/kg CG-18 7 / 8 15.6 - 15.6 2.06E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.03E+01 J 3.65E+02 J mg/kg HS-38 6 / 8 164 - 215 1.68E+02 --
7440-62-2 VANADIUM 1.22E+01 J 7.13E+01 mg/kg CG-18 8 / 8 - 3.62E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 8.34E+02 2.24E+03 J mg/kg CG-20 8 / 8 - 1.47E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-53
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

LOWER CHAPARRAL GULCH DAM - CONFLUENCE



Page 1 of 1

CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
16887-00-6 CHLORIDE 3.40E+04 4.00E+04 ug/L HS-38 2 / 2  - 3.70E+04 2.30E+05
57-12-5 CYANIDE (TOTAL) 1.30E+00 J 2.20E+00 J ug/L HS-38 3 / 8 10 - 10 1.67E+00 5.20E+00 1.87E+04 1.87E+04
14808-79-8 SULFATE 1.00E+06 1.20E+06 ug/L DE-2 3 / 3  - 1.10E+06

METALS
7429-90-5 ALUMINUM 2.29E+02   2.73E+03 ug/L CG-18 8 / 8  - 1.25E+03 8.70E+01 3.14E+01
7440-36-0 ANTIMONY 2.00E+00 2.00E+00 ug/L CG-23 1 / 8 0.39 - 60 2.00E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 1.99E+01 J 2.14E+02   ug/L HS-38 8 / 8  - 7.00E+01 1.50E+02 1.43E+00 3.00E+01 7.13E+00 2.80E+02
7440-39-3 BARIUM 2.16E+01 J 7.54E+01 J ug/L DE-1 8 / 8  - 4.08E+01 4.00E+00 1.89E+01
7440-41-7 BERYLLIUM 1.30E-01 J 1.30E-01 J ug/L CG-23 1 / 8 0.19 - 5 1.30E-01 5.30E+00 1.87E+03 1.87E+03
24959-67-9 BROMIDE 2.70E+02 2.70E+02 ug/L DE-2 2 / 2  - 2.70E+02
7440-43-9 CADMIUM 1.12E+01 J 6.82E+01 ug/L DE-1 7 / 8 5 - 5 3.07E+01 6.40E-01 1.07E+02 7.00E+02 7.00E+02
7440-70-2 CALCIUM 3.19E+05 4.12E+05 ug/L DE-1 8 / 8  - 3.67E+05
7440-47-3 CHROMIUM 3.10E-01 J 6.50E+00 ug/L CG-18 5 / 8 1.7 - 1.8 3.06E+00 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 2.43E+01 1.42E+02 ug/L DE-1 8 / 8  - 7.10E+01 2.30E+01 6.17E+00
7440-50-8 COPPER 6.10E+00 J 1.24E+03 ug/L DE-1 8 / 8  - 4.44E+02 2.90E+01 4.28E+01
16984-48-8 FLUORIDE 3.90E+02 5.60E+02 ug/L DE-2 2 / 2  - 4.75E+02
7439-89-6 IRON 2.38E+03 J 4.60E+04   ug/L HS-38 8 / 8  - 1.40E+04 1.00E+03 4.60E+01
7439-92-1 LEAD 1.70E+00 J 5.80E+01 J ug/L CG-19 7 / 8 10 - 10 1.21E+01 4.70E+01 1.23E+00
7439-95-4 MAGNESIUM 7.66E+04 8.80E+04 ug/L CG-21 8 / 8  - 8.36E+04
7439-96-5 MANGANESE 3.57E+03 1.02E+04 ug/L CG-21 8 / 8  - 8.16E+03 1.20E+02 8.50E+01 1.31E+05 1.31E+05
7439-97-6 MERCURY 2.10E-01 3.30E-01 ug/L CG-19 3 / 8 0.2 - 0.2 2.90E-01 7.70E-01 2.80E+02 2.80E+02
7440-02-0 NICKEL 3.50E+00 J 5.96E+01 ug/L DE-1 8 / 8  - 3.59E+01 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 3.60E+03 6.83E+03   ug/L HS-38 7 / 8 4900 - 4900 4.70E+03
7782-49-2 SELENIUM 6.30E+00 6.50E+00 ug/L CG-18 2 / 8 1.5 - 35 6.40E+00 4.60E+00 1.41E+00 4.67E+03 4.67E+03
7440-22-4 SILVER 2.00E-02 J 2.00E-02 J ug/L CG-23 1 / 8 0.074 - 10 2.00E-02 3.49E+01 4.67E+03 4.67E+03
7440-23-5 SODIUM 3.71E+04 4.51E+04   ug/L HS-38 8 / 8  - 4.05E+04
7440-28-0 THALLIUM 7.50E-02 J 1.14E+01 J ug/L HS-38 2 / 8 1 - 1 5.74E+00 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 2.70E-01 J 5.70E+00 ug/L CG-19 4 / 8 0.48 - 50 2.87E+00 2.00E+01
7440-66-6 ZINC 4.96E+02   2.22E+04 ug/L DE-1 8 / 8  - 9.01E+03 3.80E+02 5.84E+01 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
SW = Surface Water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-54
SURFACE WATER (TOTAL - UNFILTERED)

LOWER CHAPARRAL GULCH DAM - CONFLUENCE



Page 1 of 1

CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7440-36-0 ANTIMONY 2.00E+00 2.00E+00 µg/L CG-23 1 / 5 0.38 - 0.74 2.00E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 3.50E+00 2.74E+01 µg/L CG-19 5 / 5 - 1.27E+01 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 2.31E+01 J 3.49E+01 µg/L DE-2 5 / 5 - 2.89E+01 4.00E+00 8.73E+00
7440-43-9 CADMIUM 6.00E+00 J 3.87E+01 µg/L DE-2 5 / 5 - 1.80E+01 6.40E-01 6.05E+01 7.00E+02 7.00E+02
7440-70-2 CALCIUM 3.23E+05 3.72E+05 µg/L CG-23 5 / 5 - 3.53E+05
7440-47-3 CHROMIUM 1.50E-01 J 3.60E-01 J µg/L CG-21 5 / 5 - 3.03E-01 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 2.53E+01 1.03E+02 µg/L DE-2 5 / 5 - 6.21E+01 2.30E+01 4.48E+00
7440-50-8 COPPER 1.19E+01 3.66E+01 µg/L CG-21 5 / 5 - 2.49E+01 2.90E+01 1.26E+00
7439-89-6 IRON 4.82E+01 J 4.22E+02 µg/L CG-21 4 / 5 100 - 100 1.72E+02 1.00E+03
7439-92-1 LEAD 8.40E-02 J- 8.40E-02 J- µg/L CG-23 1 / 5 1 - 1 8.40E-02 4.70E+01
7439-95-4 MAGNESIUM 7.65E+04 8.84E+04 µg/L CG-23 5 / 5 - 8.44E+04
7439-96-5 MANGANESE 3.51E+03 9.96E+03 µg/L CG-21 5 / 5 - 8.09E+03 1.20E+02 8.30E+01 1.31E+05 1.31E+05
7440-02-0 NICKEL 1.64E+01 4.44E+01 µg/L DE-2 5 / 5 - 2.75E+01 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 3.74E+03 3.74E+03 µg/L CG-23 1 / 5 4170 - 4710 3.74E+03
7440-23-5 SODIUM 4.00E+04 4.37E+04 µg/L CG-21 5 / 5 - 4.22E+04
7440-28-0 THALLIUM 6.60E-02 J 6.60E-02 J µg/L CG-23 1 / 5 1 - 1 6.60E-02 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 5.10E-02 J 5.10E-02 J µg/L CG-23 1 / 5 0.36 - 5 5.10E-02 2.00E+01
7440-66-6 ZINC 1.15E+03 1.07E+04 µg/L DE-2 5 / 5 - 5.09E+03 3.80E+02 2.82E+01 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
TRV = Toxicity reference value.
FBC = Full body contact.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-55
SURFACE WATER (DISSOLVED - FILTERED)

LOWER CHAPARRAL GULCH DAM - CONFLUENCE



Page 1 of 1

CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 5.00E-02 LJ 2.50E-01 J mg/kg HS-39 4 / 23 1.2 - 7.5 1.48E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 1.00E+00 6.60E+00 mg/kg OW-20 4 / 6 1.2 - 1.4 2.48E+00 1.30E+05 --
PH PH 8.40E+00 8.50E+00 mg/kg IK-D3 2 / 2 - 8.45E+00
14808-79-8 SULFATE 1.00E+01 J 2.20E+02 mg/kg OW-20 6 / 6 - 4.84E+01 --

METALS
7429-90-5 ALUMINUM 3.48E+03 J 1.10E+05 mg/kg OW-20 21 / 21 - 1.58E+04 7.70E+04 1.43E+00 7.60E+04 1.45E+00
7440-36-0 ANTIMONY 4.50E-01 J 3.25E+01 J mg/kg OW-18 8 / 23 0.9 - 18.1 4.65E+00 3.10E+01 1.05E+00 --
7440-38-2 ARSENIC 7.20E+00 J 1.51E+03 J mg/kg OW-18 23 / 23 - 9.29E+01 3.90E-01 3.87E+03 1.00E+01 1.51E+02
7440-39-3 BARIUM 2.95E+01 3.06E+02 mg/kg OW-21 23 / 23 - 1.11E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 8.40E-02 J 5.70E+00 mg/kg OW-20 18 / 21 0.091 - 0.58 8.03E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E-01 J 1.27E+01 mg/kg OW-20 12 / 23 0.05 - 1.2 3.62E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.15E+03 5.47E+04 mg/kg AF-5 21 / 21 - 1.36E+04 --
16887-00-6 CHLORIDE 9.20E+00 J 1.60E+01 mg/kg HS-39 1 / 1 - 1.26E+01 --
7440-47-3 CHROMIUM 6.70E+00 J 1.16E+03 J mg/kg OW-20 23 / 23 - 6.62E+01 2.80E+02 4.14E+00 1.20E+05
7440-48-4 COBALT 2.40E+00 J 2.81E+01 mg/kg OW-20 20 / 21 5 - 5 1.15E+01 2.30E+01 1.22E+00 9.00E+02
7440-50-8 COPPER 1.29E+01 8.03E+03 mg/kg OW-20 23 / 23 - 5.36E+02 3.10E+03 2.59E+00 3.10E+03 2.59E+00
7439-89-6 IRON 8.83E+03 5.61E+04 mg/kg OW-18 23 / 23 - 2.05E+04 5.50E+04 1.02E+00 --
7439-92-1 LEAD 3.90E+00 J 7.34E+03 mg/kg OW-18 23 / 23 - 3.49E+02 4.00E+02 1.84E+01 4.00E+02 1.84E+01
7439-95-4 MAGNESIUM 2.10E+03 1.38E+04 mg/kg OW-21 21 / 21 - 5.22E+03 --
7439-96-5 MANGANESE 1.92E+02 2.03E+03 mg/kg OW-19 23 / 23 - 5.17E+02 1.80E+03 1.13E+00 3.30E+03
7439-97-6 MERCURY 3.30E-02 J 3.79E+01 mg/kg OW-18 7 / 23 0.06 - 0.3 5.20E+00 6.70E+00 5.66E+00 2.30E+01 1.65E+00
7440-02-0 NICKEL 3.70E+00 J 8.77E+02 J mg/kg OW-20 21 / 21 - 5.68E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 5.36E+02 J+ 3.32E+03 mg/kg OW-21 20 / 21 550 - 550 1.63E+03 --
7782-49-2 SELENIUM 7.20E-01 J 6.19E+01 J mg/kg OW-18 8 / 23 0.49 - 8.7 1.03E+01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.30E-01 J+ 3.58E+01 mg/kg OW-18 9 / 23 0.26 - 3 8.90E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.70E+01 J 1.38E+03 mg/kg AF-5 20 / 21 209 - 211 3.06E+02 --
7440-28-0 THALLIUM 1.50E+00 J 4.90E+00 mg/kg OW-18 2 / 23 0.77 - 7.5 3.20E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 1.63E+01 8.52E+01 mg/kg AF-5 21 / 21 - 4.02E+01 3.90E+02 7.80E+01 1.09E+00
7440-66-6 ZINC 2.19E+01 4.13E+03 mg/kg OW-20 23 / 23 - 5.74E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-56
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

AGUA FRIA
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 1.80E+00 1.80E+00 mg/kg HS-41 1 / 3 1.2 - 1.8 1.80E+00 1.30E+05 --
14808-79-8 SULFATE 1.90E+01 6.60E+01 mg/kg BKG-AF-2 3 / 3 - 3.35E+01 --

METALS
7429-90-5 ALUMINUM 3.77E+03 1.16E+04 mg/kg BKG-AF-6 11 / 11 - 6.85E+03 7.70E+04 7.60E+04
7440-38-2 ARSENIC 4.20E+00 4.13E+01 mg/kg BKG-AF-5 11 / 11 - 1.70E+01 3.90E-01 1.06E+02 1.00E+01 4.13E+00
7440-39-3 BARIUM 3.86E+01 3.22E+02 mg/kg BKG-AF-5 11 / 11 - 1.11E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.90E-01 J 3.80E-01 J mg/kg BKG-AF-2 4 / 11 0.17 - 0.44 2.64E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 8.00E-02 J 8.00E-02 J mg/kg BKG-AF-3 1 / 11 0.51 - 1.4 8.00E-02 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.94E+03 1.77E+04 mg/kg BKG-AF-6 11 / 11 - 8.67E+03 --
16887-00-6 CHLORIDE 1.50E+01 1.50E+01 mg/kg HS-41 1 / 1 - 1.50E+01 --
7440-47-3 CHROMIUM 5.40E+00 J 2.75E+01 mg/kg BKG-AF-7 11 / 11 - 1.46E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 4.20E+00 J 1.97E+01 mg/kg BKG-AF-5 9 / 11 4.8 - 5.4 1.14E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.10E+01 4.58E+01 mg/kg BKG-AF-5 11 / 11 - 2.45E+01 3.10E+03 3.10E+03
7439-89-6 IRON 6.99E+03 2.44E+04 mg/kg BKG-AF-5 11 / 11 - 1.60E+04 5.50E+04 --
7439-92-1 LEAD 4.00E+00 J 1.61E+01 J mg/kg BKG-AF-9 11 / 11 - 9.62E+00 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 2.16E+03 7.07E+03 mg/kg BKG-AF-6 11 / 11 - 4.10E+03 --
7439-96-5 MANGANESE 1.43E+02 J 1.37E+03 J mg/kg BKG-AF-5 11 / 11 - 4.81E+02 1.80E+03 3.30E+03
7440-02-0 NICKEL 6.40E+00 J 3.45E+01 mg/kg BKG-AF-6 11 / 11 - 1.56E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 5.89E+02 J 2.30E+03 mg/kg BKG-AF-9 11 / 11 - 1.26E+03 --
7782-49-2 SELENIUM 3.60E-01 J 1.00E+00 J mg/kg BKG-AF-3 3 / 11 3.6 - 10 6.67E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.63E+01 J 1.72E+02 J mg/kg HS-41 11 / 11 - 9.76E+01 --
7440-62-2 VANADIUM 1.62E+01 5.67E+01 mg/kg HS-41 11 / 11 - 3.39E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 2.15E+01 J 6.32E+01 mg/kg BKG-AF-6 11 / 11 - 4.22E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-57
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND AGUA FRIA
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
16887-00-6 CHLORIDE 5.90E+04 6.40E+04 µg/L HS-39 2 / 2 - 6.23E+04 2.30E+05
57-12-5 CYANIDE (TOTAL) 2.20E+00 J 8.30E+00 J µg/L AF-16 7 / 17 10 - 10 5.73E+00 5.20E+00 1.60E+00 1.87E+04 1.87E+04
14797-55-8 NITRATE AS N 6.50E+03 J 9.40E+03 µg/L AF-15 4 / 4 - 7.56E+03 3.73E+06 3.73E+06
14797-65-0 NITRITE AS N 6.00E+01 J 6.00E+01 J µg/L AF-15 1 / 4 200 - 500 6.00E+01
14808-79-8 SULFATE 5.40E+04 9.60E+04 µg/L AF-11 4 / 4 - 6.64E+04

METALS
7429-90-5 ALUMINUM 1.54E+02 J 1.21E+04 µg/L AF-15 17 / 17 - 1.42E+03 8.70E+01 1.39E+02
7440-36-0 ANTIMONY 2.00E+00 2.00E+00 µg/L AF-16 0 / 17 0.13 - 60 2.00E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 4.30E+00 J 1.24E+01 J µg/L AF-15 16 / 17 15 - 15 6.32E+00 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 8.29E+01 2.87E+02 µg/L AF-18 17 / 17 - 1.16E+02 4.00E+00 7.18E+01
7440-41-7 BERYLLIUM 3.90E-02 J 6.60E-02 J µg/L AF-16 3 / 17 0.1 - 2 5.08E-02 5.30E+00 1.87E+03 1.87E+03
24959-67-9 BROMIDE 1.60E+02 1.90E+02 µg/L HS-39 2 / 2 - 1.80E+02
7440-43-9 CADMIUM 7.80E-02 J 2.50E+00 µg/L AF-12 7 / 17 0.031 - 5 6.60E-01 6.40E-01 3.91E+00 7.00E+02 7.00E+02
7440-70-2 CALCIUM 5.45E+04 9.24E+04 µg/L AF-12 17 / 17 - 7.40E+04
7440-47-3 CHROMIUM 8.20E-01 J 1.49E+01 µg/L AF-15 16 / 17 1.9 - 1.9 3.49E+00 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 7.60E-01 J 5.70E+00 µg/L AF-15 15 / 17 0.97 - 50 2.25E+00 2.30E+01
7440-50-8 COPPER 2.60E+00 1.54E+02 µg/L AF-12 17 / 17 - 1.85E+01 2.90E+01 5.31E+00
16984-48-8 FLUORIDE 2.10E+02 3.20E+02 µg/L AF-11 2 / 2 - 2.53E+02
7439-89-6 IRON 1.26E+01 LJ 1.16E+04 J µg/L AF-15 20 / 20 - 1.20E+03 1.00E+03 1.16E+01
7439-92-1 LEAD 2.10E-01 J 8.80E+00 J µg/L AF-15 8 / 17 0.16 - 10 2.63E+00 4.70E+01
7439-95-4 MAGNESIUM 1.51E+04 2.08E+04 µg/L AF-12 17 / 17 - 1.77E+04
7439-96-5 MANGANESE 2.20E+00 LJ 2.95E+02 µg/L AF-15 20 / 20 - 7.49E+01 1.20E+02 2.46E+00 1.31E+05 1.31E+05
7439-97-6 MERCURY 7.20E-02 J 1.30E-01 J µg/L AF-14 2 / 20 0.022 - 0.2 1.01E-01 7.70E-01 2.80E+02 2.80E+02
7440-02-0 NICKEL 1.60E+00 J 2.35E+01 µg/L AF-15 17 / 17 - 9.62E+00 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 1.64E+03 J 9.39E+03 µg/L AF-9 17 / 17 - 4.51E+03
7782-49-2 SELENIUM 1.10E+00 J 2.40E+00 LJ µg/L IK-W3 3 / 20 0.9 - 35 1.67E+00 4.60E+00 4.67E+03 4.67E+03
7440-23-5 SODIUM 4.67E+04 7.08E+04 µg/L AF-9 17 / 17 - 5.64E+04
7440-28-0 THALLIUM 8.80E-03 J 9.40E+00 LJ µg/L IK-W3 3 / 20 1 - 25 6.14E+00 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 5.00E+00 J 2.72E+01 µg/L AF-15 17 / 17 - 1.03E+01 2.00E+01 1.36E+00
7440-66-6 ZINC 3.90E+00 J+ 7.38E+02 µg/L AF-12 17 / 17 - 1.01E+02 3.80E+02 1.94E+00 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
LJ = The analyte was positively identified, but the result may be biased low.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-58
SURFACE WATER (TOTAL - UNFILTERED)

AGUA FRIA
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7440-36-0 ANTIMONY 2.00E+00 2.00E+00 µg/L AF-16 0 / 15 0.044 - 4 2.00E+00 3.00E+01 7.47E+02 7.47E+02
7440-38-2 ARSENIC 3.50E+00 7.30E+00 µg/L AF-15 15 / 15 - 5.16E+00 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 7.37E+01 1.11E+02 µg/L AF-5 15 / 15 - 9.42E+01 4.00E+00 2.78E+01
7440-43-9 CADMIUM 1.90E-02 J 2.30E+00 µg/L AF-12 8 / 15 0.026 - 0.25 4.59E-01 6.40E-01 3.59E+00 7.00E+02 7.00E+02
7440-70-2 CALCIUM 5.41E+04 9.31E+04 µg/L AF-11 15 / 15 - 7.31E+04
7440-47-3 CHROMIUM 7.90E-01 J 2.30E+00 µg/L AF-11 15 / 15 - 1.32E+00 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 1.20E+00 7.90E+00 µg/L AF-12 15 / 15 0.88 - 0.88 4.91E+00 2.30E+01
7440-50-8 COPPER 2.20E+00 5.23E+01 µg/L AF-12 12 / 15 1.5 - 1.9 9.69E+00 2.90E+01 1.80E+00
7439-89-6 IRON 1.40E+01 J 1.40E+02 µg/L AF-2 10 / 15 100 - 100 3.73E+01 1.00E+03
7439-92-1 LEAD 7.90E-02 J 1.40E-01 J µg/L AF-9 5 / 15 0.071 - 1 1.14E-01 4.70E+01
7439-95-4 MAGNESIUM 1.42E+04 2.11E+04 µg/L AF-11 13 / 13 - 1.75E+04
7439-96-5 MANGANESE 6.70E+00 2.56E+02 µg/L AF-12 15 / 15 - 5.03E+01 1.20E+02 2.13E+00 1.31E+05 1.31E+05
7440-02-0 NICKEL 3.70E+00 6.20E+00 µg/L AF-12 15 / 15 - 4.68E+00 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 2.85E+03 9.31E+03 µg/L AF-9 6 / 14 1450 - 5230 6.43E+03
7782-49-2 SELENIUM 1.00E+00 J 1.50E+00 J µg/L AF-18 2 / 15 1.2 - 1.9 1.25E+00 4.60E+00 4.67E+03 4.67E+03
7440-22-4 SILVER 1.90E-02 J 1.90E-02 J µg/L AF-17 1 / 15 0.049 - 2 1.90E-02 3.49E+01 4.67E+03 4.67E+03
7440-23-5 SODIUM 5.42E+04 7.13E+04 µg/L AF-9 15 / 15 - 6.11E+04
7440-28-0 THALLIUM 1.30E-02 J 1.30E-02 J µg/L AF-17 1 / 15 1 - 2 1.30E-02 4.00E+01 7.50E+01 7.50E+01
7440-62-2 VANADIUM 4.30E+00 J 1.35E+01 µg/L AF-16 15 / 15 - 8.56E+00 2.00E+01
7440-66-6 ZINC 3.10E+00 5.20E+02 µg/L AF-12 15 / 15 - 6.82E+01 3.80E+02 1.37E+00 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-59
SURFACE WATER (DISSOLVED - FILTERED)

AGUA FRIA
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration
Ecological Surface 

Water TRV
Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

INORGANICS
16887-00-6 CHLORIDE 6.00E+04 6.10E+04 µg/L BKG-AF-3 2 / 2 - 6.05E+04 2.30E+05
57-12-5 CYANIDE (TOTAL) 2.70E+00 J 5.60E+00 J µg/L BKG-AF-3 3 / 8 10 - 10 4.07E+00 5.20E+00 1.08E+00 1.87E+04 1.87E+04
14797-55-8 NITRATE AS N 6.90E+03 9.60E+03 µg/L BKG-AF-3 4 / 4 - 8.12E+03 3.73E+06 3.73E+06
14797-65-0 NITRITE AS N 7.00E+01 J 8.00E+01 J µg/L BKG-AF-3 2 / 4 200 - 200 7.50E+01
14808-79-8 SULFATE 4.60E+04 5.80E+04 µg/L HS-41 4 / 4 - 5.28E+04
o-PO4 O-PHOSPHATE, AS P 1.20E+03 1.20E+03 µg/L BKG-AF-3 1 / 2 1000 - 1000 1.20E+03

METALS
7429-90-5 ALUMINUM 3.65E+01 J 1.65E+03 µg/L BKG-AF-2 7 / 8 222 - 222 3.80E+02 8.70E+01 1.90E+01
7440-38-2 ARSENIC 2.40E+00 J 1.81E+01 µg/L BKG-AF-10 8 / 8 - 6.99E+00 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 6.31E+01 1.13E+02 µg/L BKG-AF-1 8 / 8 - 9.75E+01 4.00E+00 2.83E+01
24959-67-9 BROMIDE 1.60E+02 2.20E+02 µg/L HS-41 2 / 2 - 1.90E+02
7440-70-2 CALCIUM 4.22E+04 8.39E+04 µg/L HS-41 8 / 8 - 6.79E+04
7440-47-3 CHROMIUM 1.10E+00 J 3.70E+00 µg/L BKG-AF-3 7 / 8 2 - 2 2.36E+00 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 3.10E-01 J 1.90E+00 µg/L BKG-AF-2 6 / 8 0.74 - 50 8.72E-01 2.30E+01
7440-50-8 COPPER 1.60E+00 J 6.80E+00 µg/L BKG-AF-2 5 / 8 1.1 - 2 3.88E+00 2.90E+01
16984-48-8 FLUORIDE 2.10E+02 2.40E+02 µg/L BKG-AF-3 2 / 2 - 2.25E+02
7439-89-6 IRON 9.98E+01 J 1.57E+03 µg/L BKG-AF-2 8 / 8 - 3.54E+02 1.00E+03 1.57E+00
7439-92-1 LEAD 9.80E-02 J 1.10E+00 µg/L BKG-AF-2 4 / 8 0.15 - 10 5.32E-01 4.70E+01
7439-95-4 MAGNESIUM 1.40E+04 2.21E+04 µg/L BKG-AF-9 8 / 8 - 1.76E+04
7439-96-5 MANGANESE 9.40E+00 J+ 6.67E+01 µg/L BKG-AF-2 8 / 8 - 3.80E+01 1.20E+02 1.31E+05 1.31E+05
7440-02-0 NICKEL 1.60E+00 J 1.56E+01 µg/L BKG-AF-3 8 / 8 - 4.56E+00 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 1.31E+03 J 5.92E+03 µg/L BKG-AF-2 8 / 8 - 3.09E+03
7440-23-5 SODIUM 4.53E+04 6.05E+04 µg/L BKG-AF-2 8 / 8 - 5.11E+04
7440-62-2 VANADIUM 3.50E+00 J 1.67E+01 µg/L BKG-AF-10 8 / 8 - 8.66E+00 2.00E+01
7440-66-6 ZINC 1.40E+00 J 1.95E+01 J µg/L BKG-AF-2 8 / 8 - 6.78E+00 3.80E+02 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-60
SURFACE WATER (TOTAL - UNFILTERED)

BACKGROUND AGUA FRIA
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of
Detection Limits

Average Detected 
Concentration

Ecological Surface 
Water TRV

Ecological SW 
TRV Exceed

Arizona FBC 
Criterion

Arizona FBC 
Exceed

Arizona PBC 
Criterion

Arizona PBC 
Exceed

METALS
7440-38-2 ARSENIC 2.80E+00 1.75E+01 µg/L BKG-AF-10 7 / 7 - 7.31E+00 1.50E+02 3.00E+01 2.80E+02
7440-39-3 BARIUM 6.02E+01 1.10E+02 µg/L BKG-AF-1 7 / 7 - 9.22E+01 4.00E+00 2.75E+01
7440-43-9 CADMIUM 2.00E-02 J 2.00E-02 J µg/L BKG-AF-1 0 / 7 0.041 - 1 2.00E-02 6.40E-01 7.00E+02 7.00E+02
7440-70-2 CALCIUM 4.06E+04 8.03E+04 µg/L BKG-AF-4 7 / 7 - 6.49E+04
7440-47-3 CHROMIUM 1.30E+00 J 2.70E+00 µg/L BKG-AF-10 5 / 7 2 - 2 1.80E+00 2.30E+02 1.40E+07 1.40E+07
7440-48-4 COBALT 1.10E+00 6.10E+00 µg/L BKG-AF-2 7 / 7 - 3.80E+00 2.30E+01
7440-50-8 COPPER 2.30E+00 J+ 4.20E+00 µg/L BKG-AF-2 3 / 7 1.3 - 2 3.23E+00 2.90E+01
7439-89-6 IRON 5.20E+00 J 5.37E+01 J µg/L BKG-AF-9 7 / 7 - 2.20E+01 1.00E+03
7439-95-4 MAGNESIUM 1.38E+04 2.14E+04 µg/L BKG-AF-9 7 / 7 - 1.74E+04
7439-96-5 MANGANESE 9.00E+00 J+ 5.35E+01 µg/L BKG-AF-1 7 / 7 - 3.11E+01 1.20E+02 1.31E+05 1.31E+05
7440-02-0 NICKEL 2.30E+00 5.00E+00 µg/L BKG-AF-2 7 / 7 - 3.63E+00 1.68E+02 2.80E+04 2.80E+04
7440-09-7 POTASSIUM 1.18E+03 J 5.66E+03 µg/L BKG-AF-2 5 / 7 2260 - 5320 3.05E+03
7440-23-5 SODIUM 4.58E+04 6.22E+04 µg/L BKG-AF-2 7 / 7 - 5.31E+04
7440-62-2 VANADIUM 3.30E+00 J 1.61E+01 µg/L BKG-AF-10 7 / 7 - 8.20E+00 2.00E+01
7440-66-6 ZINC 2.40E+00 J+ 2.41E+01 µg/L BKG-AF-2 6 / 7 2 - 2 1.03E+01 3.80E+02 2.80E+05 2.80E+05

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
SW = Surface water.
TRV = Toxicity reference value.
FBC = Full body contact.
PBC = Partial body contact.

TABLE 5-61
SURFACE WATER (DISSOLVED - FILTERED)

BACKGROUND AGUA FRIA
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 5.20E+01 1.60E+02 mg/kg 02-I 10 / 10 - 1.10E+02 3.90E-01 4.10E+02 1.00E+01 1.60E+01
7439-92-1 LEAD 2.70E+01 1.20E+02 mg/kg 02-B 10 / 10 - 6.87E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-62
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 02
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 3.60E+01 1.60E+02 mg/kg 03-F 10 / 10 - 7.67E+01 3.90E-01 4.10E+02 1.00E+01 1.60E+01
7439-92-1 LEAD 1.80E+01 7.90E+01 mg/kg 03-D 10 / 10 - 3.71E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-63
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 03
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 2.80E+01 1.80E+02 mg/kg 04-A 10 / 10 - 1.13E+02 3.90E-01 4.62E+02 1.00E+01 1.80E+01
7439-92-1 LEAD 1.80E+01 1.30E+02 mg/kg 04-D 10 / 10 - 7.65E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-64
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 04
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.30E+01 7.50E+01 mg/kg 06-F 10 / 10 - 3.15E+01 3.90E-01 1.92E+02 1.00E+01 7.50E+00
7439-92-1 LEAD 8.90E+00 8.50E+01 mg/kg 06-A 10 / 10 - 4.34E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-65
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 06
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 2.10E+01 5.70E+02 mg/kg 07-G 10 / 10 - 8.69E+01 3.90E-01 1.46E+03 1.00E+01 5.70E+01
7439-92-1 LEAD 8.90E+00 1.00E+02 mg/kg 07-F 10 / 10 - 5.67E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-66
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 07
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.60E+01 2.40E+02 mg/kg 08-E 10 / 10 - 4.43E+01 3.90E-01 6.15E+02 1.00E+01 2.40E+01
7439-92-1 LEAD 7.60E+00 2.80E+02 mg/kg 08-E 10 / 10 - 3.97E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-67
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 08
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 9.70E+00 6.90E+01 mg/kg 09-A 10 / 10 - 3.29E+01 3.90E-01 1.77E+02 1.00E+01 6.90E+00
7439-92-1 LEAD 1.30E+01 6.10E+01 mg/kg 09-B 10 / 10 - 2.70E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-68
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 09
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 2.10E+01 5.70E+01 mg/kg 10-H 10 / 10 - 4.15E+01 3.90E-01 1.46E+02 1.00E+01 5.70E+00
7439-92-1 LEAD 1.30E+01 1.00E+02 mg/kg 10-B 10 / 10 - 5.15E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-69
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 10
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 7.80E+00 8.60E+01 mg/kg 11-H 10 / 10 - 3.12E+01 3.90E-01 2.21E+02 1.00E+01 8.60E+00
7439-92-1 LEAD 1.50E+01 1.30E+03 mg/kg 11-C 8 / 10 3.1 - 3.1 1.91E+02 4.00E+02 3.25E+00 4.00E+02 3.25E+00

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-70
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 11
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 2.70E+01 6.40E+01 mg/kg 12-A 10 / 10 - 4.68E+01 3.90E-01 1.64E+02 1.00E+01 6.40E+00
7439-92-1 LEAD 1.30E+01 3.70E+02 mg/kg 12-E 10 / 10 - 8.56E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-71
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 12
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.20E+01 4.80E+01 mg/kg 13-C 10 / 10 - 3.31E+01 3.90E-01 1.23E+02 1.00E+01 4.80E+00
7439-92-1 LEAD 7.20E+00 1.20E+02 mg/kg 13-G 10 / 10 - 6.63E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-72
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 13
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.70E+01 5.30E+01 mg/kg 14-B 10 / 10 - 3.15E+01 3.90E-01 1.36E+02 1.00E+01 5.30E+00
7439-92-1 LEAD 2.90E+00 J 1.10E+02 mg/kg 14-E 10 / 10 - 3.96E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-73
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 14
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.90E+01 7.60E+01 mg/kg 15-H 10 / 10 - 4.04E+01 3.90E-01 1.95E+02 1.00E+01 7.60E+00
7439-92-1 LEAD 7.00E+01 2.30E+02 mg/kg 15-D 10 / 10 - 1.11E+02 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-74
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 15
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 2.10E+01 7.90E+01 mg/kg 16-I 10 / 10 - 4.65E+01 3.90E-01 2.03E+02 1.00E+01 7.90E+00
7439-92-1 LEAD 1.90E+01 3.30E+02 mg/kg 16-I 10 / 10 - 1.08E+02 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-75
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 16
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 2.30E+01 8.70E+01 mg/kg 17-G 10 / 10 - 4.66E+01 3.90E-01 2.23E+02 1.00E+01 8.70E+00
7439-92-1 LEAD 2.00E+01 1.00E+02 mg/kg 17-H 10 / 10 - 5.52E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-76
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 17
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.30E+01 5.70E+01 mg/kg 19-B 10 / 10 - 2.96E+01 3.90E-01 1.46E+02 1.00E+01 5.70E+00
7439-92-1 LEAD 9.00E+00 8.70E+01 mg/kg 19-B 10 / 10 - 4.64E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-77
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 19
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 1.80E+01 8.90E+01 mg/kg 20-H 10 / 10 - 4.98E+01 3.90E-01 2.28E+02 1.00E+01 8.90E+00
7439-92-1 LEAD 1.10E+01 9.30E+01 mg/kg 20-A 10 / 10 - 3.18E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-78
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 20
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 1.10E+01 1.10E+01 mg/kg OFS-101-1 1 / 1 - 1.10E+01 1.30E+05 --
PH PH 7.90E+00 7.90E+00 pH Units OFS-101-1 1 / 1 - 7.90E+00
14808-79-8 SULFATE 1.00E+01 7.30E+01 mg/kg OFS-101 2 / 2 - 4.15E+01 --

METALS
7429-90-5 ALUMINUM 8.33E+03 3.09E+04 mg/kg OFS-101 12 / 12 - 1.87E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.40E-01 J 5.50E+00 J mg/kg OFS-101-8 11 / 12 6.5 - 6.5 2.02E+00 3.10E+01 --
7440-38-2 ARSENIC 3.60E+00 J 3.18E+02 mg/kg OFS-101-7 12 / 12 - 5.24E+01 3.90E-01 8.15E+02 1.00E+01 3.18E+01
7440-39-3 BARIUM 7.54E+01 6.85E+02 mg/kg OFS-101 12 / 12 - 3.55E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.90E-01 J 8.30E-01 mg/kg OFS-101-7 12 / 12 - 6.11E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 4.40E-01 J 8.60E+00 mg/kg OFS-101-7 11 / 12 0.5 - 0.52 2.83E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 7.50E+03 4.71E+04 mg/kg OFS-101-2 12 / 12 - 3.52E+04 --
7440-47-3 CHROMIUM 1.49E+01 5.08E+01 mg/kg OFS-101 12 / 12 - 3.17E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.20E+00 5.83E+01 mg/kg OFS-101-7 12 / 12 - 1.80E+01 2.30E+01 2.53E+00 9.00E+02
7440-50-8 COPPER 1.98E+01 J 7.25E+03 mg/kg OFS-101-7 12 / 12 - 8.44E+02 3.10E+03 2.34E+00 3.10E+03 2.34E+00
7439-89-6 IRON 1.51E+04 4.38E+04 mg/kg OFS-101-7 12 / 12 - 3.01E+04 5.50E+04 --
7439-92-1 LEAD 5.50E+00 2.38E+02 mg/kg OFS-101-7 12 / 12 - 1.01E+02 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.00E+03 1.25E+04 mg/kg OFS-101 12 / 12 - 8.96E+03 --
7439-96-5 MANGANESE 2.10E+02 J 1.37E+03 mg/kg OFS-101-7 12 / 12 - 7.91E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 5.40E-02 J 1.70E+00 mg/kg OFS-101-7 12 / 12 - 5.30E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.56E+01 J 5.05E+01 mg/kg OFS-101 12 / 12 - 3.82E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 8.87E+02 3.58E+03 mg/kg OFS-101 12 / 12 - 2.27E+03 --
7782-49-2 SELENIUM 6.30E-01 J 7.50E-01 J mg/kg OFS-101-8 2 / 12 3.5 - 3.8 6.90E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 3.00E-01 J 3.70E+00 J- mg/kg OFS-101-8 12 / 12 1 - 1 1.35E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.50E+01 J 6.30E+02 mg/kg OFS-101-1 12 / 12 - 2.03E+02 --
7440-62-2 VANADIUM 2.24E+01 6.16E+01 mg/kg OFS-101 12 / 12 - 4.83E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 9.20E+01 5.59E+03 mg/kg OFS-101-7 12 / 12 - 7.72E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-79
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 101
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.32E+04 2.22E+04 mg/kg OFS-102-3 10 / 10 - 1.66E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.10E-01 J 5.70E+00 J mg/kg OFS-102-4 9 / 10 6.3 - 6.3 2.00E+00 3.10E+01 --
7440-38-2 ARSENIC 1.04E+01 6.12E+01 mg/kg OFS-102-1 10 / 10 - 2.94E+01 3.90E-01 1.57E+02 1.00E+01 6.12E+00
7440-39-3 BARIUM 9.01E+01 J+ 5.24E+02 J+ mg/kg OFS-102-2 10 / 10 - 3.38E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.00E-01 J 8.70E-01 mg/kg OFS-102-3 10 / 10 - 6.13E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E+00 3.60E+00 mg/kg OFS-102-1 10 / 10 - 2.45E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.19E+03 7.18E+04 mg/kg OFS-102-1 10 / 10 - 3.18E+04 --
7440-47-3 CHROMIUM 2.49E+01 3.83E+01 mg/kg OFS-102-3 10 / 10 - 3.08E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.35E+01 1.82E+01 mg/kg OFS-102-8 10 / 10 - 1.61E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.28E+01 8.60E+02 mg/kg OFS-102-1 10 / 10 - 2.50E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.42E+04 3.46E+04 mg/kg OFS-102-3 10 / 10 - 2.91E+04 5.50E+04 --
7439-92-1 LEAD 1.09E+01 1.20E+02 mg/kg OFS-102-4 10 / 10 - 6.42E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.20E+03 9.81E+03 mg/kg OFS-102-2 10 / 10 - 8.30E+03 --
7439-96-5 MANGANESE 4.96E+02 1.10E+03 mg/kg OFS-102-2 10 / 10 - 8.12E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.00E-02 J 1.30E+00 mg/kg OFS-102-1 9 / 10 0.1 - 0.1 3.90E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.79E+01 4.92E+01 mg/kg OFS-102-3 10 / 10 - 3.66E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.16E+03 J+ 2.30E+03 mg/kg OFS-102-3 10 / 10 - 1.87E+03 --
7782-49-2 SELENIUM 1.10E+00 J 1.10E+00 J mg/kg OFS-102-1 1 / 10 3.6 - 3.7 1.10E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.10E-01 J- 2.80E+00 J- mg/kg OFS-102-1 10 / 10 - 7.25E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.03E+01 J 2.20E+02 J mg/kg OFS-102-1 10 / 10 - 1.41E+02 --
7440-62-2 VANADIUM 3.95E+01 8.18E+01 mg/kg OFS-102-5 10 / 10 - 5.46E+01 3.90E+02 7.80E+01 1.05E+00
7440-66-6 ZINC 6.29E+01 6.03E+02 mg/kg OFS-102-4 10 / 10 - 3.67E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-80
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 102
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 9.84E+03 1.84E+04 mg/kg OFS-103-2 10 / 10 - 1.50E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.00E+00 J 9.20E+00 J mg/kg OFS-103-6 10 / 10 - 2.60E+00 3.10E+01 --
7440-38-2 ARSENIC 1.75E+01 1.16E+02 mg/kg OFS-103-6 10 / 10 - 4.54E+01 3.90E-01 2.97E+02 1.00E+01 1.16E+01
7440-39-3 BARIUM 1.42E+02 J+ 2.49E+02 J+ mg/kg OFS-103-1 10 / 10 - 1.89E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.30E-01 J 7.80E-01 mg/kg OFS-103-5 10 / 10 - 6.38E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.10E+00 9.40E+00 mg/kg OFS-103-6 10 / 10 - 3.45E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.73E+03 1.96E+04 mg/kg OFS-103-1 10 / 10 - 9.18E+03 --
7440-47-3 CHROMIUM 2.11E+01 J 3.00E+01 J mg/kg OFS-103-9 10 / 10 - 2.40E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.00E+01 1.56E+01 mg/kg OFS-103-9 10 / 10 - 1.27E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.86E+01 2.45E+02 J mg/kg OFS-103-6 10 / 10 - 8.91E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.31E+04 3.20E+04 mg/kg OFS-103-9 10 / 10 - 2.82E+04 5.50E+04 --
7439-92-1 LEAD 1.27E+01 J 6.65E+02 J mg/kg OFS-103-6 10 / 10 - 1.37E+02 4.00E+02 1.66E+00 4.00E+02 1.66E+00
7439-95-4 MAGNESIUM 5.26E+03 7.53E+03 mg/kg OFS-103-9 10 / 10 - 6.45E+03 --
7439-96-5 MANGANESE 4.79E+02 7.78E+02 J mg/kg OFS-103-9 10 / 10 - 5.87E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.30E-02 J 4.10E+00 mg/kg OFS-103-6 10 / 10 - 7.29E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.89E+01 3.18E+01 J mg/kg OFS-103-9 10 / 10 - 2.19E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.30E+03 J 3.24E+03 J+ mg/kg OFS-103-2 10 / 10 - 2.41E+03 --
7440-22-4 SILVER 1.70E-01 J- 3.50E+00 J- mg/kg OFS-103-6 8 / 10 1 - 1 8.88E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.08E+01 J 1.21E+02 J mg/kg OFS-103-5 10 / 10 - 8.33E+01 --
7440-28-0 THALLIUM 3.80E-01 J 3.80E-01 J mg/kg OFS-103-6 1 / 10 2.5 - 2.7 3.80E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.37E+01 5.65E+01 J mg/kg OFS-103-9 10 / 10 - 4.92E+01 3.90E+02 7.80E+01
7440-62-2 VANADIUM 4.37E+01 J 5.65E+01 J mg/kg OFS-103-9 10 / 10 - 4.92E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.72E+01 J 2.41E+03 J mg/kg OFS-103-6 10 / 10 - 7.09E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-81
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 103
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 9.81E+03 1.72E+04 mg/kg OFS-104-5 10 / 10 - 1.40E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.10E-01 J 1.90E+00 J mg/kg OFS-104-4 8 / 10 6.1 - 6.5 9.81E-01 3.10E+01 --
7440-38-2 ARSENIC 9.90E+00 4.28E+01 mg/kg OFS-104-8 10 / 10 - 2.78E+01 3.90E-01 1.10E+02 1.00E+01 4.28E+00
7440-39-3 BARIUM 1.72E+02 4.90E+02 mg/kg OFS-104-8 10 / 10 - 2.36E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.80E-01 J 7.80E-01 mg/kg OFS-104-2 10 / 10 - 6.43E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.20E+00 3.50E+00 mg/kg OFS-104-8 10 / 10 - 2.38E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.42E+03 1.24E+04 mg/kg OFS-104-4 10 / 10 - 5.46E+03 --
7440-47-3 CHROMIUM 2.23E+01 J 4.00E+01 mg/kg OFS-104-5 10 / 10 - 2.94E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.47E+01 2.43E+01 mg/kg OFS-104-5 10 / 10 - 1.76E+01 2.30E+01 1.06E+00 9.00E+02
7440-50-8 COPPER 3.29E+01 3.57E+02 mg/kg OFS-104-8 10 / 10 - 1.64E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.50E+04 4.44E+04 mg/kg OFS-104-5 10 / 10 - 3.17E+04 5.50E+04 --
7439-92-1 LEAD 1.11E+01 6.58E+01 J mg/kg OFS-104-1 10 / 10 - 4.24E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.96E+03 8.04E+03 mg/kg OFS-104-2 10 / 10 - 6.51E+03 --
7439-96-5 MANGANESE 1.07E+03 4.50E+03 mg/kg OFS-104-8 10 / 10 - 1.59E+03 1.80E+03 2.50E+00 3.30E+03 1.36E+00
7439-97-6 MERCURY 5.60E-02 J 2.80E-01 mg/kg OFS-104-1 7 / 10 0.097 - 0.11 1.27E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.53E+01 J 4.46E+01 mg/kg OFS-104-5 10 / 10 - 3.40E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.12E+03 J 4.39E+03 J mg/kg OFS-104-2 10 / 10 - 3.44E+03 --
7440-22-4 SILVER 9.80E-02 J- 5.50E-01 J- mg/kg OFS-104-9 9 / 10 1.1 - 1.1 3.07E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.01E+01 J 1.99E+02 J mg/kg OFS-104-4 10 / 10 - 1.08E+02 --
7440-62-2 VANADIUM 4.26E+01 7.28E+01 mg/kg OFS-104-5 10 / 10 - 5.49E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.12E+01 3.36E+02 mg/kg OFS-104-9 10 / 10 - 2.00E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-82
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 104
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 5.93E+03 1.05E+05 mg/kg OFS-105-1 10 / 10 - 2.88E+04 7.70E+04 1.36E+00 7.60E+04 1.38E+00
7440-36-0 ANTIMONY 6.10E-01 J 3.94E+01 J mg/kg OFS-105-1 9 / 10 6.8 - 6.8 9.61E+00 3.10E+01 1.27E+00 --
7440-38-2 ARSENIC 8.50E+00 6.68E+01 mg/kg OFS-105-2 10 / 10 - 2.78E+01 3.90E-01 1.71E+02 1.00E+01 6.68E+00
7440-39-3 BARIUM 6.11E+01 J+ 2.09E+02 mg/kg OFS-105-3 10 / 10 - 1.32E+02 1.50E+04 1.50E+04
7440-39-3 BARIUM 6.11E+01 J+ 2.09E+02 J+ mg/kg OFS-105-2 10 / 10 - 1.32E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-01 J 1.14E+01 mg/kg OFS-105-1 10 / 10 - 2.48E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.20E+00 1.83E+01 mg/kg OFS-105-1 10 / 10 - 4.91E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.62E+03 1.95E+04 mg/kg OFS-105-3 10 / 10 - 7.49E+03 --
7440-47-3 CHROMIUM 2.47E+01 4.41E+02 J mg/kg OFS-105-1 10 / 10 - 1.01E+02 2.80E+02 1.58E+00 1.20E+05
7440-48-4 COBALT 7.20E+00 1.68E+01 mg/kg OFS-105-3 10 / 10 - 1.26E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 5.23E+01 4.83E+03 J mg/kg OFS-105-1 10 / 10 - 1.05E+03 3.10E+03 1.56E+00 3.10E+03 1.56E+00
7439-89-6 IRON 2.00E+04 4.12E+04 mg/kg OFS-105-5 10 / 10 - 2.83E+04 5.50E+04 --
7439-92-1 LEAD 1.48E+01 6.98E+02 J mg/kg OFS-105-1 10 / 10 - 1.52E+02 4.00E+02 1.75E+00 4.00E+02 1.75E+00
7439-95-4 MAGNESIUM 2.63E+03 1.75E+04 mg/kg OFS-105-1 10 / 10 - 7.33E+03 --
7439-96-5 MANGANESE 3.46E+02 9.22E+02 mg/kg OFS-105-6 10 / 10 - 6.37E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.20E-02 J 3.60E-01 mg/kg OFS-105-1 9 / 10 0.1 - 0.1 1.37E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.69E+01 2.53E+02 J mg/kg OFS-105-1 10 / 10 - 6.42E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 9.66E+02 J 3.03E+03 J mg/kg OFS-105-3 10 / 10 - 1.68E+03 --
7440-22-4 SILVER 1.50E-01 J- 1.01E+01 J- mg/kg OFS-105-1 10 / 10 - 1.96E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.04E+02 J 1.16E+03 J mg/kg OFS-105-3 10 / 10 - 4.32E+02 --
7440-62-2 VANADIUM 2.92E+01 1.08E+02 J mg/kg OFS-105-9 10 / 10 - 5.95E+01 3.90E+02 7.80E+01 1.38E+00
7440-66-6 ZINC 6.16E+01 4.80E+03 J mg/kg OFS-105-1 10 / 10 - 8.95E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-83
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 105
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.10E-01 J 1.10E-01 J mg/kg HS-42 1 / 11 2.5 - 2.9 1.10E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 3.30E+00 3.30E+00 mg/kg HS-42 1 / 1 - 3.30E+00 1.30E+05 --
14808-79-8 SULFATE 8.60E+00 J 8.60E+00 J mg/kg HS-42 1 / 1 - 8.60E+00 --

METALS
7429-90-5 ALUMINUM 1.17E+04 2.96E+04 mg/kg OFS-106-1 11 / 11 - 2.06E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.30E-01 J 5.20E+00 J mg/kg HS-42 7 / 11 6 - 6.8 1.61E+00 3.10E+01 --
7440-38-2 ARSENIC 2.16E+01 6.83E+01 mg/kg OFS-106-5 11 / 11 - 4.10E+01 3.90E-01 1.75E+02 1.00E+01 6.83E+00
7440-39-3 BARIUM 4.41E+01 1.70E+02 mg/kg OFS-106-3 11 / 11 - 1.26E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.70E-01 J 7.20E-01 mg/kg OFS-106-3 11 / 11 - 4.06E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 8.60E-01 3.20E+00 mg/kg OFS-106-7 10 / 11 1.1 - 1.1 2.19E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.35E+03 2.50E+04 mg/kg OFS-106-2 11 / 11 - 6.58E+03 --
7440-47-3 CHROMIUM 4.33E+01 1.35E+02 mg/kg OFS-106-6 11 / 11 - 7.70E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.40E+01 4.34E+01 mg/kg OFS-106-6 11 / 11 - 2.64E+01 2.30E+01 1.89E+00 9.00E+02
7440-50-8 COPPER 4.93E+01 2.04E+02 mg/kg OFS-106-5 11 / 11 - 1.27E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.15E+04 5.46E+04 mg/kg OFS-106-3 11 / 11 - 4.06E+04 5.50E+04 --
7439-92-1 LEAD 7.20E+00 8.17E+01 mg/kg OFS-106-7 11 / 11 - 3.48E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 5.88E+03 2.01E+04 mg/kg OFS-106-7 11 / 11 - 1.31E+04 --
7439-96-5 MANGANESE 4.31E+02 1.05E+03 mg/kg OFS-106-3 11 / 11 - 8.64E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.50E-02 J 3.00E-01 mg/kg OFS-106-3 7 / 11 0.096 - 0.11 1.29E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.79E+01 8.06E+01 mg/kg OFS-106-6 11 / 11 - 4.74E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 6.11E+02 5.04E+03 J+ mg/kg OFS-106-3 11 / 11 - 2.55E+03 --
7440-22-4 SILVER 1.40E-01 J- 6.00E-01 J- mg/kg OFS-106-7 7 / 11 1 - 2.2 3.15E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.79E+01 J 2.04E+02 J mg/kg OFS-106-5 11 / 11 - 1.27E+02 --
7440-28-0 THALLIUM 3.80E-01 J 3.80E-01 J mg/kg OFS-106-2 1 / 11 2.5 - 5.4 3.80E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.14E+01 1.32E+02 mg/kg OFS-106-3 11 / 11 - 8.84E+01 3.90E+02 7.80E+01 1.69E+00
7440-66-6 ZINC 4.36E+01 1.59E+02 mg/kg OFS-106-1 11 / 11 - 1.00E+02 2.30E+04 2.30E+04

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 6.10E-02 J 6.10E-02 J mg/kg HS-42 1 / 1 - 6.10E-02 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-84
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 106

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.16E+04 4.92E+04 mg/kg OFS-107-3 10 / 10 - 2.93E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.70E+00 J 1.36E+01 mg/kg OFS-107-3 8 / 10 6.1 - 7.8 7.22E+00 3.10E+01 --
7440-38-2 ARSENIC 5.50E+00 1.13E+02 mg/kg OFS-107-2 10 / 10 - 6.56E+01 3.90E-01 2.90E+02 1.00E+01 1.13E+01
7440-39-3 BARIUM 6.30E+01 5.19E+02 mg/kg OFS-107-7 10 / 10 - 3.61E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-01 J 4.00E+00 mg/kg OFS-107-3 10 / 10 - 1.89E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 7.80E-01 9.70E+00 mg/kg OFS-107-2 10 / 10 - 5.77E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 8.21E+03 2.42E+04 mg/kg OFS-107-9 10 / 10 - 1.30E+04 --
7440-47-3 CHROMIUM 1.87E+01 1.21E+02 mg/kg OFS-107-3 10 / 10 - 6.47E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.31E+01 1.96E+01 mg/kg OFS-107-1 10 / 10 - 1.65E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.81E+01 2.36E+03 mg/kg OFS-107-2 10 / 10 - 1.11E+03 3.10E+03 3.10E+03
7439-89-6 IRON 2.53E+04 4.64E+04 mg/kg OFS-107-1 10 / 10 - 3.44E+04 5.50E+04 --
7439-92-1 LEAD 9.20E+00 4.29E+02 mg/kg OFS-107-5 10 / 10 - 2.04E+02 4.00E+02 1.07E+00 4.00E+02 1.07E+00
7439-95-4 MAGNESIUM 5.93E+03 1.02E+04 mg/kg OFS-107-3 10 / 10 - 8.38E+03 --
7439-96-5 MANGANESE 4.52E+02 9.09E+02 mg/kg OFS-107-4 10 / 10 - 7.26E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.40E-01 7.10E-01 mg/kg OFS-107-8 8 / 10 0.1 - 0.12 3.89E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.57E+01 8.19E+01 mg/kg OFS-107-3 10 / 10 - 5.96E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.62E+03 J+ 7.91E+03 J+ mg/kg OFS-107-3 10 / 10 - 4.16E+03 --
7782-49-2 SELENIUM 4.70E-01 J 2.60E+00 J mg/kg OFS-107-2 3 / 10 3.5 - 4.6 1.47E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 6.90E-01 J- 8.40E+00 J- mg/kg OFS-107-2 8 / 10 1 - 1.3 3.31E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.11E+02 J 3.46E+03 mg/kg OFS-107-3 10 / 10 - 9.59E+02 --
7440-62-2 VANADIUM 4.21E+01 7.41E+01 mg/kg OFS-107-6 10 / 10 - 5.57E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.60E+01 1.32E+03 mg/kg OFS-107-3 10 / 10 - 6.47E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-85
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 107
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.40E-01 J 6.40E-01 J mg/kg OFS-108-1 1 / 10 2.5 - 2.9 6.40E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 7.18E+03 2.67E+04 mg/kg OFS-108-1 10 / 10 - 1.93E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.20E-01 J 1.41E+01 mg/kg OFS-108-2 9 / 10 7 - 7 4.77E+00 3.10E+01 --
7440-38-2 ARSENIC 1.14E+01 2.56E+02 mg/kg OFS-108-2 10 / 10 - 6.57E+01 3.90E-01 6.56E+02 1.00E+01 2.56E+01
7440-39-3 BARIUM 1.27E+02 6.60E+02 mg/kg OFS-108-2 10 / 10 - 2.73E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-01 J 1.70E+00 mg/kg OFS-108-2 10 / 10 - 1.00E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 9.40E-01 9.40E+00 mg/kg OFS-108-2 10 / 10 - 4.61E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.72E+03 2.26E+04 mg/kg OFS-108-2 10 / 10 - 8.78E+03 --
7440-47-3 CHROMIUM 1.36E+01 6.13E+01 mg/kg OFS-108-1 10 / 10 - 4.24E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.50E+00 2.23E+01 mg/kg OFS-108-8 10 / 10 - 1.41E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.70E+01 2.46E+03 mg/kg OFS-108-2 10 / 10 - 8.22E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.41E+04 6.32E+04 mg/kg OFS-108-2 10 / 10 - 3.33E+04 5.50E+04 1.15E+00 --
7439-92-1 LEAD 1.51E+01 1.38E+03 mg/kg OFS-108-2 10 / 10 - 2.45E+02 4.00E+02 3.45E+00 4.00E+02 3.45E+00
7439-95-4 MAGNESIUM 2.58E+03 9.49E+03 mg/kg OFS-108-8 10 / 10 - 6.19E+03 --
7439-96-5 MANGANESE 2.89E+02 1.68E+03 mg/kg OFS-108-9 10 / 10 - 8.60E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.30E-02 J 1.50E+00 mg/kg OFS-108-2 7 / 10 0.094 - 0.11 3.66E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.42E+01 6.41E+01 mg/kg OFS-108-2 10 / 10 - 3.64E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 6.70E+02 4.12E+03 mg/kg OFS-108-1 10 / 10 - 2.80E+03 --
7782-49-2 SELENIUM 1.70E+00 J 1.70E+00 J mg/kg OFS-108-2 1 / 10 3.5 - 4.1 1.70E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 3.10E-01 J- 8.20E+00 J- mg/kg OFS-108-2 9 / 10 1 - 1.2 2.06E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.73E+01 J 1.15E+03 J mg/kg OFS-108-1 10 / 10 - 3.48E+02 --
7440-62-2 VANADIUM 2.52E+01 8.80E+01 mg/kg OFS-108-9 10 / 10 - 5.88E+01 3.90E+02 7.80E+01 1.13E+00
7440-66-6 ZINC 5.81E+01 8.72E+02 mg/kg OFS-108-2 10 / 10 - 3.66E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-86
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 108
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.73E+04 6.38E+04 mg/kg OFS-109-3 10 / 10 - 3.36E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.50E-01 J 2.02E+01 mg/kg OFS-109-3 10 / 10 - 9.58E+00 3.10E+01 --
7440-38-2 ARSENIC 1.36E+01 1.13E+02 mg/kg OFS-109-3 10 / 10 - 4.85E+01 3.90E-01 2.90E+02 1.00E+01 1.13E+01
7440-39-3 BARIUM 7.20E+01 7.66E+02 J+ mg/kg OFS-109-1 10 / 10 - 2.78E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 9.00E-01 5.20E+00 mg/kg OFS-109-3 10 / 10 - 2.25E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.50E+00 1.15E+01 mg/kg OFS-109-3 10 / 10 - 5.51E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.40E+03 2.65E+04 mg/kg OFS-109-1 10 / 10 - 5.86E+03 --
7440-47-3 CHROMIUM 4.12E+01 1.93E+02 mg/kg OFS-109-3 10 / 10 - 9.04E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 4.20E+00 J 2.28E+01 mg/kg OFS-109-1 10 / 10 - 1.08E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 9.89E+01 J 2.84E+03 mg/kg OFS-109-3 10 / 10 - 1.23E+03 3.10E+03 3.10E+03
7439-89-6 IRON 4.84E+03 4.62E+04 mg/kg OFS-109-1 10 / 10 - 1.63E+04 5.50E+04 --
7439-92-1 LEAD 3.24E+01 J 4.64E+02 mg/kg OFS-109-3 10 / 10 - 2.23E+02 4.00E+02 1.16E+00 4.00E+02 1.16E+00
7439-95-4 MAGNESIUM 3.87E+03 1.55E+04 mg/kg OFS-109-3 10 / 10 - 7.44E+03 --
7439-96-5 MANGANESE 2.02E+02 8.48E+02 mg/kg OFS-109-1 10 / 10 - 4.14E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.80E-02 J 1.20E+00 mg/kg OFS-109-1 10 / 10 - 4.01E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 3.87E+01 1.38E+02 mg/kg OFS-109-3 10 / 10 - 6.76E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.36E+02 4.49E+03 mg/kg OFS-109-1 9 / 10 501 - 501 1.84E+03 --
7782-49-2 SELENIUM 6.00E-01 J 1.60E+00 J mg/kg OFS-109-7 7 / 10 3.6 - 4.1 1.10E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.30E+00 J- 5.70E+00 J- mg/kg OFS-109-3 9 / 10 1.2 - 1.2 2.49E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.06E+02 J 4.27E+02 J mg/kg OFS-109-4 10 / 10 - 2.14E+02 --
7440-62-2 VANADIUM 1.57E+01 6.70E+01 mg/kg OFS-109-3 10 / 10 - 3.24E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.06E+02 J 2.15E+03 mg/kg OFS-109-3 10 / 10 - 9.76E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-87
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 109
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 6.70E+03 1.43E+04 mg/kg OFS-110-3 10 / 10 - 1.08E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.70E-01 J 2.00E+00 J mg/kg OFS-110-8 1 / 10 6.1 - 6.4 1.29E+00 3.10E+01 --
7440-38-2 ARSENIC 1.08E+01 4.53E+01 mg/kg OFS-110-8 10 / 10 - 2.03E+01 3.90E-01 1.16E+02 1.00E+01 4.53E+00
7440-39-3 BARIUM 8.15E+01 1.80E+02 mg/kg OFS-110-6 10 / 10 - 1.44E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 5.20E-01 mg/kg OFS-110-1 10 / 10 - 4.38E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.80E-01 J 2.00E+00 J mg/kg OFS-110-8 10 / 10 - 1.27E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.27E+03 1.06E+04 mg/kg OFS-110-3 10 / 10 - 6.66E+03 --
7440-47-3 CHROMIUM 1.35E+01 2.53E+01 mg/kg OFS-110-6 10 / 10 - 1.69E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.90E+00 1.32E+01 mg/kg OFS-110-3 10 / 10 - 1.06E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.58E+01 8.57E+01 mg/kg OFS-110-2 10 / 10 - 5.57E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.63E+04 2.87E+04 mg/kg OFS-110-3 10 / 10 - 2.39E+04 5.50E+04 --
7439-92-1 LEAD 9.70E+00 1.48E+02 mg/kg OFS-110-8 10 / 10 - 5.34E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.60E+03 7.05E+03 mg/kg OFS-110-3 10 / 10 - 5.02E+03 --
7439-96-5 MANGANESE 3.42E+02 8.39E+02 mg/kg OFS-110-1 10 / 10 - 5.44E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 5.80E-02 J 2.30E-01 mg/kg OFS-110-8 7 / 10 0.096 - 0.1 1.21E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.25E+01 2.02E+01 mg/kg OFS-110-6 10 / 10 - 1.51E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.23E+03 3.01E+03 mg/kg OFS-110-5 10 / 10 - 2.21E+03 --
7782-49-2 SELENIUM 1.20E+00 J 1.20E+00 J mg/kg OFS-110-8 1 / 10 3.5 - 3.7 1.20E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 9.30E-02 J- 1.10E+00 J- mg/kg OFS-110-6 6 / 10 1 - 1.1 3.95E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.65E+01 J 5.70E+02 mg/kg OFS-110-9 9 / 10 139 - 139 2.09E+02 --
7440-62-2 VANADIUM 3.17E+01 4.80E+01 mg/kg OFS-110-3 10 / 10 - 4.20E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.95E+01 4.26E+02 mg/kg OFS-110-8 10 / 10 - 1.79E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-88
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 110
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 7.83E+03 2.10E+04 mg/kg OFS-111-6 10 / 10 - 1.51E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.60E+00 J 2.40E+01 mg/kg OFS-111-3 8 / 10 0.79 - 6.2 1.15E+01 3.10E+01 --
7440-38-2 ARSENIC 5.60E+00 2.90E+02 mg/kg OFS-111-3 10 / 10 - 1.10E+02 3.90E-01 7.44E+02 1.00E+01 2.90E+01
7440-39-3 BARIUM 7.40E+01 3.11E+02 mg/kg OFS-111-1 10 / 10 - 2.26E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-01 J 7.80E-01 mg/kg OFS-111-6 10 / 10 - 5.62E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.90E-01 J 1.45E+01 J mg/kg OFS-111-3 10 / 10 - 6.87E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.01E+04 2.17E+04 mg/kg OFS-111-3 10 / 10 - 1.46E+04 --
7440-47-3 CHROMIUM 8.80E+00 2.74E+01 mg/kg OFS-111-6 10 / 10 - 2.12E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.03E+01 2.13E+01 mg/kg OFS-111-3 10 / 10 - 1.54E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.42E+01 4.43E+03 mg/kg OFS-111-1 10 / 10 - 9.73E+02 3.10E+03 1.43E+00 3.10E+03 1.43E+00
7439-89-6 IRON 1.81E+04 4.22E+04 mg/kg OFS-111-3 10 / 10 - 3.12E+04 5.50E+04 --
7439-92-1 LEAD 1.53E+01 1.45E+03 mg/kg OFS-111-3 10 / 10 - 6.08E+02 4.00E+02 3.63E+00 4.00E+02 3.63E+00
7439-95-4 MAGNESIUM 3.28E+03 9.40E+03 mg/kg OFS-111-6 10 / 10 - 6.96E+03 --
7439-96-5 MANGANESE 2.78E+02 1.24E+03 mg/kg OFS-111-3 10 / 10 - 6.54E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.90E-01 1.04E+01 mg/kg OFS-111-3 9 / 10 0.1 - 0.1 3.26E+00 6.70E+00 1.55E+00 2.30E+01
7440-02-0 NICKEL 9.00E+00 3.32E+01 mg/kg OFS-111-3 10 / 10 - 2.35E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 8.79E+02 3.84E+03 mg/kg OFS-111-6 10 / 10 - 2.39E+03 --
7782-49-2 SELENIUM 7.80E-01 J 7.60E+00 mg/kg OFS-111-3 8 / 10 3.6 - 3.6 3.39E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 9.20E-01 J- 9.20E+00 J- mg/kg OFS-111-3 9 / 10 1 - 1 4.65E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.13E+02 J 2.60E+02 J mg/kg OFS-111-4 8 / 10 60.3 - 217 1.57E+02 --
7440-62-2 VANADIUM 2.24E+01 6.55E+01 mg/kg OFS-111-5 10 / 10 - 4.91E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.11E+01 3.58E+03 mg/kg OFS-111-3 10 / 10 - 1.49E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-89
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 111
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 9.80E+00 9.80E+00 mg/kg OFS-112-3 1 / 1 - 9.80E+00 1.30E+05 --
PH PH 7.80E+00 7.80E+00 pH Units OFS-112-3 1 / 1 - 7.80E+00
14808-79-8 SULFATE 8.70E+00 8.70E+00 mg/kg OFS-112-3 1 / 1 - 8.70E+00 --

METALS
7429-90-5 ALUMINUM 1.08E+04 1.90E+04 mg/kg OFS-112-1 10 / 10 - 1.64E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 1.21E+01 3.63E+01 mg/kg OFS-112-1 10 / 10 - 2.41E+01 3.90E-01 9.31E+01 1.00E+01 3.63E+00
7440-39-3 BARIUM 9.42E+01 2.03E+02 mg/kg OFS-112-1 10 / 10 - 1.68E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-01 J 6.00E-01 mg/kg OFS-112-4 10 / 10 - 5.14E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 8.40E-01 J 1.40E+00 J mg/kg OFS-112-1 10 / 10 - 1.12E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.21E+03 7.51E+03 mg/kg OFS-112-1 10 / 10 - 6.56E+03 --
7440-47-3 CHROMIUM 1.50E+01 2.13E+01 mg/kg OFS-112-8 10 / 10 - 1.78E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.46E+01 1.94E+01 mg/kg OFS-112-4 10 / 10 - 1.67E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.49E+01 5.24E+01 mg/kg OFS-112-1 10 / 10 - 4.31E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.89E+04 4.48E+04 mg/kg OFS-112-1 10 / 10 - 3.60E+04 5.50E+04 --
7439-92-1 LEAD 1.09E+01 2.30E+01 mg/kg OFS-112-1 10 / 10 - 1.60E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 5.94E+03 1.05E+04 mg/kg OFS-112-4 10 / 10 - 8.27E+03 --
7439-96-5 MANGANESE 6.03E+02 1.10E+03 mg/kg OFS-112-4 10 / 10 - 8.51E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.20E-02 J 7.50E-02 J mg/kg OFS-112-1 4 / 10 0.1 - 0.11 4.54E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.53E+01 1.86E+01 mg/kg OFS-112-8 10 / 10 - 1.69E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.05E+03 2.97E+03 mg/kg OFS-112-1 10 / 10 - 1.97E+03 --
7440-23-5 SODIUM 8.94E+01 J 4.49E+02 J mg/kg OFS-112-2 10 / 10 - 1.82E+02 --
7440-62-2 VANADIUM 5.13E+01 7.32E+01 mg/kg OFS-112-8 10 / 10 - 6.12E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.70E+01 2.00E+02 mg/kg OFS-112-9 10 / 10 - 1.13E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-90
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 112
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 7.40E+00 J 1.74E+04 mg/kg OFS-113-7 10 / 10 - 1.23E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 4.80E+00 4.12E+01 mg/kg OFS-113-6 9 / 10 1 - 1 2.33E+01 3.90E-01 1.06E+02 1.00E+01 4.12E+00
7440-39-3 BARIUM 5.00E-01 J 1.91E+02 mg/kg OFS-113-7 10 / 10 - 1.44E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.00E-02 J 6.00E-01 mg/kg OFS-113-7 10 / 10 - 4.37E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.40E-01 J 1.50E+00 mg/kg OFS-113-6 9 / 10 0.4 - 0.4 9.88E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.04E+01 J 2.09E+04 mg/kg OFS-113-5 10 / 10 - 7.57E+03 --
7440-47-3 CHROMIUM 1.16E+01 1.89E+01 mg/kg OFS-113-9 9 / 10 1 - 1 1.41E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.40E-01 J 1.66E+01 mg/kg OFS-113-9 10 / 10 - 1.11E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.00E-01 J 4.61E+01 mg/kg OFS-113-9 10 / 10 - 3.14E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.37E+01 3.38E+04 mg/kg OFS-113-9 10 / 10 - 2.50E+04 5.50E+04 --
7439-92-1 LEAD 3.70E-01 J 3.08E+01 mg/kg OFS-113-7 10 / 10 - 1.73E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 9.20E+00 J 8.90E+03 mg/kg OFS-113-9 10 / 10 - 6.32E+03 --
7439-96-5 MANGANESE 4.00E-01 J 9.01E+02 mg/kg OFS-113-6 10 / 10 - 6.26E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.40E-02 J 1.40E-01 mg/kg OFS-113-7 5 / 10 0.097 - 0.15 7.92E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.80E-01 J 1.78E+01 mg/kg OFS-113-9 10 / 10 - 1.23E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.26E+03 3.47E+03 mg/kg OFS-113-3 9 / 10 519 - 519 2.48E+03 --
7782-49-2 SELENIUM 6.50E-01 J 6.50E-01 J mg/kg OFS-113-5 1 / 10 3.6 - 3.7 6.50E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.30E-01 J- 1.30E-01 J- mg/kg OFS-113-2 1 / 10 1 - 1.5 1.30E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.80E+01 J 7.10E+02 J mg/kg OFS-113-5 9 / 10 519 - 519 2.32E+02 --
7440-62-2 VANADIUM 1.60E-01 J 5.54E+01 mg/kg OFS-113-3 10 / 10 - 4.19E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 3.00E-01 J 4.28E+02 mg/kg OFS-113-2 10 / 10 - 1.31E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-91
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 113
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.07E+04 1.70E+04 mg/kg OFS-114-2 10 / 10 - 1.44E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 4.30E+00 J mg/kg OFS-114-5 5 / 10 0.94 - 3.6 2.36E+00 3.10E+01 --
7440-38-2 ARSENIC 7.90E+00 1.51E+02 mg/kg OFS-114-5 10 / 10 - 6.94E+01 3.90E-01 3.87E+02 1.00E+01 1.51E+01
7440-39-3 BARIUM 9.80E+01 1.89E+02 mg/kg OFS-114-2 10 / 10 - 1.55E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.10E-01 J 6.70E-01 mg/kg OFS-114-2 10 / 10 - 5.35E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.60E-01 J 2.40E+00 J mg/kg OFS-114-5 10 / 10 - 1.42E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.70E+03 6.75E+03 mg/kg OFS-114-2 10 / 10 - 5.58E+03 --
7440-47-3 CHROMIUM 1.25E+01 1.56E+01 mg/kg OFS-114-9 10 / 10 - 1.39E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 9.80E+00 1.42E+01 mg/kg OFS-114-7 10 / 10 - 1.25E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.50E+01 6.64E+01 mg/kg OFS-114-5 10 / 10 - 4.43E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.61E+04 3.80E+04 mg/kg OFS-114-9 10 / 10 - 3.17E+04 5.50E+04 --
7439-92-1 LEAD 7.50E+00 1.17E+02 mg/kg OFS-114-5 10 / 10 - 4.79E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.94E+03 7.68E+03 mg/kg OFS-114-1 10 / 10 - 6.49E+03 --
7439-96-5 MANGANESE 4.39E+02 7.14E+02 mg/kg OFS-114-9 10 / 10 - 6.34E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.80E-02 J 5.40E-01 mg/kg OFS-114-3 9 / 10 0.11 - 0.11 2.16E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.11E+01 1.69E+01 mg/kg OFS-114-1 10 / 10 - 1.32E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.19E+03 3.34E+03 mg/kg OFS-114-3 10 / 10 - 2.05E+03 --
7440-22-4 SILVER 9.40E-02 J- 4.90E-01 J- mg/kg OFS-114-5 4 / 10 1 - 1.1 2.51E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.53E+01 J 7.16E+01 J mg/kg OFS-114-9 9 / 10 93.5 - 125 6.38E+01 --
7440-62-2 VANADIUM 4.39E+01 6.58E+01 mg/kg OFS-114-9 10 / 10 - 5.42E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.49E+01 4.69E+02 mg/kg OFS-114-5 10 / 10 - 2.14E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-92
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 114
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 5.06E+03 3.07E+04 mg/kg OFS-115-1 10 / 10 - 2.35E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 3.60E+00 5.66E+01 mg/kg OFS-115-5 10 / 10 - 2.22E+01 3.90E-01 1.45E+02 1.00E+01 5.66E+00
7440-39-3 BARIUM 1.96E+02 2.30E+03 mg/kg OFS-115-4 10 / 10 - 1.19E+03 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 1.50E+00 mg/kg OFS-115-7 10 / 10 - 1.03E+00 1.60E+02 1.50E+02
7440-43-9 CADMIUM 4.80E-01 J 3.00E+00 J mg/kg OFS-115-4 10 / 10 - 1.71E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.64E+03 2.13E+04 mg/kg OFS-115-7 10 / 10 - 1.67E+04 --
7440-47-3 CHROMIUM 1.30E+01 1.00E+02 mg/kg OFS-115-4 10 / 10 - 6.62E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.20E+00 3.25E+01 mg/kg OFS-115-8 10 / 10 - 2.69E+01 2.30E+01 1.41E+00 9.00E+02
7440-50-8 COPPER 3.01E+01 2.23E+02 mg/kg OFS-115-4 10 / 10 - 1.07E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.02E+04 3.78E+04 mg/kg OFS-115-4 10 / 10 - 3.09E+04 5.50E+04 --
7439-92-1 LEAD 6.70E+00 9.41E+01 mg/kg OFS-115-4 10 / 10 - 3.39E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.16E+03 2.91E+04 mg/kg OFS-115-2 10 / 10 - 2.03E+04 --
7439-96-5 MANGANESE 2.55E+02 1.04E+03 mg/kg OFS-115-7 10 / 10 - 8.08E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.10E-02 J 7.70E-02 J mg/kg OFS-115-5 5 / 10 0.094 - 0.11 5.88E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.15E+01 1.93E+02 mg/kg OFS-115-8 10 / 10 - 1.52E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 6.66E+02 3.95E+03 mg/kg OFS-115-7 10 / 10 - 1.69E+03 --
7440-22-4 SILVER 2.00E-01 J- 3.00E-01 J- mg/kg OFS-115-4 2 / 10 1 - 1.1 2.50E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.26E+02 J 2.48E+03 mg/kg OFS-115-1 6 / 10 269 - 514 1.46E+03 --
7440-62-2 VANADIUM 2.33E+01 8.98E+01 mg/kg OFS-115-6 10 / 10 - 7.26E+01 3.90E+02 7.80E+01 1.15E+00
7440-66-6 ZINC 4.52E+01 1.58E+02 mg/kg OFS-115-4 10 / 10 - 8.59E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-93
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 115
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 3.20E-01 J 3.30E-01 J mg/kg OFS-116-1 1 / 10 2.6 - 2.8 3.25E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.19E+04 1.93E+04 mg/kg OFS-116-9 10 / 10 - 1.56E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.10E-01 J 1.48E+02 J mg/kg OFS-116-1 4 / 10 6.2 - 6.6 3.13E+01 3.10E+01 4.77E+00 --
7440-38-2 ARSENIC 1.65E+01 6.77E+02 mg/kg OFS-116-1 10 / 10 - 1.07E+02 3.90E-01 1.74E+03 1.00E+01 6.77E+01
7440-39-3 BARIUM 1.61E+02 3.28E+02 mg/kg OFS-116-9 10 / 10 - 2.24E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.30E-01 J 7.40E-01 mg/kg OFS-116-9 10 / 10 - 5.88E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.90E+00 5.10E+00 mg/kg OFS-116-7 10 / 10 - 2.75E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.66E+03 5.65E+04 mg/kg OFS-116-5 10 / 10 - 1.77E+04 --
7440-47-3 CHROMIUM 2.22E+01 J 3.80E+01 mg/kg OFS-116-4 10 / 10 - 2.86E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.13E+01 J 1.68E+01 mg/kg OFS-116-9 10 / 10 - 1.42E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.03E+01 2.66E+02 J mg/kg OFS-116-1 10 / 10 - 8.76E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.79E+04 3.54E+04 mg/kg OFS-116-8 10 / 10 - 3.23E+04 5.50E+04 --
7439-92-1 LEAD 1.33E+01 2.01E+02 mg/kg OFS-116-7 10 / 10 - 5.16E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 5.83E+03 9.18E+03 mg/kg OFS-116-9 10 / 10 - 7.04E+03 --
7439-96-5 MANGANESE 6.77E+02 3.07E+03 mg/kg OFS-116-1 10 / 10 - 1.24E+03 1.80E+03 1.71E+00 3.30E+03
7439-97-6 MERCURY 3.80E-02 J 7.30E-01 mg/kg OFS-116-7 8 / 10 0.1 - 0.11 1.68E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.07E+01 3.87E+01 mg/kg OFS-116-9 10 / 10 - 2.94E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.84E+03 4.32E+03 mg/kg OFS-116-5 10 / 10 - 3.50E+03 --
7440-22-4 SILVER 9.50E-02 J- 3.39E+01 J- mg/kg OFS-116-1 8 / 10 1 - 1.1 4.06E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.06E+02 J 2.06E+02 J mg/kg OFS-116-1 0 / 10 114 - 453 2.06E+02 --
7440-62-2 VANADIUM 4.60E+01 J 6.57E+01 mg/kg OFS-116-4 10 / 10 - 5.48E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.42E+01 8.14E+02 mg/kg OFS-116-7 10 / 10 - 2.40E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-94
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 116
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.04E+04 1.75E+04 mg/kg OFS-117-5 10 / 10 - 1.35E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.70E-01 J 5.60E+00 J mg/kg OFS-117-2 6 / 10 6.2 - 6.6 2.30E+00 3.10E+01 --
7440-38-2 ARSENIC 1.46E+01 1.68E+02 mg/kg OFS-117-2 10 / 10 - 5.10E+01 3.90E-01 4.31E+02 1.00E+01 1.68E+01
7440-39-3 BARIUM 8.11E+01 2.33E+02 mg/kg OFS-117-7 10 / 10 - 1.41E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.20E-01 J 7.90E-01 mg/kg OFS-117-5 10 / 10 - 4.67E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.60E+00 4.40E+00 mg/kg OFS-117-2 10 / 10 - 2.39E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.13E+03 3.11E+04 mg/kg OFS-117-5 10 / 10 - 1.14E+04 --
7440-47-3 CHROMIUM 1.79E+01 J 3.88E+01 J mg/kg OFS-117-5 10 / 10 - 2.51E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.33E+01 1.58E+01 mg/kg OFS-117-1 10 / 10 - 1.48E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.00E+01 5.20E+01 J mg/kg OFS-117-3 10 / 10 - 3.83E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.73E+04 3.84E+04 mg/kg OFS-117-2 10 / 10 - 3.20E+04 5.50E+04 --
7439-92-1 LEAD 8.00E+00 1.62E+02 J mg/kg OFS-117-2 10 / 10 - 4.56E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 5.32E+03 9.17E+03 mg/kg OFS-117-7 10 / 10 - 6.59E+03 --
7439-96-5 MANGANESE 5.30E+02 7.50E+02 mg/kg OFS-117-3 10 / 10 - 6.08E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 5.00E-02 J 5.70E-01 mg/kg OFS-117-2 8 / 10 0.1 - 0.11 2.45E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.36E+01 3.93E+01 mg/kg OFS-117-7 10 / 10 - 2.14E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.81E+03 3.97E+03 mg/kg OFS-117-8 10 / 10 - 2.64E+03 --
7440-22-4 SILVER 1.40E-01 J- 1.10E+00 J- mg/kg OFS-117-2 5 / 10 1 - 1.1 4.88E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.31E+01 J 3.98E+02 J mg/kg OFS-117-9 8 / 10 113 - 226 1.97E+02 --
7440-62-2 VANADIUM 5.46E+01 7.78E+01 mg/kg OFS-117-2 10 / 10 - 6.09E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.72E+01 7.13E+02 J mg/kg OFS-117-2 10 / 10 - 2.07E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-95
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 117
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.80E-01 J 5.40E-01 J mg/kg OFS-118-9 4 / 10 2.6 - 2.8 3.90E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.11E+04 2.01E+04 mg/kg OFS-118-8 10 / 10 - 1.65E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.10E+00 4.71E+01 mg/kg OFS-118-9 10 / 10 - 2.15E+01 3.10E+01 1.52E+00 --
7440-38-2 ARSENIC 5.17E+01 3.08E+02 mg/kg OFS-118-8 10 / 10 - 1.60E+02 3.90E-01 7.90E+02 1.00E+01 3.08E+01
7440-39-3 BARIUM 1.48E+02 3.61E+02 mg/kg OFS-118-9 10 / 10 - 2.56E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.60E-01 J 6.40E-01 mg/kg OFS-118-9 10 / 10 - 5.31E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.90E+00 1.57E+01 mg/kg OFS-118-1 10 / 10 - 1.00E+01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.45E+03 2.74E+04 mg/kg OFS-118-8 10 / 10 - 1.59E+04 --
7440-47-3 CHROMIUM 1.57E+01 3.63E+01 mg/kg OFS-118-8 10 / 10 - 2.54E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.00E+01 2.09E+01 mg/kg OFS-118-8 10 / 10 - 1.57E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.93E+02 1.56E+03 mg/kg OFS-118-5 10 / 10 - 8.87E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.44E+04 4.93E+04 mg/kg OFS-118-8 10 / 10 - 3.47E+04 5.50E+04 --
7439-92-1 LEAD 2.80E+02 2.95E+03 mg/kg OFS-118-9 10 / 10 - 1.18E+03 4.00E+02 7.38E+00 4.00E+02 7.38E+00
7439-95-4 MAGNESIUM 4.53E+03 9.84E+03 mg/kg OFS-118-8 10 / 10 - 7.51E+03 --
7439-96-5 MANGANESE 3.29E+02 9.89E+02 mg/kg OFS-118-8 10 / 10 - 7.00E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.30E-01 1.44E+01 mg/kg OFS-118-8 10 / 10 - 4.87E+00 6.70E+00 2.15E+00 2.30E+01
7440-02-0 NICKEL 1.26E+01 3.45E+01 mg/kg OFS-118-8 10 / 10 - 2.49E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.56E+03 3.23E+03 mg/kg OFS-118-6 10 / 10 - 2.45E+03 --
7782-49-2 SELENIUM 1.20E+00 J 1.10E+01 mg/kg OFS-118-9 10 / 10 - 4.82E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 3.10E+00 J- 1.59E+01 J- mg/kg OFS-118-9 10 / 10 - 7.10E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.16E+02 J 2.88E+02 J mg/kg OFS-118-5 10 / 10 - 1.81E+02 --
7440-62-2 VANADIUM 3.56E+01 6.97E+01 mg/kg OFS-118-1 10 / 10 - 5.34E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 3.32E+02 3.33E+03 J mg/kg OFS-118-1 10 / 10 - 1.87E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-96
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 118
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 3.30E-01 J 3.30E-01 J mg/kg OFS-119-2 1 / 11 1.1 - 2.8 3.30E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 6.70E+00 6.70E+00 mg/kg HS-43 1 / 1 - 6.70E+00 1.30E+05 --
14808-79-8 SULFATE 1.30E+01 J 1.30E+01 J mg/kg HS-43 1 / 1 - 1.30E+01 --

METALS
7429-90-5 ALUMINUM 1.08E+04 2.28E+04 mg/kg HS-43 11 / 11 - 1.55E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.90E-01 J 7.50E+00 J mg/kg HS-43 8 / 11 6.2 - 6.5 2.43E+00 3.10E+01 --
7440-38-2 ARSENIC 1.48E+01 1.19E+02 mg/kg HS-43 11 / 11 - 3.89E+01 3.90E-01 3.05E+02 1.00E+01 1.19E+01
7440-39-3 BARIUM 8.79E+01 4.59E+02 mg/kg OFS-119-7 11 / 11 - 2.69E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.60E-01 J 7.30E-01 mg/kg OFS-119-1 11 / 11 - 4.83E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.60E+00 6.70E+00 mg/kg OFS-119-5 11 / 11 - 2.65E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.17E+03 3.64E+04 mg/kg OFS-119-7 11 / 11 - 1.64E+04 --
7440-47-3 CHROMIUM 1.39E+01 J 3.54E+01 mg/kg OFS-119-1 11 / 11 - 2.67E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.13E+01 1.59E+01 mg/kg OFS-119-5 11 / 11 - 1.37E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.24E+01 J 1.63E+02 mg/kg OFS-119-2 11 / 11 - 7.79E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.21E+04 3.92E+04 mg/kg HS-43 11 / 11 - 2.97E+04 5.50E+04 --
7439-92-1 LEAD 1.13E+01 J 5.43E+02 mg/kg HS-43 11 / 11 - 1.52E+02 4.00E+02 1.36E+00 4.00E+02 1.36E+00
7439-95-4 MAGNESIUM 5.29E+03 9.02E+03 mg/kg HS-43 11 / 11 - 7.08E+03 --
7439-96-5 MANGANESE 3.94E+02 1.09E+03 mg/kg OFS-119-3 11 / 11 - 7.10E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.00E-02 J 1.20E+00 mg/kg OFS-119-5 9 / 11 0.097 - 0.1 2.59E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.31E+01 3.50E+01 mg/kg OFS-119-7 11 / 11 - 2.58E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.25E+03 2.40E+03 mg/kg OFS-119-1 11 / 11 - 1.89E+03 --
7782-49-2 SELENIUM 5.10E-01 J 5.10E-01 J mg/kg OFS-119-5 1 / 11 3.5 - 7.8 5.10E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.20E-01 J- 1.90E+00 J- mg/kg OFS-119-5 9 / 11 1 - 1.1 6.17E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.44E+01 J 5.80E+02 J mg/kg HS-43 11 / 11 - 2.65E+02 --
7440-28-0 THALLIUM 1.40E+00 J 1.40E+00 J mg/kg HS-43 1 / 11 2.5 - 2.7 1.40E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.15E+01 1.47E+02 mg/kg OFS-119-9 11 / 11 - 5.96E+01 3.90E+02 7.80E+01 1.88E+00
7440-66-6 ZINC 6.67E+01 1.50E+03 mg/kg OFS-119-5 11 / 11 - 3.88E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-97
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 119
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.90E-01 J 6.50E+00 mg/kg OFS-120-4 6 / 10 2.6 - 2.8 1.56E+00 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.27E+03 1.79E+04 mg/kg OFS-120-9 10 / 10 - 1.51E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 1.60E+02 mg/kg OFS-120-5 5 / 10 1.5 - 6.7 4.30E+01 3.10E+01 5.16E+00 --
7440-38-2 ARSENIC 1.19E+01 2.56E+01 mg/kg OFS-120-5 10 / 10 - 1.84E+01 3.90E-01 6.56E+01 1.00E+01 2.56E+00
7440-39-3 BARIUM 1.95E+02 4.07E+02 mg/kg OFS-120-5 10 / 10 - 3.02E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.60E-01 J 6.80E-01 mg/kg OFS-120-9 10 / 10 - 5.76E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 8.70E-01 J 2.30E+00 mg/kg OFS-120-8 10 / 10 - 1.49E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 6.17E+03 7.74E+04 mg/kg OFS-120-6 10 / 10 - 3.68E+04 --
7440-47-3 CHROMIUM 1.69E+01 3.12E+01 J mg/kg OFS-120-9 10 / 10 - 2.69E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 9.30E+00 1.95E+01 J mg/kg OFS-120-5 10 / 10 - 1.44E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.60E+01 7.60E+01 mg/kg OFS-120-1 10 / 10 - 5.31E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.04E+04 3.26E+04 mg/kg OFS-120-1 10 / 10 - 2.76E+04 5.50E+04 --
7439-92-1 LEAD 1.47E+01 1.81E+04 mg/kg OFS-120-5 10 / 10 - 2.54E+03 4.00E+02 4.53E+01 4.00E+02 4.53E+01
7439-95-4 MAGNESIUM 5.63E+03 8.54E+03 mg/kg OFS-120-5 10 / 10 - 7.52E+03 --
7439-96-5 MANGANESE 5.26E+02 1.16E+03 mg/kg OFS-120-2 10 / 10 - 9.46E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.10E-02 J 8.00E-02 J mg/kg OFS-120-7 2 / 10 0.098 - 0.1 6.05E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.02E+01 4.06E+01 mg/kg OFS-120-5 10 / 10 - 3.37E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.71E+03 4.50E+03 mg/kg OFS-120-9 10 / 10 - 2.72E+03 --
7440-22-4 SILVER 9.30E-02 J- 9.30E-02 J- mg/kg OFS-120-4 1 / 10 0.98 - 1.1 9.30E-02 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.55E+01 J 1.52E+02 J mg/kg OFS-120-5 4 / 10 95.5 - 467 9.72E+01 --
7440-62-2 VANADIUM 3.64E+01 5.91E+01 mg/kg OFS-120-1 10 / 10 - 5.02E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.02E+01 1.46E+02 J mg/kg OFS-120-7 10 / 10 - 9.28E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-98
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 120
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-01 J 6.30E-01 J mg/kg OFS-121-6 2 / 10 2.5 - 2.8 6.15E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 7.66E+03 2.56E+04 mg/kg OFS-121-1 10 / 10 - 1.95E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 6.50E+00 8.00E+01 mg/kg OFS-121-8 10 / 10 - 4.57E+01 3.90E-01 2.05E+02 1.00E+01 8.00E+00
7440-39-3 BARIUM 8.86E+01 3.20E+02 mg/kg OFS-121-3 10 / 10 - 1.63E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.20E-01 J 8.80E-01 mg/kg OFS-121-3 10 / 10 - 4.93E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 7.50E-01 3.20E+00 mg/kg OFS-121-8 10 / 10 - 2.51E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.66E+03 8.37E+03 mg/kg OFS-121-2 10 / 10 - 7.17E+03 --
7440-47-3 CHROMIUM 1.10E+01 5.42E+01 mg/kg OFS-121-5 10 / 10 - 2.33E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.10E+00 2.03E+01 mg/kg OFS-121-6 10 / 10 - 1.52E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.54E+01 5.89E+01 mg/kg OFS-121-5 10 / 10 - 4.25E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.36E+04 4.43E+04 mg/kg OFS-121-6 10 / 10 - 3.61E+04 5.50E+04 --
7439-92-1 LEAD 6.60E+00 1.67E+02 mg/kg OFS-121-9 10 / 10 - 5.31E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.27E+03 1.24E+04 mg/kg OFS-121-5 10 / 10 - 8.07E+03 --
7439-96-5 MANGANESE 2.39E+02 1.65E+03 mg/kg OFS-121-3 10 / 10 - 8.07E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.20E-02 J 5.60E-01 mg/kg OFS-121-9 9 / 10 0.1 - 0.1 2.55E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.22E+01 4.24E+01 mg/kg OFS-121-3 10 / 10 - 1.89E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.37E+03 6.09E+03 mg/kg OFS-121-7 10 / 10 - 3.04E+03 --
7440-22-4 SILVER 1.20E-01 J- 1.00E+00 J- mg/kg OFS-121-9 8 / 10 1 - 1.1 3.49E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.66E+01 J 6.70E+02 mg/kg OFS-121-3 2 / 10 95.1 - 508 3.83E+02 --
7440-62-2 VANADIUM 2.58E+01 8.03E+01 mg/kg OFS-121-1 10 / 10 - 6.48E+01 3.90E+02 7.80E+01 1.03E+00
7440-66-6 ZINC 4.63E+01 3.48E+02 mg/kg OFS-121-7 10 / 10 - 2.03E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-99
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 121
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 3.00E-01 J 5.40E-01 J mg/kg OFS-122-3 5 / 10 2.5 - 2.8 3.76E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.57E+03 1.79E+04 mg/kg OFS-122-2 10 / 10 - 1.17E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.90E-01 J 1.50E+01 mg/kg OFS-122-9 4 / 10 0.72 - 6.9 4.38E+00 3.10E+01 --
7440-38-2 ARSENIC 1.22E+01 3.31E+01 mg/kg OFS-122-4 10 / 10 - 2.09E+01 3.90E-01 8.49E+01 1.00E+01 3.31E+00
7440-39-3 BARIUM 7.81E+01 2.06E+02 mg/kg OFS-122-9 10 / 10 - 1.22E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.70E-01 J 5.80E-01 mg/kg OFS-122-2 10 / 10 - 3.48E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.10E+00 2.90E+00 mg/kg OFS-122-9 10 / 10 - 1.83E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.29E+03 1.48E+04 mg/kg OFS-122-7 10 / 10 - 8.00E+03 --
7440-47-3 CHROMIUM 1.64E+01 3.20E+01 mg/kg OFS-122-2 10 / 10 - 2.10E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.50E+00 1.50E+01 mg/kg OFS-122-9 10 / 10 - 9.69E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 3.60E+01 1.77E+02 mg/kg OFS-122-9 10 / 10 - 8.99E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.72E+04 3.23E+04 mg/kg OFS-122-6 10 / 10 - 2.18E+04 5.50E+04 --
7439-92-1 LEAD 1.26E+01 1.92E+02 mg/kg OFS-122-6 10 / 10 - 5.32E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.78E+03 6.62E+03 mg/kg OFS-122-9 10 / 10 - 4.56E+03 --
7439-96-5 MANGANESE 3.77E+02 1.42E+03 mg/kg OFS-122-9 10 / 10 - 6.52E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.40E-02 J 4.10E-01 mg/kg OFS-122-7 8 / 10 0.092 - 0.1 1.29E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.22E+01 2.72E+01 mg/kg OFS-122-2 10 / 10 - 1.61E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.94E+03 6.25E+03 mg/kg OFS-122-9 10 / 10 - 3.28E+03 --
7440-22-4 SILVER 1.10E-01 J- 5.40E-01 J- mg/kg OFS-122-6 9 / 10 1.1 - 1.1 3.01E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.01E+03 1.74E+04 mg/kg OFS-122-4 3 / 10 89.1 - 362 6.79E+03 --
7440-62-2 VANADIUM 3.14E+01 5.72E+01 mg/kg OFS-122-2 10 / 10 - 4.05E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.84E+01 2.46E+02 mg/kg OFS-122-1 10 / 10 - 1.13E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-100
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 122
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.40E-01 J- 1.40E-01 J- mg/kg OFS-123-3 1 / 11 1.1 - 3.7 1.40E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 1.50E+00 1.50E+00 mg/kg HS-36 1 / 1 - 1.50E+00 1.30E+05 --

METALS
7429-90-5 ALUMINUM 4.91E+03 1.82E+04 mg/kg OFS-123-3 11 / 11 - 1.25E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 8.20E-01 J 2.10E+00 J mg/kg OFS-123-3 7 / 11 0.51 - 12.7 1.38E+00 3.10E+01 --
7440-38-2 ARSENIC 4.50E+00 3.73E+01 mg/kg OFS-123-3 11 / 11 - 2.08E+01 3.90E-01 9.56E+01 1.00E+01 3.73E+00
7440-39-3 BARIUM 4.59E+01 1.94E+02 mg/kg OFS-123-7 11 / 11 - 1.46E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.00E-01 J 6.80E-01 mg/kg OFS-123-3 11 / 11 - 5.17E-01 1.60E+02 1.50E+02
117-81-7 BIS(2- 4.40E-02 J 4.40E-02 J mg/kg HS-36 1 / 1 - 4.40E-02 3.50E+01 3.90E+01
7440-43-9 CADMIUM 5.70E-02 J 1.20E+00 mg/kg OFS-123-4 11 / 11 - 3.86E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.24E+03 1.62E+04 mg/kg OFS-123-4 11 / 11 - 7.67E+03 --
7440-47-3 CHROMIUM 7.30E+00 2.48E+01 mg/kg OFS-123-7 11 / 11 - 1.82E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.40E+00 1.24E+01 mg/kg OFS-123-7 11 / 11 - 1.05E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.26E+01 5.69E+01 mg/kg OFS-123-3 11 / 11 - 3.65E+01 3.10E+03 3.10E+03
7439-89-6 IRON 9.59E+03 2.68E+04 mg/kg OFS-123-7 11 / 11 - 2.19E+04 5.50E+04 --
7439-92-1 LEAD 4.80E+00 6.55E+01 mg/kg OFS-123-3 11 / 11 - 2.93E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 2.53E+03 6.89E+03 mg/kg OFS-123-7 11 / 11 - 5.66E+03 --
7439-96-5 MANGANESE 1.90E+02 8.05E+02 mg/kg OFS-123-7 11 / 11 - 5.73E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.00E-02 J 1.80E-01 mg/kg OFS-123-3 5 / 11 0.097 - 0.11 1.11E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 7.90E+00 1.94E+01 mg/kg OFS-123-7 11 / 11 - 1.65E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 8.32E+02 J+ 3.91E+03 J+ mg/kg OFS-123-3 11 / 11 - 2.12E+03 --
7440-22-4 SILVER 1.80E-01 J- 2.80E-01 J- mg/kg OFS-123-9 4 / 11 1 - 2.1 2.30E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.21E+01 J 7.17E+02 mg/kg OFS-123-4 11 / 11 - 1.75E+02 --
7440-62-2 VANADIUM 2.13E+01 4.90E+01 mg/kg OFS-123-7 11 / 11 - 3.92E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 2.41E+01 2.73E+02 mg/kg OFS-123-3 11 / 11 - 1.29E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-101
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 123
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.30E-01 J- 8.90E-01 J- mg/kg OFS-124-3 3 / 11 2.5 - 3.6 5.40E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 1.20E+02 1.20E+02 mg/kg HS-35 1 / 1 - 1.20E+02 1.30E+05 --
14808-79-8 SULFATE 2.60E+02 2.60E+02 mg/kg HS-35 1 / 1 - 2.60E+02 --

METALS
7429-90-5 ALUMINUM 8.58E+03 1.82E+04 mg/kg OFS-124-8 11 / 11 - 1.45E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 8.70E-01 J 2.70E+00 J mg/kg HS-35 9 / 11 1.1 - 1.9 1.55E+00 3.10E+01 --
7440-38-2 ARSENIC 1.13E+01 3.72E+01 mg/kg OFS-124-9 11 / 11 - 2.23E+01 3.90E-01 9.54E+01 1.00E+01 3.72E+00
7440-39-3 BARIUM 5.65E+01 2.39E+02 mg/kg OFS-124-1 11 / 11 - 1.61E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 7.40E-01 mg/kg OFS-124-1 11 / 11 - 5.75E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.90E-01 J 2.30E+00 mg/kg OFS-124-9 9 / 11 0.52 - 1.1 9.08E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.45E+03 1.72E+04 mg/kg OFS-124-7 11 / 11 - 9.63E+03 --
16887-00-6 CHLORIDE 6.70E+01 6.70E+01 mg/kg HS-35 1 / 1 - 6.70E+01 --
7440-47-3 CHROMIUM 1.66E+01 2.66E+01 mg/kg OFS-124-3 11 / 11 - 2.12E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.90E+00 J 1.35E+01 mg/kg OFS-124-6 11 / 11 - 1.15E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.09E+01 6.73E+01 mg/kg OFS-124-8 11 / 11 - 4.18E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.11E+04 2.96E+04 mg/kg OFS-124-8 11 / 11 - 2.55E+04 5.50E+04 --
7439-92-1 LEAD 1.29E+01 6.39E+01 mg/kg OFS-124-8 11 / 11 - 3.75E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.81E+03 7.64E+03 mg/kg OFS-124-8 11 / 11 - 6.36E+03 --
7439-96-5 MANGANESE 3.40E+02 6.86E+02 mg/kg OFS-124-8 11 / 11 - 5.50E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 5.60E-02 J 1.70E-01 mg/kg OFS-124-8 7 / 11 0.098 - 0.11 1.18E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.41E+01 2.36E+01 mg/kg OFS-124-8 11 / 11 - 1.86E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.13E+03 J+ 4.13E+03 mg/kg OFS-124-8 11 / 11 - 2.74E+03 --
7782-49-2 SELENIUM 8.90E-01 J- 8.90E-01 J- mg/kg OFS-124-8 0 / 11 3.6 - 8 8.90E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.10E-01 J- 2.90E-01 J- mg/kg OFS-124-9 6 / 11 1 - 2.3 1.94E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.15E+02 J 2.17E+02 J mg/kg OFS-124-8 11 / 11 - 1.73E+02 --
7440-62-2 VANADIUM 3.78E+01 8.23E+01 mg/kg OFS-124-4 11 / 11 - 4.99E+01 3.90E+02 7.80E+01 1.06E+00
7440-66-6 ZINC 6.52E+01 2.86E+02 mg/kg OFS-124-8 11 / 11 - 1.59E+02 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 1.40E-01 J 1.40E-01 J mg/kg HS-35 1 / 1 - 1.40E-01 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 J 3.20E-01 J mg/kg HS-35 1 / 1 - 3.20E-01 3.50E+01 3.90E+01

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-102
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 124

VOLATILES

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.00E-01 J- 5.90E-01 J mg/kg HS-34 3 / 11 2.5 - 4 3.67E-01 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 4.90E+01 4.90E+01 mg/kg HS-34 1 / 1 - 4.90E+01 1.30E+05 --
14808-79-8 SULFATE 3.40E+01 3.40E+01 mg/kg HS-34 1 / 1 - 3.40E+01 --

METALS
7429-90-5 ALUMINUM 3.31E+03 2.40E+04 mg/kg HS-34 11 / 11 - 1.11E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.80E-01 J 3.80E+00 J mg/kg HS-34 11 / 11 - 1.29E+00 3.10E+01 --
7440-38-2 ARSENIC 8.10E+00 3.45E+01 mg/kg HS-34 11 / 11 - 1.67E+01 3.90E-01 8.85E+01 1.00E+01 3.45E+00
7440-39-3 BARIUM 5.26E+01 2.20E+02 mg/kg OFS-125-6 11 / 11 - 1.28E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.20E-01 J 7.20E-01 J mg/kg HS-34 11 / 11 - 5.71E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.80E-01 2.70E+00 mg/kg OFS-125-6 10 / 11 1.1 - 1.1 1.43E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.37E+03 5.96E+04 mg/kg OFS-125-1 11 / 11 - 2.29E+04 --
16887-00-6 CHLORIDE 7.90E+00 J 7.90E+00 J mg/kg HS-34 1 / 1 - 7.90E+00 --
7440-47-3 CHROMIUM 7.50E+00 J 2.81E+01 J mg/kg OFS-125-6 11 / 11 - 1.75E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 2.80E+00 J 1.35E+01 mg/kg OFS-125-6 11 / 11 - 7.92E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 5.50E+00 J 9.44E+01 J mg/kg OFS-125-6 11 / 11 - 3.40E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.01E+04 J 2.99E+04 J mg/kg OFS-125-6 11 / 11 - 1.92E+04 5.50E+04 --
7439-92-1 LEAD 4.80E+00 6.83E+01 mg/kg OFS-125-6 11 / 11 - 2.77E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 1.61E+03 8.14E+03 mg/kg HS-34 11 / 11 - 4.62E+03 --
7439-96-5 MANGANESE 2.09E+02 J 6.89E+02 J mg/kg OFS-125-6 11 / 11 - 4.65E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.50E-02 J 1.50E-01 mg/kg HS-34 7 / 11 0.024 - 0.1 8.98E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.80E+00 2.25E+01 mg/kg OFS-125-6 11 / 11 - 1.26E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 9.30E+02 4.70E+03 mg/kg HS-34 11 / 11 - 2.57E+03 --
7782-49-2 SELENIUM 6.80E-01 J 9.70E-01 J mg/kg OFS-125-8 1 / 11 3.4 - 7.9 8.25E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.50E-01 J- 7.10E-01 J- mg/kg OFS-125-7 3 / 11 0.98 - 2.3 3.48E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.38E+01 J 4.11E+02 J mg/kg OFS-125-7 11 / 11 - 1.93E+02 --
7440-62-2 VANADIUM 1.79E+01 5.22E+01 mg/kg OFS-125-6 11 / 11 - 3.51E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 2.91E+01 J 2.50E+02 J mg/kg OFS-125-6 11 / 11 - 1.16E+02 2.30E+04 2.30E+04

98-86-2 ACETOPHENONE 2.00E-01 J 2.00E-01 J mg/kg HS-34 1 / 1 - 2.00E-01 7.80E+03 --

117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE 2.10E-01 J 2.10E-01 J mg/kg HS-34 1 / 1 - 2.10E-01 3.50E+01 3.90E+01

120-12-7 ANTHRACENE 4.10E-02 J 4.10E-02 J mg/kg HS-34 1 / 1 - 4.10E-02 1.70E+04 2.20E+04
205-99-2 BENZO(B)FLUORANTHENE 1.20E-01 J 1.20E-01 J mg/kg HS-34 1 / 1 - 1.20E-01 1.50E-01 6.90E-01
207-08-9 BENZO(K)FLUORANTHENE 6.10E-02 J 6.10E-02 J mg/kg HS-34 1 / 1 - 6.10E-02 1.50E+00 6.90E+00
218-01-9 CHRYSENE 2.40E-01 J 2.40E-01 J mg/kg HS-34 1 / 1 - 2.40E-01 1.50E+01 6.80E+01
206-44-0 FLUORANTHENE 4.90E-01 4.90E-01 mg/kg HS-34 1 / 1 - 4.90E-01 2.30E+03 2.30E+03
85-01-8 PHENANTHRENE 2.80E-01 J 2.80E-01 J mg/kg HS-34 1 / 1 - 2.80E-01 1.70E+04 1.80E+04
129-00-0 PYRENE 4.30E-01 4.30E-01 mg/kg HS-34 1 / 1 - 4.30E-01 1.70E+03 2.30E+03

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-103
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 125

VOLATILES

PAHS

SEMIVOLATILES
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.60E-01 J 3.20E-01 J mg/kg OFS-126-5 2 / 10 2.5 - 2.7 2.40E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.14E+04 3.16E+04 mg/kg OFS-126-4 10 / 10 - 2.46E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.50E+00 J 2.60E+00 J mg/kg OFS-126-5 5 / 10 1.5 - 2.8 1.94E+00 3.10E+01 --
7440-38-2 ARSENIC 2.09E+01 8.49E+01 mg/kg OFS-126-4 10 / 10 - 5.40E+01 3.90E-01 2.18E+02 1.00E+01 8.49E+00
7440-39-3 BARIUM 1.23E+02 1.65E+02 mg/kg OFS-126-3 10 / 10 - 1.42E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-01 J 5.10E-01 J mg/kg OFS-126-9 10 / 10 - 3.75E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.20E+00 7.70E+00 mg/kg OFS-126-4 10 / 10 - 5.52E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.51E+03 1.28E+04 mg/kg OFS-126-8 10 / 10 - 6.72E+03 --
7440-47-3 CHROMIUM 2.40E+01 6.64E+01 J mg/kg OFS-126-1 10 / 10 - 4.84E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.30E+01 3.90E+01 mg/kg OFS-126-4 10 / 10 - 2.88E+01 2.30E+01 1.70E+00 9.00E+02
7440-50-8 COPPER 5.89E+01 1.77E+02 mg/kg OFS-126-5 10 / 10 - 1.12E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.77E+04 8.95E+04 J mg/kg OFS-126-4 10 / 10 - 6.76E+04 5.50E+04 1.63E+00 --
7439-92-1 LEAD 1.01E+01 7.01E+01 mg/kg OFS-126-5 10 / 10 - 3.45E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.55E+03 2.18E+04 mg/kg OFS-126-4 10 / 10 - 1.63E+04 --
7439-96-5 MANGANESE 6.20E+02 1.43E+03 J mg/kg OFS-126-4 10 / 10 - 1.15E+03 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.50E-02 J 5.70E-02 J mg/kg OFS-126-8 4 / 10 0.024 - 0.11 4.60E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.68E+01 4.85E+01 mg/kg OFS-126-1 10 / 10 - 3.51E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.23E+03 4.27E+03 mg/kg OFS-126-8 10 / 10 - 3.29E+03 --
7440-22-4 SILVER 1.90E-01 J- 8.20E-01 J- mg/kg OFS-126-6 10 / 10 - 5.16E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.54E+01 J 2.61E+02 J mg/kg OFS-126-1 10 / 10 - 1.14E+02 --
7440-28-0 THALLIUM 5.80E-01 J 1.20E+00 J mg/kg OFS-126-4 2 / 10 2.5 - 2.7 7.93E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 6.18E+01 2.63E+02 mg/kg OFS-126-4 10 / 10 - 1.72E+02 3.90E+02 7.80E+01 3.37E+00
7440-66-6 ZINC 7.88E+01 2.11E+02 mg/kg OFS-126-5 10 / 10 - 1.45E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-104
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 126
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.90E-02 J 3.80E-01 J mg/kg OFS-127-8 10 / 10 - 1.87E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.07E+04 1.45E+04 mg/kg OFS-127-1 10 / 10 - 1.27E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.20E-01 J 2.50E+00 J mg/kg OFS-127-6 10 / 10 - 1.10E+00 3.10E+01 --
7440-38-2 ARSENIC 1.08E+01 3.13E+02 mg/kg OFS-127-6 10 / 10 - 7.04E+01 3.90E-01 8.03E+02 1.00E+01 3.13E+01
7440-39-3 BARIUM 1.22E+02 2.79E+02 mg/kg OFS-127-9 10 / 10 - 2.11E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.50E-01 J 4.70E-01 J mg/kg OFS-127-9 1 / 10 0.18 - 0.47 4.10E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.80E-02 J 1.50E+00 mg/kg OFS-127-8 9 / 10 0.54 - 0.54 4.75E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.70E+03 1.85E+04 mg/kg OFS-127-9 10 / 10 - 1.12E+04 --
7440-47-3 CHROMIUM 1.52E+01 1.83E+01 mg/kg OFS-127-5 10 / 10 - 1.68E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.30E+00 1.26E+01 mg/kg OFS-127-7 10 / 10 - 1.14E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.87E+01 1.99E+02 mg/kg OFS-127-5 10 / 10 - 8.50E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.70E+04 3.44E+04 mg/kg OFS-127-6 10 / 10 - 2.26E+04 5.50E+04 --
7439-92-1 LEAD 2.07E+01 4.09E+02 mg/kg OFS-127-6 10 / 10 - 1.13E+02 4.00E+02 1.02E+00 4.00E+02 1.02E+00
7439-95-4 MAGNESIUM 4.46E+03 6.20E+03 mg/kg OFS-127-9 10 / 10 - 5.43E+03 --
7439-96-5 MANGANESE 3.49E+02 7.23E+02 mg/kg OFS-127-1 10 / 10 - 5.83E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.10E-02 J 3.60E+00 mg/kg OFS-127-6 8 / 10 0.1 - 0.11 7.52E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.29E+01 3.31E+01 mg/kg OFS-127-9 10 / 10 - 2.45E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.50E+03 4.11E+03 mg/kg OFS-127-5 10 / 10 - 3.23E+03 --
7782-49-2 SELENIUM 2.30E+00 J- 3.10E+00 J- mg/kg OFS-127-6 2 / 10 3.5 - 3.8 2.70E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.30E-01 J 2.60E+00 mg/kg OFS-127-6 9 / 10 1.1 - 1.1 7.03E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.53E+02 J 2.68E+02 J mg/kg OFS-127-9 10 / 10 - 1.99E+02 --
7440-28-0 THALLIUM 6.50E-01 J 8.80E-01 J mg/kg OFS-127-8 2 / 10 2.5 - 2.7 7.65E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.18E+01 4.63E+01 mg/kg OFS-127-8 10 / 10 - 3.75E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.72E+01 7.10E+02 mg/kg OFS-127-8 10 / 10 - 2.46E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-105
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 127
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.20E-01 J 4.20E-01 J mg/kg OFS-128-3 10 / 10 - 2.21E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 7.53E+03 1.51E+04 mg/kg OFS-128-1 10 / 10 - 1.19E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.10E-01 J 4.00E+00 J mg/kg OFS-128-5 10 / 10 - 1.36E+00 3.10E+01 --
7440-38-2 ARSENIC 7.10E+00 6.33E+02 mg/kg OFS-128-5 10 / 10 - 1.14E+02 3.90E-01 1.62E+03 1.00E+01 6.33E+01
7440-39-3 BARIUM 6.40E+01 2.92E+02 mg/kg OFS-128-1 10 / 10 - 2.04E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 8.90E-02 J 5.20E-01 J mg/kg OFS-128-1 10 / 10 - 3.22E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 6.40E-02 J 3.10E+00 J mg/kg OFS-128-3 8 / 10 0.51 - 0.55 1.07E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.82E+03 2.46E+04 mg/kg OFS-128-1 10 / 10 - 1.15E+04 --
7440-47-3 CHROMIUM 9.10E+00 2.12E+01 mg/kg OFS-128-1 10 / 10 - 1.59E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.20E+00 1.30E+01 mg/kg OFS-128-4 10 / 10 - 1.07E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.44E+01 1.58E+02 mg/kg OFS-128-9 10 / 10 - 8.90E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.65E+04 4.65E+04 mg/kg OFS-128-5 10 / 10 - 2.35E+04 5.50E+04 --
7439-92-1 LEAD 1.47E+01 8.71E+02 mg/kg OFS-128-5 10 / 10 - 1.76E+02 4.00E+02 2.18E+00 4.00E+02 2.18E+00
7439-95-4 MAGNESIUM 3.49E+03 6.02E+03 mg/kg OFS-128-1 10 / 10 - 5.12E+03 --
7439-96-5 MANGANESE 2.34E+02 1.04E+03 mg/kg OFS-128-7 10 / 10 - 6.58E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 5.20E-02 J 7.10E+00 mg/kg OFS-128-5 8 / 10 0.1 - 0.11 1.29E+00 6.70E+00 1.06E+00 2.30E+01
7440-02-0 NICKEL 9.30E+00 3.49E+01 mg/kg OFS-128-1 10 / 10 - 2.14E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.70E+03 4.20E+03 mg/kg OFS-128-9 10 / 10 - 3.20E+03 --
7782-49-2 SELENIUM 6.00E-01 J- 8.00E+00 J- mg/kg OFS-128-5 3 / 10 3.4 - 3.9 2.77E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 2.40E-01 J 5.90E+00 mg/kg OFS-128-5 7 / 10 1 - 1.1 1.45E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.71E+02 J 4.24E+02 J mg/kg OFS-128-1 10 / 10 - 2.40E+02 --
7440-28-0 THALLIUM 4.60E-01 J 1.10E+00 J mg/kg OFS-128-5 4 / 10 2.5 - 2.8 6.73E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.98E+01 4.92E+01 mg/kg OFS-128-5 10 / 10 - 3.67E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.25E+01 7.90E+02 mg/kg OFS-128-5 10 / 10 - 3.70E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-106
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 128
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 8.80E-02 J 3.60E-01 J mg/kg OFS-129-6 9 / 10 2.5 - 2.5 2.00E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 7.34E+03 1.80E+04 mg/kg OFS-129-7 10 / 10 - 1.36E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.00E-01 J 9.80E-01 J mg/kg OFS-129-7 10 / 10 - 6.89E-01 3.10E+01 --
7440-38-2 ARSENIC 1.12E+01 3.46E+01 mg/kg OFS-129-9 10 / 10 - 2.26E+01 3.90E-01 8.87E+01 1.00E+01 3.46E+00
7440-39-3 BARIUM 7.45E+01 2.30E+02 mg/kg OFS-129-6 10 / 10 - 1.64E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.30E-01 J 4.40E-01 J mg/kg OFS-129-7 10 / 10 - 3.11E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E-01 J 7.00E-01 J mg/kg OFS-129-9 8 / 10 0.5 - 0.57 4.09E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.92E+03 1.61E+04 mg/kg OFS-129-7 10 / 10 - 8.21E+03 --
7440-47-3 CHROMIUM 8.10E+00 3.03E+01 mg/kg OFS-129-7 10 / 10 - 2.23E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.60E+00 1.71E+01 mg/kg OFS-129-7 10 / 10 - 1.30E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.05E+01 2.51E+02 mg/kg OFS-129-9 10 / 10 - 1.44E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.40E+04 3.03E+04 mg/kg OFS-129-9 10 / 10 - 2.32E+04 5.50E+04 --
7439-92-1 LEAD 1.13E+01 1.01E+02 mg/kg OFS-129-6 10 / 10 - 4.28E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.43E+03 8.71E+03 mg/kg OFS-129-7 10 / 10 - 6.07E+03 --
7439-96-5 MANGANESE 4.79E+02 1.47E+03 mg/kg OFS-129-8 10 / 10 - 9.68E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.80E-02 J 1.30E-01 mg/kg OFS-129-9 6 / 10 0.097 - 0.11 1.03E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 8.60E+00 3.53E+01 mg/kg OFS-129-7 10 / 10 - 2.31E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.76E+03 5.54E+03 mg/kg OFS-129-7 10 / 10 - 3.38E+03 --
7440-22-4 SILVER 2.30E-01 J 1.50E+00 mg/kg OFS-129-2 7 / 10 1 - 1.1 5.10E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.07E+02 J 7.75E+02 mg/kg OFS-129-7 2 / 10 158 - 261 5.41E+02 --
7440-62-2 VANADIUM 2.94E+01 5.60E+01 mg/kg OFS-129-9 10 / 10 - 4.22E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.23E+01 1.88E+02 mg/kg OFS-129-2 10 / 10 - 1.37E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-107
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 129
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.20E-01 J 7.70E-01 J mg/kg OFS-130-2 10 / 10 - 2.79E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 8.03E+03 1.31E+04 mg/kg OFS-130-7 10 / 10 - 1.13E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.40E+00 J 1.80E+00 J mg/kg OFS-130-3 10 / 10 - 1.49E+00 3.10E+01 --
7440-38-2 ARSENIC 1.39E+01 2.43E+01 J mg/kg OFS-130-3 10 / 10 - 1.72E+01 3.90E-01 6.23E+01 1.00E+01 2.43E+00
7440-39-3 BARIUM 1.50E+02 5.91E+02 J- mg/kg OFS-130-1 10 / 10 - 2.18E+02 1.50E+04 1.50E+04
7440-39-3 BARIUM 1.50E+02 J- 5.91E+02 J- mg/kg OFS-130-1 10 / 10 - 2.18E+02 1.50E+04 1.50E+04
7440-43-9 CADMIUM 3.60E-01 J 1.20E+00 mg/kg OFS-130-3 10 / 10 - 7.10E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.71E+03 8.15E+03 mg/kg OFS-130-4 10 / 10 - 6.06E+03 --
7440-47-3 CHROMIUM 1.42E+01 2.29E+01 mg/kg OFS-130-1 10 / 10 - 1.90E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 9.40E+00 J 1.36E+01 mg/kg OFS-130-1 10 / 10 - 1.10E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 6.51E+01 1.57E+02 J mg/kg OFS-130-3 10 / 10 - 9.47E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.64E+04 2.13E+04 mg/kg OFS-130-1 10 / 10 - 1.94E+04 5.50E+04 --
7439-92-1 LEAD 1.86E+01 6.58E+01 J mg/kg OFS-130-3 10 / 10 - 4.06E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.71E+03 6.29E+03 mg/kg OFS-130-4 10 / 10 - 5.23E+03 --
7439-96-5 MANGANESE 7.34E+02 4.58E+03 mg/kg OFS-130-1 10 / 10 - 1.47E+03 1.80E+03 2.54E+00 3.30E+03 1.39E+00
7439-97-6 MERCURY 5.70E-02 J 1.70E-01 mg/kg OFS-130-5 8 / 10 0.045 - 0.1 9.59E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.61E+01 2.52E+01 mg/kg OFS-130-7 10 / 10 - 2.04E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.59E+03 5.33E+03 mg/kg OFS-130-1 10 / 10 - 3.72E+03 --
7782-49-2 SELENIUM 1.00E+00 J 1.40E+00 J mg/kg OFS-130-1 8 / 10 3.4 - 3.4 1.23E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 7.40E-02 J 4.30E-01 J mg/kg OFS-130-3 7 / 10 0.97 - 1 2.16E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.36E+01 J 1.53E+02 J mg/kg OFS-130-1 10 / 10 - 1.01E+02 --
7440-28-0 THALLIUM 4.10E-01 J 4.10E-01 J mg/kg OFS-130-3 0 / 10 0.36 - 2.5 4.10E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.80E+01 3.94E+01 mg/kg OFS-130-1 10 / 10 - 3.46E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 8.86E+01 2.56E+02 mg/kg OFS-130-3 10 / 10 - 1.53E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-108
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 130
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.20E-01 J 1.10E+00 J mg/kg OFS-131-8 10 / 10 - 4.67E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 6.82E+03 1.66E+04 mg/kg OFS-131-9 10 / 10 - 1.24E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.20E-01 J 6.00E+00 mg/kg OFS-131-1 10 / 10 - 5.52E+00 3.10E+01 --
7440-38-2 ARSENIC 8.20E+00 4.16E+01 mg/kg OFS-131-6 10 / 10 - 1.87E+01 3.90E-01 1.07E+02 1.00E+01 4.16E+00
7440-39-3 BARIUM 6.44E+01 J 2.30E+02 J mg/kg OFS-131-8 10 / 10 - 1.70E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.70E-02 J 8.60E-01 J mg/kg OFS-131-5 7 / 10 0.49 - 0.5 2.26E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.10E-01 1.00E+00 mg/kg OFS-131-3 8 / 10 0.49 - 0.5 6.33E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.22E+03 7.09E+03 mg/kg OFS-131-8 10 / 10 - 4.83E+03 --
7440-47-3 CHROMIUM 1.33E+01 3.09E+01 mg/kg OFS-131-6 10 / 10 - 2.39E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.30E+00 1.62E+01 mg/kg OFS-131-1 10 / 10 - 1.27E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 4.48E+01 J 3.51E+02 J mg/kg OFS-131-6 10 / 10 - 1.38E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.49E+04 J 2.64E+04 mg/kg OFS-131-9 10 / 10 - 2.20E+04 5.50E+04 --
7439-89-6 IRON 1.49E+04 J 2.64E+04 J mg/kg OFS-131-6 10 / 10 - 2.20E+04 5.50E+04 --
7439-92-1 LEAD 1.23E+01 6.36E+01 mg/kg OFS-131-3 10 / 10 - 3.68E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.29E+03 6.83E+03 mg/kg OFS-131-6 10 / 10 - 5.36E+03 --
7439-96-5 MANGANESE 3.83E+02 J 1.82E+03 J mg/kg OFS-131-8 10 / 10 - 1.17E+03 1.80E+03 1.01E+00 3.30E+03
7439-97-6 MERCURY 4.40E-02 J 2.40E-01 mg/kg OFS-131-3 8 / 10 0.096 - 0.1 9.17E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.12E+01 3.64E+01 mg/kg OFS-131-1 10 / 10 - 2.74E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.06E+03 4.87E+03 mg/kg OFS-131-1 10 / 10 - 3.58E+03 --
7782-49-2 SELENIUM 4.70E-01 J- 1.50E+00 J- mg/kg OFS-131-6 10 / 10 3.5 - 3.5 1.01E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 7.40E-02 J 4.90E-01 J mg/kg OFS-131-9 7 / 10 0.97 - 0.99 2.52E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 9.25E+01 J 5.00E+02 mg/kg OFS-131-1 10 / 10 - 2.00E+02 --
7440-28-0 THALLIUM 2.50E+00 2.50E+00 mg/kg OFS-131-2 3 / 10 2.4 - 2.6 2.50E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.28E+01 4.82E+01 mg/kg OFS-131-6 10 / 10 - 4.12E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.17E+01 3.35E+02 mg/kg OFS-131-4 10 / 10 - 1.89E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-109
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 131
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.70E-02 J 1.90E-01 J mg/kg OFS-132-9 3 / 10 2.5 - 2.7 1.39E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.11E+04 1.74E+04 mg/kg OFS-132-7 10 / 10 - 1.48E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 8.00E-01 J 1.96E+01 J mg/kg OFS-132-1 10 / 10 - 3.70E+00 3.10E+01 --
7440-38-2 ARSENIC 2.35E+01 1.76E+02 mg/kg OFS-132-7 10 / 10 - 9.78E+01 3.90E-01 4.51E+02 1.00E+01 1.76E+01
7440-39-3 BARIUM 1.56E+02 J 2.54E+02 mg/kg OFS-132-7 10 / 10 - 2.10E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.90E-01 J 3.90E-01 J mg/kg OFS-132-6 9 / 10 0.19 - 0.29 3.49E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E+00 J 4.57E+01 mg/kg OFS-132-1 10 / 10 - 9.42E+00 7.00E+01 3.90E+01 1.17E+00
7440-70-2 CALCIUM 6.43E+03 2.65E+04 mg/kg OFS-132-2 10 / 10 - 1.25E+04 --
7440-47-3 CHROMIUM 1.52E+01 2.21E+01 J mg/kg OFS-132-7 10 / 10 - 1.87E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.02E+01 1.45E+01 mg/kg OFS-132-7 10 / 10 - 1.26E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.87E+02 J 1.52E+03 mg/kg OFS-132-7 10 / 10 - 8.44E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.85E+04 3.05E+04 mg/kg OFS-132-8 10 / 10 - 2.48E+04 5.50E+04 --
7439-92-1 LEAD 8.85E+01 4.09E+03 mg/kg OFS-132-1 10 / 10 - 8.95E+02 4.00E+02 1.02E+01 4.00E+02 1.02E+01
7439-95-4 MAGNESIUM 5.07E+03 7.03E+03 mg/kg OFS-132-8 10 / 10 - 6.21E+03 --
7439-96-5 MANGANESE 5.11E+02 6.57E+02 mg/kg OFS-132-7 10 / 10 - 5.55E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.10E-01 J+ 6.90E+00 mg/kg OFS-132-7 10 / 10 - 2.52E+00 6.70E+00 1.03E+00 2.30E+01
7440-02-0 NICKEL 1.66E+01 2.89E+01 mg/kg OFS-132-7 10 / 10 - 2.26E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.67E+03 2.80E+03 mg/kg OFS-132-3 10 / 10 - 2.13E+03 --
7782-49-2 SELENIUM 1.30E+00 J 4.92E+01 mg/kg OFS-132-1 8 / 10 3.3 - 3.4 9.13E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 5.60E-01 J 1.05E+01 mg/kg OFS-132-1 10 / 10 - 4.91E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.49E+02 J 2.82E+02 J mg/kg OFS-132-8 9 / 10 138 - 300 2.27E+02 --
7440-28-0 THALLIUM 7.50E-01 J 7.50E-01 J mg/kg OFS-132-1 0 / 10 1.6 - 2.6 7.50E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.93E+01 4.19E+01 mg/kg OFS-132-8 10 / 10 - 3.65E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 3.10E+02 J 3.87E+03 mg/kg OFS-132-7 10 / 10 - 1.66E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-110
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 132
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 8.80E-02 J 2.00E+00 J mg/kg OFS-133-5 7 / 10 2.5 - 2.5 6.39E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.39E+04 1.66E+04 mg/kg OFS-133-8 10 / 10 - 1.54E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.50E+00 J 1.10E+01 J mg/kg OFS-133-4 10 / 10 - 4.59E+00 3.10E+01 --
7440-38-2 ARSENIC 2.07E+01 6.79E+02 mg/kg OFS-133-6 10 / 10 - 2.30E+02 3.90E-01 1.74E+03 1.00E+01 6.79E+01
7440-39-3 BARIUM 1.80E+02 2.27E+02 mg/kg OFS-133-2 10 / 10 - 1.99E+02 1.50E+04 1.50E+04
7440-43-9 CADMIUM 5.30E-01 1.26E+01 mg/kg OFS-133-9 10 / 10 - 6.41E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.33E+03 2.76E+04 mg/kg OFS-133-1 10 / 10 - 1.38E+04 --
7440-47-3 CHROMIUM 1.81E+01 2.23E+01 mg/kg OFS-133-1 10 / 10 - 1.99E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.90E+00 3.65E+01 mg/kg OFS-133-3 10 / 10 - 1.39E+01 2.30E+01 1.59E+00 9.00E+02
7440-50-8 COPPER 4.87E+01 1.64E+03 mg/kg OFS-133-3 10 / 10 - 3.53E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.97E+04 4.43E+04 mg/kg OFS-133-6 10 / 10 - 2.94E+04 5.50E+04 --
7439-92-1 LEAD 6.63E+01 3.13E+03 mg/kg OFS-133-6 10 / 10 - 9.73E+02 4.00E+02 7.83E+00 4.00E+02 7.83E+00
7439-95-4 MAGNESIUM 5.40E+03 7.73E+03 mg/kg OFS-133-7 10 / 10 - 6.75E+03 --
7439-96-5 MANGANESE 3.81E+02 8.39E+02 mg/kg OFS-133-7 10 / 10 - 5.73E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 8.90E-02 J 1.87E+01 mg/kg OFS-133-6 10 / 10 - 4.97E+00 6.70E+00 2.79E+00 2.30E+01
7440-02-0 NICKEL 1.72E+01 2.71E+01 mg/kg OFS-133-1 10 / 10 - 2.29E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.02E+03 4.77E+03 mg/kg OFS-133-5 10 / 10 - 2.74E+03 --
7782-49-2 SELENIUM 1.60E+00 J 1.97E+01 mg/kg OFS-133-6 10 / 10 - 6.95E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 3.00E-01 J 2.11E+01 mg/kg OFS-133-6 10 / 10 - 6.56E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 5.58E+02 7.11E+02 mg/kg OFS-133-5 2 / 10 97.9 - 404 6.35E+02 --
7440-28-0 THALLIUM 9.90E-01 J 3.60E+00 mg/kg OFS-133-6 4 / 10 0.59 - 2.1 2.02E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.30E+01 4.30E+01 mg/kg OFS-133-9 10 / 10 - 3.81E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 3.11E+02 3.06E+03 mg/kg OFS-133-7 10 / 10 - 1.97E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-111
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 133
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.30E-02 J 1.40E-01 J mg/kg OFS-134-4 5 / 10 2.4 - 2.5 1.13E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 7.16E+03 1.35E+04 mg/kg OFS-134-6 10 / 10 - 1.12E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 1.50E+00 J mg/kg OFS-134-5 10 / 10 - 1.39E+00 3.10E+01 --
7440-38-2 ARSENIC 1.27E+01 4.72E+01 mg/kg OFS-134-5 10 / 10 - 2.22E+01 3.90E-01 1.21E+02 1.00E+01 4.72E+00
7440-39-3 BARIUM 8.56E+01 1.46E+02 mg/kg OFS-134-6 10 / 10 - 1.22E+02 1.50E+04 1.50E+04
7440-43-9 CADMIUM 1.60E-01 J 6.30E-01 mg/kg OFS-134-6 4 / 10 0.091 - 0.34 3.50E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.65E+03 1.22E+04 mg/kg OFS-134-7 10 / 10 - 7.69E+03 --
7440-47-3 CHROMIUM 8.80E+00 1.59E+01 mg/kg OFS-134-6 10 / 10 - 1.32E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.00E+00 9.60E+00 mg/kg OFS-134-7 10 / 10 - 8.09E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 3.45E+01 8.98E+01 mg/kg OFS-134-5 10 / 10 - 4.78E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.27E+04 2.05E+04 mg/kg OFS-134-6 10 / 10 - 1.83E+04 5.50E+04 --
7439-92-1 LEAD 2.17E+01 6.73E+01 mg/kg OFS-134-6 10 / 10 - 3.68E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.53E+03 6.41E+03 mg/kg OFS-134-6 10 / 10 - 5.03E+03 --
7439-96-5 MANGANESE 3.74E+02 5.39E+02 mg/kg OFS-134-8 10 / 10 - 4.85E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 7.10E-02 J 4.30E-01 mg/kg OFS-134-5 9 / 10 0.097 - 0.1 1.75E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.00E+01 1.66E+01 mg/kg OFS-134-6 10 / 10 - 1.38E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.78E+03 3.05E+03 mg/kg OFS-134-6 10 / 10 - 2.45E+03 --
7782-49-2 SELENIUM 7.10E-01 J 1.30E+00 J mg/kg OFS-134-5 10 / 10 - 1.02E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 6.90E-02 J 2.30E-01 J mg/kg OFS-134-5 6 / 10 0.96 - 1 1.31E-01 3.90E+02 3.90E+02
7440-28-0 THALLIUM 5.50E-01 J 1.30E+00 J mg/kg OFS-134-6 7 / 10 0.74 - 2.5 8.11E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.20E+01 3.50E+01 mg/kg OFS-134-2 10 / 10 - 2.98E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.84E+01 2.54E+02 mg/kg OFS-134-6 10 / 10 - 1.34E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-112
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 134
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.50E-01 J 4.40E-01 J mg/kg OFS-135-1 8 / 10 2.4 - 2.5 2.48E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.71E+03 2.08E+04 mg/kg OFS-135-5 10 / 10 - 1.45E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 4.70E-01 J 1.60E+00 J mg/kg OFS-135-4 5 / 10 1 - 2.5 1.33E+00 3.10E+01 --
7440-38-2 ARSENIC 4.10E+00 7.35E+01 mg/kg OFS-135-9 10 / 10 - 2.67E+01 3.90E-01 1.88E+02 1.00E+01 7.35E+00
7440-39-3 BARIUM 8.55E+01 3.18E+02 mg/kg OFS-135-4 10 / 10 - 1.55E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.70E-02 J 2.10E-01 J mg/kg OFS-135-1 3 / 10 0.13 - 0.5 1.11E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.80E-01 J 3.00E+00 mg/kg OFS-135-9 10 / 10 0.5 - 0.5 9.43E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.21E+03 1.17E+04 mg/kg OFS-135-2 10 / 10 - 6.91E+03 --
7440-47-3 CHROMIUM 1.15E+01 4.33E+01 mg/kg OFS-135-1 10 / 10 - 2.59E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.80E+00 1.70E+01 mg/kg OFS-135-5 10 / 10 - 1.20E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 5.44E+01 2.59E+02 mg/kg OFS-135-4 10 / 10 - 1.11E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.73E+04 3.27E+04 mg/kg OFS-135-5 10 / 10 - 2.37E+04 5.50E+04 --
7439-92-1 LEAD 9.60E+00 2.78E+02 mg/kg OFS-135-9 10 / 10 - 6.47E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.37E+03 8.08E+03 mg/kg OFS-135-5 10 / 10 - 5.99E+03 --
7439-96-5 MANGANESE 3.93E+02 1.93E+03 mg/kg OFS-135-4 10 / 10 - 8.62E+02 1.80E+03 1.07E+00 3.30E+03
7439-97-6 MERCURY 5.40E-02 J 8.50E-01 mg/kg OFS-135-9 9 / 10 0.1 - 0.1 2.02E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 7.90E+00 6.36E+01 mg/kg OFS-135-1 10 / 10 - 2.73E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 9.79E+02 3.93E+03 mg/kg OFS-135-4 10 / 10 - 2.88E+03 --
7782-49-2 SELENIUM 9.90E-01 J 2.30E+00 J mg/kg OFS-135-9 10 / 10 3.5 - 3.5 1.49E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 6.50E-02 J 1.50E+00 mg/kg OFS-135-9 9 / 10 0.99 - 0.99 3.83E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 4.48E+01 J 3.45E+02 J mg/kg OFS-135-1 5 / 10 206 - 263 1.26E+02 --
7440-62-2 VANADIUM 3.06E+01 5.72E+01 mg/kg OFS-135-5 10 / 10 - 4.40E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 7.80E+01 8.57E+02 mg/kg OFS-135-9 10 / 10 - 2.48E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-113
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 135
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.80E-01 J 5.10E-01 J mg/kg OFS-136-4 9 / 9 - 3.39E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.15E+04 2.06E+04 mg/kg OFS-136-7 9 / 9 - 1.43E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.40E+00 J 1.90E+00 J mg/kg OFS-136-9 2 / 9 1.4 - 2.5 1.63E+00 3.10E+01 --
7440-38-2 ARSENIC 1.00E+01 J 4.01E+01 mg/kg OFS-136-1 9 / 9 - 2.60E+01 3.90E-01 1.03E+02 1.00E+01 4.01E+00
7440-39-3 BARIUM 1.75E+02 3.27E+02 mg/kg OFS-136-2 9 / 9 - 2.45E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.20E-02 J 3.80E-01 J mg/kg OFS-136-2 2 / 9 0.12 - 0.5 2.44E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 3.60E-01 J 3.10E+00 mg/kg OFS-136-3 9 / 9 - 1.65E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.80E+03 6.52E+03 mg/kg OFS-136-7 9 / 9 - 3.79E+03 --
7440-47-3 CHROMIUM 2.32E+01 3.49E+01 mg/kg OFS-136-7 9 / 9 - 2.88E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.19E+01 1.80E+01 mg/kg OFS-136-1 9 / 9 - 1.59E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 6.46E+01 5.98E+02 mg/kg OFS-136-1 9 / 9 - 3.15E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.12E+04 2.77E+04 mg/kg OFS-136-7 9 / 9 - 2.43E+04 5.50E+04 --
7439-92-1 LEAD 1.29E+01 7.07E+01 mg/kg OFS-136-3 9 / 9 - 4.71E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.57E+03 7.60E+03 mg/kg OFS-136-7 9 / 9 - 5.66E+03 --
7439-96-5 MANGANESE 1.05E+03 2.10E+03 mg/kg OFS-136-2 9 / 9 - 1.65E+03 1.80E+03 1.17E+00 3.30E+03
7439-97-6 MERCURY 5.90E-02 J 3.30E+00 mg/kg OFS-136-7 6 / 9 0.096 - 0.097 5.69E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.57E+01 4.01E+01 mg/kg OFS-136-8 9 / 9 - 3.19E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.83E+03 4.30E+03 mg/kg OFS-136-9 9 / 9 - 3.52E+03 --
7782-49-2 SELENIUM 7.30E-01 J 1.50E+00 J mg/kg OFS-136-1 9 / 9 3.4 - 3.4 1.16E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 2.10E-01 J 5.80E-01 J mg/kg OFS-136-1 8 / 9 0.99 - 0.99 3.41E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.48E+01 J 1.67E+02 J mg/kg OFS-136-2 9 / 9 - 1.01E+02 --
7440-62-2 VANADIUM 3.73E+01 5.07E+01 mg/kg OFS-136-7 9 / 9 - 4.29E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 8.69E+01 J 3.40E+02 mg/kg OFS-136-3 9 / 9 - 2.00E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-114
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 136
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.10E-01 J 2.10E-01 J mg/kg OFS-137-4 9 / 10 2.6 - 2.6 1.42E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.00E+04 1.29E+04 mg/kg OFS-137-2 10 / 10 - 1.14E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 6.50E-01 J 1.70E+00 J mg/kg OFS-137-1 10 / 10 - 1.42E+00 3.10E+01 --
7440-38-2 ARSENIC 8.90E+00 J 1.96E+01 mg/kg OFS-137-2 10 / 10 - 1.56E+01 3.90E-01 5.03E+01 1.00E+01 1.96E+00
7440-39-3 BARIUM 1.27E+02 2.00E+02 J mg/kg OFS-137-7 10 / 10 - 1.50E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.70E-02 J 2.80E-01 J mg/kg OFS-137-1 2 / 10 0.073 - 0.2 1.42E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 8.40E-02 J 8.60E-01 mg/kg OFS-137-7 9 / 10 0.25 - 0.25 4.54E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.94E+03 1.69E+04 mg/kg OFS-137-7 10 / 10 - 7.84E+03 --
7440-47-3 CHROMIUM 1.25E+01 1.65E+01 mg/kg OFS-137-2 10 / 10 - 1.47E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.40E+00 9.90E+00 mg/kg OFS-137-2 10 / 10 - 8.90E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 3.48E+01 6.74E+01 mg/kg OFS-137-1 10 / 10 - 5.65E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.73E+04 2.38E+04 mg/kg OFS-137-2 10 / 10 - 1.92E+04 5.50E+04 --
7439-92-1 LEAD 1.18E+01 9.38E+01 mg/kg OFS-137-9 10 / 10 - 4.97E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.68E+03 5.58E+03 mg/kg OFS-137-5 10 / 10 - 5.16E+03 --
7439-96-5 MANGANESE 4.74E+02 9.64E+02 mg/kg OFS-137-7 10 / 10 - 5.66E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.90E-02 J 2.30E-01 mg/kg OFS-137-9 9 / 10 0.1 - 0.1 1.17E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.36E+01 1.67E+01 mg/kg OFS-137-5 10 / 10 - 1.47E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.01E+03 4.13E+03 mg/kg OFS-137-4 10 / 10 - 3.10E+03 --
7782-49-2 SELENIUM 6.40E-01 J 1.50E+00 J mg/kg OFS-137-1 10 / 10 3.4 - 3.4 1.18E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 7.50E-02 J 2.20E-01 J mg/kg OFS-137-9 8 / 10 0.98 - 1 1.43E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.75E+01 J 1.83E+02 J mg/kg OFS-137-1 9 / 10 102 - 102 9.90E+01 --
7440-28-0 THALLIUM 4.10E-01 J 1.00E+00 J mg/kg OFS-137-2 3 / 10 2.4 - 2.6 6.53E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.92E+01 3.83E+01 mg/kg OFS-137-2 10 / 10 - 3.17E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 5.16E+01 J 1.93E+02 J mg/kg OFS-137-8 10 / 10 - 1.22E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-115
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 137
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.00E-02 J 2.40E+00 J mg/kg OFS-138-9 8 / 10 2.5 - 2.5 5.91E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 8.87E+03 1.45E+04 mg/kg OFS-138-4 10 / 10 - 1.19E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.80E-01 J 2.20E+00 J mg/kg OFS-138-7 10 / 10 - 1.58E+00 3.10E+01 --
7440-38-2 ARSENIC 1.00E+01 J 7.17E+01 mg/kg OFS-138-9 10 / 10 - 4.11E+01 3.90E-01 1.84E+02 1.00E+01 7.17E+00
7440-39-3 BARIUM 1.05E+02 J 1.79E+02 J mg/kg OFS-138-6 10 / 10 - 1.49E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 8.10E-02 J 4.00E-01 J mg/kg OFS-138-4 9 / 10 0.49 - 0.49 2.04E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.60E-01 J 2.30E+00 mg/kg OFS-138-7 9 / 10 0.52 - 0.52 1.19E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.54E+03 2.39E+04 mg/kg OFS-138-6 10 / 10 - 7.08E+03 --
7440-47-3 CHROMIUM 1.18E+01 3.01E+01 mg/kg OFS-138-1 10 / 10 - 1.65E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.30E+00 1.11E+01 mg/kg OFS-138-6 10 / 10 - 8.73E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 3.93E+01 2.18E+02 mg/kg OFS-138-5 10 / 10 - 1.36E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.62E+04 2.35E+04 mg/kg OFS-138-5 10 / 10 - 1.94E+04 5.50E+04 --
7439-92-1 LEAD 2.27E+01 3.46E+02 mg/kg OFS-138-7 10 / 10 - 1.68E+02 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.72E+03 5.97E+03 mg/kg OFS-138-5 10 / 10 - 4.98E+03 --
7439-96-5 MANGANESE 3.91E+02 5.66E+02 mg/kg OFS-138-6 10 / 10 - 4.62E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 8.80E-02 J 1.20E+00 mg/kg OFS-138-9 10 / 10 - 4.43E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.24E+01 2.61E+01 mg/kg OFS-138-6 10 / 10 - 1.65E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.23E+03 4.06E+03 mg/kg OFS-138-5 10 / 10 - 2.33E+03 --
7782-49-2 SELENIUM 5.90E-01 J- 2.70E+00 J mg/kg OFS-138-7 9 / 10 3.7 - 3.7 1.75E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 6.20E-02 J 2.20E+00 mg/kg OFS-138-7 10 / 10 - 1.08E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 8.33E+01 J 3.90E+02 J mg/kg OFS-138-9 10 / 10 - 1.78E+02 --
7440-28-0 THALLIUM 3.70E-01 J 4.90E-01 J mg/kg OFS-138-5 3 / 10 2.4 - 2.6 4.37E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.59E+01 3.64E+01 mg/kg OFS-138-5 10 / 10 - 3.25E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.07E+02 J 7.12E+02 J mg/kg OFS-138-7 10 / 10 - 3.43E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-116
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 138
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.10E-01 J 2.70E-01 J mg/kg OFS-139-8 9 / 10 2.8 - 2.8 1.92E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 8.89E+03 2.07E+04 mg/kg OFS-139-3 10 / 10 - 1.74E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.50E-01 J 1.10E+00 J mg/kg OFS-139-4 10 / 10 - 7.67E-01 3.10E+01 --
7440-38-2 ARSENIC 1.15E+01 1.89E+01 mg/kg OFS-139-4 10 / 10 - 1.66E+01 3.90E-01 4.85E+01 1.00E+01 1.89E+00
7440-39-3 BARIUM 1.23E+02 3.63E+02 mg/kg OFS-139-4 10 / 10 - 2.66E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 1.90E-01 J 6.10E-01 mg/kg OFS-139-7 10 / 10 - 4.51E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 5.60E-02 J 5.60E-02 J mg/kg OFS-139-9 1 / 10 0.5 - 0.55 5.60E-02 7.00E+01 3.90E+01
7440-70-2 CALCIUM 6.55E+03 3.31E+04 mg/kg OFS-139-3 10 / 10 - 2.07E+04 --
7440-47-3 CHROMIUM 1.59E+01 3.45E+01 mg/kg OFS-139-1 10 / 10 - 2.84E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.70E+00 1.96E+01 mg/kg OFS-139-4 10 / 10 - 1.48E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 5.54E+01 8.29E+01 mg/kg OFS-139-7 10 / 10 - 6.84E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.46E+04 2.69E+04 mg/kg OFS-139-1 10 / 10 - 2.42E+04 5.50E+04 --
7439-92-1 LEAD 1.72E+01 3.62E+01 mg/kg OFS-139-7 10 / 10 - 2.76E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.73E+03 1.08E+04 mg/kg OFS-139-3 10 / 10 - 8.80E+03 --
7439-96-5 MANGANESE 5.06E+02 2.92E+03 mg/kg OFS-139-4 10 / 10 - 1.25E+03 1.80E+03 1.62E+00 3.30E+03
7439-97-6 MERCURY 5.00E-02 J 9.30E-02 J mg/kg OFS-139-1 7 / 10 0.1 - 0.11 6.39E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.06E+01 4.02E+01 mg/kg OFS-139-1 10 / 10 - 3.50E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.12E+03 3.72E+03 mg/kg OFS-139-7 10 / 10 - 2.91E+03 --
7440-22-4 SILVER 6.30E-02 J 6.40E-02 J mg/kg OFS-139-1 2 / 10 0.066 - 1.1 6.35E-02 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.78E+02 J 2.32E+02 J mg/kg OFS-139-9 10 / 10 - 1.96E+02 --
7440-62-2 VANADIUM 2.66E+01 5.50E+01 mg/kg OFS-139-1 10 / 10 - 4.62E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.94E+01 J 2.03E+02 J mg/kg OFS-139-8 10 / 10 - 9.36E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-117
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 139
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.60E-01 J 7.60E-01 J mg/kg OFS-140-3 9 / 10 2.5 - 2.5 3.85E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.38E+04 1.75E+04 mg/kg OFS-140-6 10 / 10 - 1.51E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 7.00E-01 J 2.00E+00 J mg/kg OFS-140-1 10 / 10 - 1.20E+00 3.10E+01 --
7440-38-2 ARSENIC 1.88E+01 2.92E+01 J mg/kg OFS-140-1 10 / 10 - 2.56E+01 3.90E-01 7.49E+01 1.00E+01 2.92E+00
7440-39-3 BARIUM 1.89E+02 3.56E+02 mg/kg OFS-140-5 10 / 10 - 2.52E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.40E-01 J 6.00E-01 mg/kg OFS-140-4 7 / 10 0.43 - 0.46 4.95E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.70E-01 J 1.90E+00 mg/kg OFS-140-2 10 / 10 - 6.06E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 6.27E+03 2.11E+04 mg/kg OFS-140-3 10 / 10 - 1.20E+04 --
7440-47-3 CHROMIUM 2.23E+01 3.33E+01 mg/kg OFS-140-6 10 / 10 - 2.59E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.09E+01 1.59E+01 mg/kg OFS-140-5 10 / 10 - 1.32E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.02E+02 3.72E+02 mg/kg OFS-140-2 10 / 10 - 1.63E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.13E+04 2.75E+04 mg/kg OFS-140-6 10 / 10 - 2.38E+04 5.50E+04 --
7439-92-1 LEAD 5.39E+01 1.47E+02 mg/kg OFS-140-2 10 / 10 - 9.74E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 6.06E+03 9.10E+03 mg/kg OFS-140-6 10 / 10 - 6.97E+03 --
7439-96-5 MANGANESE 8.01E+02 2.23E+03 mg/kg OFS-140-5 10 / 10 - 1.19E+03 1.80E+03 1.24E+00 3.30E+03
7439-97-6 MERCURY 5.80E-02 J 3.40E-01 mg/kg OFS-140-2 10 / 10 - 1.95E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.61E+01 3.54E+01 mg/kg OFS-140-6 10 / 10 - 2.93E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.04E+03 5.63E+03 mg/kg OFS-140-3 10 / 10 - 3.71E+03 --
7782-49-2 SELENIUM 1.40E+00 J 1.40E+00 J mg/kg OFS-140-2 1 / 10 3.5 - 3.8 1.40E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.50E-01 J 1.00E+00 mg/kg OFS-140-2 10 / 10 - 4.10E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.80E+02 J 4.51E+02 J mg/kg OFS-140-1 10 / 10 - 2.59E+02 --
7440-28-0 THALLIUM 9.10E-01 J 9.10E-01 J mg/kg OFS-140-2 1 / 10 2.5 - 2.7 9.10E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.95E+01 5.07E+01 mg/kg OFS-140-6 10 / 10 - 4.41E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.35E+02 J 3.18E+02 J mg/kg OFS-140-2 10 / 10 - 2.14E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-118
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 140
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.50E-01 J 9.70E-01 J mg/kg OFS-141-6 10 / 10 - 5.07E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 8.61E+03 1.67E+04 mg/kg OFS-141-7 10 / 10 - 1.08E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 8.10E-01 J 2.00E+00 J mg/kg OFS-141-7 10 / 10 - 1.31E+00 3.10E+01 --
7440-38-2 ARSENIC 2.98E+01 J 1.15E+02 J mg/kg OFS-141-7 10 / 10 - 4.76E+01 3.90E-01 2.95E+02 1.00E+01 1.15E+01
7440-39-3 BARIUM 1.22E+02 2.63E+02 mg/kg OFS-141-7 10 / 10 - 1.75E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 5.60E-01 5.60E-01 mg/kg OFS-141-7 1 / 10 0.29 - 0.39 5.60E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 7.30E-01 3.80E+00 mg/kg OFS-141-7 10 / 10 - 2.00E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.67E+03 8.91E+03 mg/kg OFS-141-7 10 / 10 - 5.52E+03 --
7440-47-3 CHROMIUM 1.43E+01 2.15E+01 mg/kg OFS-141-7 10 / 10 - 1.69E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.50E+00 1.35E+01 mg/kg OFS-141-7 10 / 10 - 9.95E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 1.26E+02 8.92E+02 mg/kg OFS-141-7 10 / 10 - 2.85E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.69E+04 2.91E+04 mg/kg OFS-141-7 10 / 10 - 2.09E+04 5.50E+04 --
7439-92-1 LEAD 1.01E+02 7.46E+02 mg/kg OFS-141-7 10 / 10 - 3.16E+02 4.00E+02 1.87E+00 4.00E+02 1.87E+00
7439-95-4 MAGNESIUM 3.56E+03 6.63E+03 mg/kg OFS-141-7 10 / 10 - 4.36E+03 --
7439-96-5 MANGANESE 3.40E+02 9.62E+02 mg/kg OFS-141-6 10 / 10 - 5.75E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.60E-01 2.00E+00 mg/kg OFS-141-9 10 / 10 - 7.97E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.31E+01 2.06E+01 mg/kg OFS-141-7 10 / 10 - 1.56E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.84E+03 3.60E+03 mg/kg OFS-141-7 10 / 10 - 2.74E+03 --
7782-49-2 SELENIUM 7.20E-01 J- 3.10E+00 J- mg/kg OFS-141-7 4 / 10 3.4 - 3.6 1.55E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 4.90E-01 J 6.00E+00 mg/kg OFS-141-7 10 / 10 - 1.84E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.44E+02 J 3.39E+02 J mg/kg OFS-141-8 9 / 10 245 - 245 2.26E+02 --
7440-62-2 VANADIUM 2.69E+01 4.03E+01 mg/kg OFS-141-7 10 / 10 - 3.14E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 3.38E+02 1.02E+03 mg/kg OFS-141-7 10 / 10 - 5.75E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-119
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 141
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 9.50E-02 J 3.20E-01 J mg/kg OFS-142-8 7 / 10 2.6 - 2.7 1.94E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.08E+03 1.73E+04 mg/kg OFS-142-3 10 / 10 - 1.20E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.00E-01 J 5.70E+00 J mg/kg OFS-142-1 7 / 10 1.3 - 2.4 2.40E+00 3.10E+01 --
7440-38-2 ARSENIC 1.49E+01 3.31E+02 mg/kg OFS-142-1 10 / 10 - 8.32E+01 3.90E-01 8.49E+02 1.00E+01 3.31E+01
7440-39-3 BARIUM 1.06E+02 2.48E+02 mg/kg OFS-142-3 10 / 10 - 1.43E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 9.20E-02 J 5.20E-01 mg/kg OFS-142-3 4 / 10 0.052 - 0.41 2.46E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E+00 2.06E+01 mg/kg OFS-142-1 7 / 10 0.14 - 0.42 6.79E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.00E+03 9.44E+03 mg/kg OFS-142-8 10 / 10 - 5.36E+03 --
7440-47-3 CHROMIUM 1.16E+01 1.97E+01 mg/kg OFS-142-3 10 / 10 - 1.45E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.10E+00 9.50E+00 mg/kg OFS-142-3 10 / 10 - 8.29E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 3.44E+01 2.93E+02 mg/kg OFS-142-1 10 / 10 - 1.31E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.39E+04 2.69E+04 mg/kg OFS-142-1 10 / 10 - 1.98E+04 5.50E+04 --
7439-92-1 LEAD 2.04E+01 1.15E+03 mg/kg OFS-142-1 10 / 10 - 3.06E+02 4.00E+02 2.88E+00 4.00E+02 2.88E+00
7439-95-4 MAGNESIUM 3.82E+03 6.34E+03 mg/kg OFS-142-3 10 / 10 - 4.79E+03 --
7439-96-5 MANGANESE 3.60E+02 J 5.28E+02 mg/kg OFS-142-5 10 / 10 - 4.37E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 7.90E-02 J 5.30E+00 mg/kg OFS-142-1 9 / 10 0.12 - 0.12 1.62E+00 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.22E+01 2.32E+01 mg/kg OFS-142-3 10 / 10 - 1.55E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.64E+03 3.08E+03 mg/kg OFS-142-8 10 / 10 - 2.26E+03 --
7782-49-2 SELENIUM 1.00E+00 J 6.70E+00 mg/kg OFS-142-1 9 / 10 3.6 - 3.6 2.60E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.70E-01 J 8.00E+00 mg/kg OFS-142-1 8 / 10 1 - 1.1 2.47E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.33E+01 J 1.34E+02 J mg/kg OFS-142-2 10 / 10 - 9.65E+01 --
7440-62-2 VANADIUM 2.28E+01 4.20E+01 mg/kg OFS-142-3 10 / 10 - 3.17E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.51E+02 6.69E+03 mg/kg OFS-142-1 10 / 10 - 1.68E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-120
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 142
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 8.90E-02 J 2.40E-01 J mg/kg OFS-143-5 5 / 10 2.5 - 2.7 1.58E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 5.32E+03 1.32E+04 mg/kg OFS-143-4 10 / 10 - 8.86E+03 7.70E+04 7.60E+04
7440-38-2 ARSENIC 6.50E+00 1.46E+02 mg/kg OFS-143-2 10 / 10 - 5.51E+01 3.90E-01 3.74E+02 1.00E+01 1.46E+01
7440-39-3 BARIUM 5.44E+01 2.00E+02 mg/kg OFS-143-4 10 / 10 - 1.14E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.80E-02 J 1.90E-01 J mg/kg OFS-143-3 6 / 10 0.49 - 0.5 8.33E-02 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.00E-01 J 5.80E+00 mg/kg OFS-143-2 10 / 10 - 2.40E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.23E+03 2.31E+04 mg/kg OFS-143-3 10 / 10 - 6.16E+03 --
7440-47-3 CHROMIUM 9.70E+00 2.46E+01 mg/kg OFS-143-4 10 / 10 - 1.41E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 4.40E+00 J 1.16E+01 mg/kg OFS-143-4 10 / 10 - 6.69E+00 2.30E+01 9.00E+02
7440-50-8 COPPER 1.92E+01 J 2.32E+02 J mg/kg OFS-143-2 10 / 10 - 1.35E+02 3.10E+03 3.10E+03
7439-89-6 IRON 8.32E+03 3.08E+04 mg/kg OFS-143-7 10 / 10 - 1.74E+04 5.50E+04 --
7439-92-1 LEAD 1.55E+01 7.77E+02 mg/kg OFS-143-2 10 / 10 - 2.46E+02 4.00E+02 1.94E+00 4.00E+02 1.94E+00
7439-95-4 MAGNESIUM 2.25E+03 6.92E+03 mg/kg OFS-143-4 10 / 10 - 3.82E+03 --
7439-96-5 MANGANESE 1.97E+02 J 1.16E+03 J mg/kg OFS-143-4 10 / 10 - 4.02E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.50E-01 J+ 3.90E+00 J+ mg/kg OFS-143-2 8 / 10 0.096 - 0.1 1.18E+00 6.70E+00 2.30E+01
7440-02-0 NICKEL 9.40E+00 2.71E+01 mg/kg OFS-143-4 10 / 10 - 1.34E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.30E+03 3.37E+03 mg/kg OFS-143-3 10 / 10 - 2.06E+03 --
7782-49-2 SELENIUM 5.90E-01 J- 5.10E+00 J- mg/kg OFS-143-2 10 / 10 - 2.05E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 2.40E-01 J 4.90E+00 mg/kg OFS-143-2 8 / 10 0.97 - 1 1.70E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 7.59E+01 J 6.53E+02 mg/kg OFS-143-4 10 / 10 - 1.68E+02 --
7440-62-2 VANADIUM 1.95E+01 4.28E+01 mg/kg OFS-143-4 10 / 10 - 2.70E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.94E+01 1.65E+03 mg/kg OFS-143-2 10 / 10 - 6.58E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-121
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 143
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 2.30E-01 J 1.70E+00 J- mg/kg OFS-144-6 6 / 10 2.4 - 2.5 6.01E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.08E+03 2.28E+04 mg/kg OFS-144-2 10 / 10 - 1.44E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.00E+00 J 2.30E+00 J mg/kg OFS-144-1 10 / 10 - 1.80E+00 3.10E+01 --
7440-38-2 ARSENIC 1.36E+01 3.48E+01 mg/kg OFS-144-6 10 / 10 - 2.43E+01 3.90E-01 8.92E+01 1.00E+01 3.48E+00
7440-39-3 BARIUM 1.24E+02 3.20E+02 mg/kg OFS-144-2 10 / 10 - 2.23E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.20E-01 6.20E-01 mg/kg OFS-144-2 1 / 10 0.18 - 0.49 6.20E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.80E-01 J 1.10E+00 mg/kg OFS-144-1 8 / 10 0.49 - 0.52 7.03E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.38E+03 2.12E+04 mg/kg OFS-144-4 10 / 10 - 1.16E+04 --
7440-47-3 CHROMIUM 1.60E+01 3.99E+01 mg/kg OFS-144-2 10 / 10 - 2.46E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 7.80E+00 1.70E+01 mg/kg OFS-144-2 10 / 10 - 1.15E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 6.95E+01 2.03E+02 mg/kg OFS-144-1 10 / 10 - 1.40E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.78E+04 3.74E+04 mg/kg OFS-144-2 10 / 10 - 2.43E+04 5.50E+04 --
7439-92-1 LEAD 2.94E+01 J 1.19E+02 J mg/kg OFS-144-6 10 / 10 - 6.71E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.19E+03 9.52E+03 mg/kg OFS-144-2 10 / 10 - 6.09E+03 --
7439-96-5 MANGANESE 4.71E+02 J 1.70E+03 J mg/kg OFS-144-5 10 / 10 - 9.89E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 4.70E-02 J 1.70E-01 mg/kg OFS-144-1 9 / 10 0.1 - 0.1 8.55E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.88E+01 3.87E+01 mg/kg OFS-144-2 10 / 10 - 2.79E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.14E+03 4.46E+03 mg/kg OFS-144-2 10 / 10 - 3.21E+03 --
7782-49-2 SELENIUM 3.70E-01 J 2.20E+00 J mg/kg OFS-144-5 4 / 10 3.5 - 3.6 8.08E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.10E-02 J 3.10E-01 J mg/kg OFS-144-5 9 / 10 0.99 - 0.99 2.15E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.24E+02 J 3.09E+02 J mg/kg OFS-144-2 10 / 10 - 2.26E+02 --
7440-62-2 VANADIUM 3.02E+01 6.23E+01 mg/kg OFS-144-2 10 / 10 - 4.06E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 1.47E+02 3.29E+02 mg/kg OFS-144-5 10 / 10 - 2.32E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-122
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 144
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 8.90E-02 J 1.20E-01 J mg/kg OFS-145-1 2 / 10 2.5 - 2.6 1.10E-01 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 1.15E+04 1.92E+04 mg/kg OFS-145-9 10 / 10 - 1.35E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 5.20E-01 J 1.80E+00 J mg/kg OFS-145-9 10 / 10 - 1.20E+00 3.10E+01 --
7440-38-2 ARSENIC 1.25E+01 9.70E+01 mg/kg OFS-145-7 10 / 10 - 3.46E+01 3.90E-01 2.49E+02 1.00E+01 9.70E+00
7440-39-3 BARIUM 1.20E+02 2.54E+02 mg/kg OFS-145-9 10 / 10 - 1.88E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 5.20E-01 5.20E-01 mg/kg OFS-145-6 1 / 10 0.36 - 0.52 5.20E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.40E-01 J 8.20E-01 mg/kg OFS-145-7 5 / 10 0.5 - 0.53 4.24E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 5.00E+03 9.29E+03 mg/kg OFS-145-2 10 / 10 - 6.80E+03 --
7440-47-3 CHROMIUM 1.19E+01 4.53E+01 mg/kg OFS-145-6 10 / 10 - 2.31E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.08E+01 1.62E+01 mg/kg OFS-145-1 10 / 10 - 1.32E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.95E+01 1.13E+03 mg/kg OFS-145-3 10 / 10 - 1.92E+02 3.10E+03 3.10E+03
7439-89-6 IRON 2.11E+04 4.29E+04 mg/kg OFS-145-3 10 / 10 - 2.70E+04 5.50E+04 --
7439-92-1 LEAD 1.45E+01 1.51E+02 mg/kg OFS-145-7 10 / 10 - 6.34E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 5.02E+03 7.88E+03 mg/kg OFS-145-6 10 / 10 - 6.30E+03 --
7439-96-5 MANGANESE 6.40E+02 3.11E+03 mg/kg OFS-145-1 10 / 10 - 1.28E+03 1.80E+03 1.73E+00 3.30E+03
7439-97-6 MERCURY 7.90E-02 J 3.00E-01 mg/kg OFS-145-8 9 / 10 0.11 - 0.11 1.55E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.32E+01 2.71E+01 mg/kg OFS-145-6 10 / 10 - 2.11E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.24E+03 4.38E+03 mg/kg OFS-145-4 10 / 10 - 3.32E+03 --
7440-22-4 SILVER 6.60E-02 J 1.00E+00 mg/kg OFS-145-7 9 / 10 1.1 - 1.1 3.07E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.43E+02 J 2.41E+02 J mg/kg OFS-145-2 10 / 10 - 1.72E+02 --
7440-28-0 THALLIUM 6.50E-01 J 7.60E-01 J mg/kg OFS-145-9 2 / 10 2.5 - 2.7 7.05E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.42E+01 5.67E+01 mg/kg OFS-145-9 10 / 10 - 4.38E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 8.71E+01 3.29E+02 mg/kg OFS-145-7 10 / 10 - 2.04E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-123
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 145
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 1.10E-01 J 5.50E-01 J mg/kg OFS-146-5 9 / 11 2.5 - 2.5 3.06E-01 1.60E+03 1.20E+03
14808-79-8 SULFATE 2.80E+01 2.80E+01 mg/kg OFS-146 1 / 1 - 2.80E+01 --

METALS
7429-90-5 ALUMINUM 8.69E+03 2.21E+04 mg/kg OFS-146-8 11 / 11 - 1.65E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 3.50E-01 J 2.40E+00 J mg/kg OFS-146 11 / 11 - 1.45E+00 3.10E+01 --
7440-38-2 ARSENIC 1.80E+00 J 6.77E+01 mg/kg OFS-146 11 / 11 - 3.11E+01 3.90E-01 1.74E+02 1.00E+01 6.77E+00
7440-39-3 BARIUM 3.38E+01 3.52E+02 mg/kg OFS-146-1 11 / 11 - 2.01E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.70E-01 J 6.50E-01 mg/kg OFS-146-1 11 / 11 0.36 - 0.48 5.25E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.10E-01 J 1.80E+00 mg/kg OFS-146-7 6 / 11 0.5 - 0.57 6.22E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.77E+03 1.13E+04 mg/kg OFS-146-5 11 / 11 - 6.29E+03 --
7440-47-3 CHROMIUM 5.90E+00 5.25E+01 mg/kg OFS-146-8 11 / 11 - 3.08E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 5.20E+00 1.98E+01 mg/kg OFS-146-8 11 / 11 - 1.52E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 1.76E+01 J 6.06E+02 J mg/kg OFS-146-7 11 / 11 - 1.92E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.18E+04 4.52E+04 mg/kg OFS-146 11 / 11 - 3.24E+04 5.50E+04 --
7439-92-1 LEAD 4.00E+00 1.38E+02 mg/kg OFS-146-8 11 / 11 - 4.41E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 2.56E+03 9.78E+03 mg/kg OFS-146-8 11 / 11 - 6.88E+03 --
7439-96-5 MANGANESE 2.08E+02 J 2.66E+03 J mg/kg OFS-146 11 / 11 - 1.29E+03 1.80E+03 1.48E+00 3.30E+03
7439-97-6 MERCURY 5.00E-02 J 2.90E-01 mg/kg OFS-146 7 / 11 0.096 - 0.11 1.22E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 3.80E+00 J 4.22E+01 J mg/kg OFS-146-1 11 / 11 - 2.96E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 2.34E+02 4.21E+03 mg/kg OFS-146-5 11 / 11 - 2.82E+03 --
7440-22-4 SILVER 1.20E-01 J 6.70E-01 J mg/kg OFS-146 6 / 11 1 - 1.1 3.12E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.31E+02 J 3.27E+02 J mg/kg OFS-146-1 11 / 11 - 2.53E+02 --
7440-28-0 THALLIUM 4.00E-01 J 7.90E-01 J mg/kg OFS-146-7 3 / 11 2.5 - 3 5.73E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.35E+01 8.04E+01 mg/kg OFS-146 11 / 11 - 5.77E+01 3.90E+02 7.80E+01 1.03E+00
7440-66-6 ZINC 2.41E+01 3.58E+02 mg/kg OFS-146 11 / 11 - 2.07E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-124
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 146
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 5.10E-02 J 1.30E-01 J mg/kg OFS-147-1 1 / 10 0.11 - 2.6 9.05E-02 1.60E+03 1.20E+03

METALS
7429-90-5 ALUMINUM 9.71E+03 1.16E+04 mg/kg OFS-147-4 10 / 10 - 1.08E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 8.40E-01 J 6.70E+00 J mg/kg OFS-147-8 10 / 10 - 1.77E+00 3.10E+01 --
7440-38-2 ARSENIC 1.46E+01 J 2.59E+02 J mg/kg OFS-147-8 10 / 10 - 5.23E+01 3.90E-01 6.64E+02 1.00E+01 2.59E+01
7440-39-3 BARIUM 9.08E+01 1.52E+02 mg/kg OFS-147-4 10 / 10 - 1.04E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 3.50E-01 J 5.70E-01 mg/kg OFS-147-4 10 / 10 - 3.89E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.00E-01 J 2.00E+00 mg/kg OFS-147-8 10 / 10 - 5.16E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.11E+03 8.23E+03 mg/kg OFS-147-8 10 / 10 - 5.79E+03 --
7440-47-3 CHROMIUM 1.52E+01 1.92E+01 mg/kg OFS-147-1 10 / 10 - 1.74E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.21E+01 1.52E+01 mg/kg OFS-147-6 10 / 10 - 1.38E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 3.16E+01 5.90E+01 mg/kg OFS-147-9 10 / 10 - 4.20E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.04E+04 3.46E+04 mg/kg OFS-147-8 10 / 10 - 2.79E+04 5.50E+04 --
7439-92-1 LEAD 1.53E+01 2.15E+02 mg/kg OFS-147-8 10 / 10 - 3.97E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 5.14E+03 5.93E+03 mg/kg OFS-147-6 10 / 10 - 5.53E+03 --
7439-96-5 MANGANESE 5.10E+02 6.25E+02 mg/kg OFS-147-6 10 / 10 - 5.61E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 2.30E-02 J 1.20E+00 mg/kg OFS-147-8 10 / 10 - 1.65E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.36E+01 1.98E+01 mg/kg OFS-147-4 10 / 10 - 1.58E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.75E+03 3.39E+03 mg/kg OFS-147-9 10 / 10 - 2.49E+03 --
7782-49-2 SELENIUM 5.00E-01 J 3.30E+00 mg/kg OFS-147-8 9 / 10 2.5 - 2.5 1.03E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.10E-01 J+ 1.20E+00 J+ mg/kg OFS-147-8 10 / 10 - 2.67E-01 3.90E+02 3.90E+02
7440-23-5 SODIUM 1.09E+02 J 2.29E+02 J mg/kg OFS-147-7 10 / 10 - 1.53E+02 --
7440-62-2 VANADIUM 3.71E+01 5.66E+01 mg/kg OFS-147-8 10 / 10 - 4.68E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 6.80E+01 6.64E+02 mg/kg OFS-147-8 10 / 10 - 1.60E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-125
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 147
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 1.00E+04 1.36E+04 mg/kg OFS-148-1 10 / 10 - 1.16E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.90E+00 J 1.16E+01 mg/kg OFS-148-3 10 / 10 - 6.03E+00 3.10E+01 --
7440-38-2 ARSENIC 3.61E+01 2.03E+02 mg/kg OFS-148-3 10 / 10 - 1.04E+02 3.90E-01 5.21E+02 1.00E+01 2.03E+01
7440-39-3 BARIUM 1.89E+02 J- 7.91E+02 J- mg/kg OFS-148-3 10 / 10 - 2.78E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 4.70E-01 7.10E-01 mg/kg OFS-148-1 10 / 10 - 5.85E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 2.30E+00 3.19E+01 mg/kg OFS-148-3 10 / 10 - 7.75E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.17E+04 3.85E+04 mg/kg OFS-148-7 10 / 10 - 2.01E+04 --
7440-47-3 CHROMIUM 1.60E+01 2.00E+01 mg/kg OFS-148-5 10 / 10 - 1.77E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.39E+01 2.79E+01 mg/kg OFS-148-3 10 / 10 - 1.68E+01 2.30E+01 1.21E+00 9.00E+02
7440-50-8 COPPER 1.60E+02 J 6.09E+03 J mg/kg OFS-148-3 10 / 10 - 1.03E+03 3.10E+03 1.96E+00 3.10E+03 1.96E+00
7439-89-6 IRON 1.97E+04 3.45E+04 mg/kg OFS-148-3 10 / 10 - 2.41E+04 5.50E+04 --
7439-92-1 LEAD 1.75E+02 1.04E+03 mg/kg OFS-148-3 10 / 10 - 5.47E+02 4.00E+02 2.60E+00 4.00E+02 2.60E+00
7439-95-4 MAGNESIUM 5.32E+03 6.60E+03 mg/kg OFS-148-5 10 / 10 - 5.97E+03 --
7439-96-5 MANGANESE 5.16E+02 8.36E+03 mg/kg OFS-148-3 10 / 10 - 1.31E+03 1.80E+03 4.64E+00 3.30E+03 2.53E+00
7439-97-6 MERCURY 7.90E-01 1.48E+01 mg/kg OFS-148-3 10 / 10 - 4.07E+00 6.70E+00 2.21E+00 2.30E+01
7440-02-0 NICKEL 2.44E+01 3.33E+01 mg/kg OFS-148-3 10 / 10 - 2.98E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.25E+03 J+ 1.76E+03 J+ mg/kg OFS-148-5 10 / 10 - 1.47E+03 --
7782-49-2 SELENIUM 3.70E+00 1.31E+01 mg/kg OFS-148-3 6 / 10 1.8 - 3.7 5.86E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 9.40E-01 J+ 1.39E+01 J+ mg/kg OFS-148-3 10 / 10 - 3.82E+00 3.90E+02 3.90E+02
7440-28-0 THALLIUM 7.90E-01 J 7.90E-01 J mg/kg OFS-148-3 1 / 10 2.1 - 2.7 7.90E-01 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.93E+01 4.55E+01 mg/kg OFS-148-3 10 / 10 - 3.45E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 4.88E+02 5.34E+03 mg/kg OFS-148-3 10 / 10 - 1.68E+03 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
J+ = The analyte was positively identified, but the result may be biased high.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-126
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL AREA 148
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 6.00E-02 mg/kg IK-S24 1 / 7 0.04 - 2.8 6.00E-02 1.60E+03 1.20E+03
14797-55-8 NITRATE AS N 8.00E-01 LJ 2.00E+00 mg/kg IK-S24 3 / 5 1 - 1 1.60E+00 1.30E+05 --
PH PH 6.30E+00 8.30E+00 pH Units IK-S24 5 / 5 - 7.02E+00
14808-79-8 SULFATE 5.00E+00 LJ 1.00E+02 mg/kg IK-S24 3 / 5 10 - 10 3.83E+01 --

METALS
7429-90-5 ALUMINUM 1.01E+04 4.80E+04 mg/kg S-08 10 / 10 - 2.18E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 8.10E-01 LJ 8.10E-01 LJ mg/kg IK-S24 1 / 16 0.79 - 26 8.10E-01 3.10E+01 --
7440-38-2 ARSENIC 9.90E+00 1.01E+02 mg/kg IK-S24 16 / 16 - 3.89E+01 3.90E-01 2.59E+02 1.00E+01 1.01E+01
7440-39-3 BARIUM 1.10E+02 1.95E+03 mg/kg HSJ-546 15 / 15 - 3.53E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 5.60E-01 1.70E+00 mg/kg S-08 9 / 11 0.44 - 1 8.86E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.20E-01 LJ 2.30E+00 J mg/kg HSJ-546 9 / 16 0.1 - 1.1 1.06E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 4.42E+03 9.90E+04 J mg/kg S-01 15 / 15 - 1.96E+04 --
7440-47-3 CHROMIUM 5.00E+00 J 1.40E+02 mg/kg S-08 16 / 16 - 2.69E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.30E+00 3.12E+01 mg/kg HSJ-546 10 / 10 - 1.56E+01 2.30E+01 1.36E+00 9.00E+02
7440-50-8 COPPER 1.28E+01 J 3.47E+02 J mg/kg HSJ-546 16 / 16 - 9.20E+01 3.10E+03 3.10E+03
7439-89-6 IRON 3.37E+01 J 6.38E+04 J mg/kg IK-S16 15 / 15 - 3.31E+04 5.50E+04 1.16E+00 --
7439-92-1 LEAD 2.30E+00 3.36E+02 mg/kg IK-S30 16 / 16 - 7.59E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.90E+03 1.40E+04 mg/kg S-08 10 / 10 - 8.43E+03 --
7439-96-5 MANGANESE 4.20E+02 1.36E+03 J mg/kg HSJ-546 10 / 10 - 7.85E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.00E-02 LJ 2.20E-01 mg/kg HSJ-546 5 / 8 0.05 - 0.11 1.21E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.30E+01 1.50E+02 mg/kg S-08 11 / 11 - 4.16E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.14E+03 3.70E+03 mg/kg S-01 10 / 10 - 2.41E+03 --
7782-49-2 SELENIUM 3.10E-01 J 2.50E+00 mg/kg S-02 6 / 16 0.46 - 5 1.03E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 4.80E-01 LJ 2.20E+00 mg/kg HSJ-546 7 / 16 2 - 5 1.00E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 6.60E+01 J 3.20E+02 mg/kg S-05 10 / 10 - 1.64E+02 --
7440-28-0 THALLIUM 8.00E-01 J 2.60E+00 mg/kg IK-S17 6 / 16 0.73 - 13 1.46E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 3.33E+01 1.10E+02 mg/kg S-08 10 / 10 - 6.21E+01 3.90E+02 7.80E+01 1.41E+00
7440-66-6 ZINC 5.27E+01 5.30E+02 mg/kg S-06 16 / 16 - 2.01E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-127
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
57-12-5 CYANIDE (TOTAL) 6.00E-02 LJ 6.00E-02 LJ mg/kg IK-SB16 1 / 2 0.04 - 0.04 6.00E-02 1.60E+03 1.20E+03

METALS
7440-38-2 ARSENIC 1.63E+01 J 2.97E+01 J mg/kg IK-SB16 2 / 2 - 2.30E+01 3.90E-01 7.62E+01 1.00E+01 2.97E+00
7440-39-3 BARIUM 2.07E+02 2.07E+02 mg/kg IK-SB16 2 / 2 - 2.07E+02 1.50E+04 1.50E+04
7440-70-2 CALCIUM 9.69E+03 1.11E+04 mg/kg IK-SB16 2 / 2 - 1.04E+04 --
7440-47-3 CHROMIUM 2.00E+00 LJ 9.10E+00 J mg/kg IK-SB17 2 / 2 - 5.55E+00 2.80E+02 1.20E+05
7440-50-8 COPPER 2.08E+01 J 2.37E+01 J mg/kg IK-SB16 2 / 2 - 2.23E+01 3.10E+03 3.10E+03
7439-89-6 IRON 4.61E+04 1.04E+05 J mg/kg IK-SB16 2 / 2 - 7.51E+04 5.50E+04 1.89E+00 --
7439-92-1 LEAD 1.90E+00 J 2.20E+00 J mg/kg IK-SB17 2 / 2 - 2.05E+00 4.00E+02 4.00E+02
PH PH 7.20E+00 7.50E+00 mg/kg IK-SB17 2 / 2 - 7.35E+00
7440-22-4 SILVER 1.00E+00 LJ 2.10E+00 LJ mg/kg IK-SB16 2 / 2 - 1.55E+00 3.90E+02 3.90E+02
7440-28-0 THALLIUM 2.60E+00 J 6.70E+00 J mg/kg IK-SB16 2 / 2 - 4.65E+00 5.10E+00 1.31E+00 5.20E+00 1.29E+00
7440-66-6 ZINC 8.30E+01 2.37E+02 mg/kg IK-SB16 2 / 2 - 1.60E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
LJ = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-128
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SUBSURFACE SOIL (2 TO 10 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 7.20E-01 J 7.20E-01 J mg/kg BKG-102 1 / 2 1.1 - 1.1 7.20E-01 1.30E+05 --
PH PH 6.00E+00 6.20E+00 pH Units BKG-101 2 / 2 - 6.10E+00
14808-79-8 SULFATE 2.20E+01 3.00E+01 mg/kg BKG-102 2 / 2 - 2.60E+01 --

METALS
7429-90-5 ALUMINUM 1.00E+04 1.40E+04 mg/kg BKG-110 10 / 10 - 1.18E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 2.38E+01 9.57E+01 mg/kg BKG-105 10 / 10 - 4.77E+01 3.90E-01 2.45E+02 1.00E+01 9.57E+00
7440-39-3 BARIUM 1.17E+02 2.39E+02 mg/kg BKG-110 10 / 10 - 1.66E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 5.80E-01 7.70E-01 mg/kg BKG-109 6 / 10 0.49 - 0.55 6.75E-01 1.60E+02 1.50E+02
7440-70-2 CALCIUM 2.57E+03 4.73E+03 mg/kg BKG-102 10 / 10 - 3.73E+03 --
7440-47-3 CHROMIUM 1.15E+01 3.21E+01 mg/kg BKG-110 10 / 10 - 1.70E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.11E+01 1.83E+01 mg/kg BKG-102 10 / 10 - 1.36E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.40E+01 4.84E+01 mg/kg BKG-102 10 / 10 - 3.36E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.23E+04 3.17E+04 mg/kg BKG-102 10 / 10 - 2.65E+04 5.50E+04 --
7439-92-1 LEAD 2.26E+01 8.28E+01 mg/kg BKG-105 10 / 10 - 4.42E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.11E+03 6.56E+03 mg/kg BKG-110 10 / 10 - 5.04E+03 --
7439-96-5 MANGANESE 5.01E+02 9.04E+02 mg/kg BKG-102 10 / 10 - 6.49E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.90E-02 J 3.70E-01 mg/kg BKG-105 10 / 10 - 1.44E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.01E+01 1.63E+01 mg/kg BKG-110 10 / 10 - 1.28E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.14E+03 2.82E+03 mg/kg BKG-106 10 / 10 - 1.82E+03 --
7782-49-2 SELENIUM 4.60E-01 J 1.20E+00 J mg/kg BKG-108 10 / 10 - 8.12E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.60E-01 J 1.30E+00 mg/kg BKG-106 6 / 10 0.99 - 1.2 1.06E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.66E+01 J 6.72E+01 J mg/kg BKG-110 10 / 10 - 4.74E+01 --
7440-28-0 THALLIUM 1.80E+00 J 2.50E+00 J mg/kg BKG-102 10 / 10 - 2.12E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.03E+01 6.44E+01 mg/kg BKG-110 10 / 10 - 5.30E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 9.46E+01 2.43E+02 mg/kg BKG-105 10 / 10 - 1.57E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-129
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SOIL TYPE 1
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
PH PH 7.70E+00 8.10E+00 pH Units BKG-201 2 / 2 - 7.90E+00
14808-79-8 SULFATE 3.00E+00 J 7.80E+00 mg/kg BKG-201 2 / 2 - 5.40E+00 --

METALS
7429-90-5 ALUMINUM 8.33E+03 2.97E+04 mg/kg BKG-207 10 / 10 - 1.94E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 2.20E+00 J 2.20E+00 J mg/kg BKG-203 1 / 10 6.2 - 8.8 2.20E+00 3.10E+01 --
7440-38-2 ARSENIC 1.60E+00 J 2.27E+01 mg/kg BKG-203 10 / 10 - 1.29E+01 3.90E-01 5.82E+01 1.00E+01 2.27E+00
7440-39-3 BARIUM 1.06E+02 5.35E+02 mg/kg BKG-204 10 / 10 - 1.98E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 9.60E-01 mg/kg BKG-207 8 / 10 0.41 - 0.55 5.65E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 4.60E-01 J 4.60E-01 J mg/kg BKG-203 1 / 10 0.51 - 0.74 4.60E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.34E+03 1.06E+04 mg/kg BKG-207 10 / 10 - 6.82E+03 --
7440-47-3 CHROMIUM 4.40E+00 J 2.62E+01 mg/kg BKG-210 10 / 10 - 1.58E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.00E+00 3.99E+01 mg/kg BKG-204 10 / 10 - 2.49E+01 2.30E+01 1.73E+00 9.00E+02
7440-50-8 COPPER 1.29E+01 4.24E+02 J mg/kg BKG-210 10 / 10 - 9.46E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.13E+04 8.67E+04 mg/kg BKG-207 10 / 10 - 5.20E+04 5.50E+04 1.58E+00 --
7439-92-1 LEAD 3.10E+00 1.83E+01 mg/kg BKG-210 10 / 10 - 1.03E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.13E+03 1.35E+04 mg/kg BKG-207 10 / 10 - 8.58E+03 --
7439-96-5 MANGANESE 4.97E+02 2.54E+03 mg/kg BKG-204 10 / 10 - 1.19E+03 1.80E+03 1.41E+00 3.30E+03
7439-97-6 MERCURY 2.00E-02 J 5.10E-02 J mg/kg BKG-203 2 / 10 0.034 - 0.15 3.55E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.40E+00 J 2.52E+01 mg/kg BKG-210 10 / 10 - 1.61E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.78E+02 J 1.16E+03 mg/kg BKG-209 10 / 10 - 5.66E+02 --
7782-49-2 SELENIUM 2.70E-01 J 1.60E+00 J mg/kg BKG-203 9 / 10 3.8 - 3.8 7.41E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.50E+00 2.60E+00 mg/kg BKG-207 6 / 10 0.72 - 1.1 1.97E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.98E+01 J 1.29E+02 J mg/kg BKG-209 10 / 10 - 8.18E+01 --
7440-28-0 THALLIUM 1.20E+00 J 5.90E+00 mg/kg BKG-207 9 / 10 2.1 - 2.1 3.31E+00 5.10E+00 1.16E+00 5.20E+00 1.13E+00
7440-62-2 VANADIUM 3.10E+01 2.34E+02 mg/kg BKG-207 10 / 10 - 1.28E+02 3.90E+02 7.80E+01 3.00E+00
7440-66-6 ZINC 4.88E+01 1.26E+02 mg/kg BKG-207 10 / 10 - 8.99E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-130
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SOIL TYPE 2
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
PH PH 7.90E+00 8.10E+00 pH Units BKG-302 2 / 2 - 8.00E+00
14808-79-8 SULFATE 2.90E+01 2.90E+01 mg/kg BKG-302 2 / 3 5.7 - 5.7 2.90E+01 --

METALS
7429-90-5 ALUMINUM 2.14E+04 4.82E+04 mg/kg BKG-301 10 / 10 - 3.39E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 1.50E+00 J mg/kg BKG-311 1 / 5 1.5 - 8.1 1.30E+00 3.10E+01 --
7440-38-2 ARSENIC 7.10E+00 J 1.97E+01 mg/kg BKG-311 10 / 10 - 1.23E+01 3.90E-01 5.05E+01 1.00E+01 1.97E+00
7440-39-3 BARIUM 3.73E+02 J 2.02E+03 J mg/kg BKG-310 10 / 10 - 7.67E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.20E-01 1.30E+00 mg/kg BKG-304 10 / 10 0.32 - 0.43 9.03E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E-01 J 3.50E-01 J mg/kg BKG-311 2 / 10 0.49 - 0.68 2.42E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 9.38E+03 2.63E+04 mg/kg BKG-301 10 / 10 - 1.59E+04 --
7440-47-3 CHROMIUM 1.64E+01 1.34E+02 mg/kg BKG-311 10 / 10 - 6.10E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.77E+01 4.21E+01 mg/kg BKG-301 10 / 10 - 2.97E+01 2.30E+01 1.83E+00 9.00E+02
7440-50-8 COPPER 3.95E+01 1.42E+02 mg/kg BKG-311 10 / 10 - 8.63E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.69E+04 4.22E+04 mg/kg BKG-301 10 / 10 - 3.13E+04 5.50E+04 --
7439-92-1 LEAD 6.50E+00 2.29E+01 J mg/kg BKG-311 10 / 10 - 1.34E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 1.24E+04 4.62E+04 mg/kg BKG-301 10 / 10 - 2.44E+04 --
7439-96-5 MANGANESE 4.93E+02 J 1.07E+03 mg/kg BKG-301 10 / 10 - 7.95E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.70E-02 J 9.80E-02 mg/kg BKG-311 4 / 10 0.096 - 0.14 4.28E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.18E+02 2.66E+02 J mg/kg BKG-301 10 / 10 - 1.87E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.31E+02 2.86E+03 mg/kg BKG-311 10 / 10 - 1.41E+03 --
7782-49-2 SELENIUM 3.20E-01 J 1.40E+00 J mg/kg BKG-306 9 / 10 3.4 - 3.8 6.75E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.10E+00 2.30E+00 mg/kg BKG-301 10 / 12 0.97 - 1.1 1.52E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.75E+02 J 5.99E+03 mg/kg BKG-301 10 / 10 - 2.01E+03 --
7440-28-0 THALLIUM 1.10E+00 J 4.30E+00 mg/kg BKG-311 9 / 10 1.2 - 2.8 2.22E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.81E+01 9.85E+01 mg/kg BKG-311 10 / 10 - 6.24E+01 3.90E+02 7.80E+01 1.26E+00
7440-66-6 ZINC 3.93E+01 9.65E+01 mg/kg BKG-311 10 / 10 - 6.78E+01 2.30E+04 2.30E+04

3268-87-9 OCDD 5.30E+00 1.30E+01 pg/g BKG-305 6 / 10 2 - 4.7 7.96E+00 1.50E-02 8.67E+02 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-132
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SOIL TYPE 3

DIOXINS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
NITRATE NITRATE AS N 7.20E-01 J 7.20E-01 J mg/kg BKG-102 1 / 6 1 - 1.1 7.20E-01 1.30E+05 --
PH PH 6.00E+00 8.10E+00 pH Units BKG-302 6 / 6  - 7.33E+00
14808-79-8 SULFATE 3.00E+00 J 3.00E+01 mg/kg BKG-102 6 / 7 5.7 - 5.7 2.01E+01 --

METALS
7429-90-5 ALUMINUM 8.33E+03 4.82E+04 mg/kg BKG-301 30 / 30  - 2.43E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 2.20E+00 J mg/kg BKG-203 2 / 25 1.5 - 8.8 1.48E+00 3.10E+01 --
7440-38-2 ARSENIC 1.60E+00 J 9.57E+01 mg/kg BKG-105 30 / 30  - 2.18E+01 3.90E-01 2.45E+02 1.00E+01 9.57E+00
7440-39-3 BARIUM 1.06E+02 2.02E+03 J mg/kg BKG-310 30 / 30  - 4.59E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 1.30E+00 mg/kg BKG-304 30 / 30 0.32 - 0.55 7.67E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E-01 J 4.60E-01 J mg/kg BKG-203 3 / 30 0.081 - 0.74 2.78E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.57E+03 2.63E+04 mg/kg BKG-301 30 / 30  - 1.03E+04 --
7440-47-3 CHROMIUM 4.40E+00 J 1.34E+02 mg/kg BKG-311 30 / 30  - 3.75E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.00E+00 4.21E+01 mg/kg BKG-301 30 / 30  - 2.42E+01 2.30E+01 1.83E+00 9.00E+02
7440-50-8 COPPER 1.29E+01 4.24E+02 J mg/kg BKG-210 30 / 30  - 7.46E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.69E+04 8.67E+04 mg/kg BKG-207 30 / 30  - 3.55E+04 5.50E+04 1.58E+00 --
7439-92-1 LEAD 3.10E+00 8.28E+01 mg/kg BKG-105 30 / 30  - 2.07E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.13E+03 4.62E+04 mg/kg BKG-301 30 / 30  - 1.52E+04 --
7439-96-5 MANGANESE 4.93E+02 J 2.54E+03 mg/kg BKG-204 30 / 30  - 8.62E+02 1.80E+03 1.41E+00 3.30E+03
7439-97-6 MERCURY 1.70E-02 J 3.70E-01 mg/kg BKG-105 16 / 30 0.034 - 0.15 1.01E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.40E+00 J 2.66E+02 J mg/kg BKG-301 30 / 30  - 9.60E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.78E+02 J 2.86E+03 mg/kg BKG-311 30 / 30  - 1.30E+03 --
7782-49-2 SELENIUM 2.70E-01 J 1.60E+00 J mg/kg BKG-203 28 / 30 3.4 - 3.8 7.33E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.60E-01 J 2.60E+00 mg/kg BKG-207 22 / 30 0.72 - 1.2 1.52E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.98E+01 J 5.99E+03 mg/kg BKG-301 30 / 30  - 9.85E+02 --
7440-28-0 THALLIUM 1.10E+00 J 5.90E+00 mg/kg BKG-207 28 / 30 1.2 - 2.8 2.47E+00 5.10E+00 1.16E+00 5.20E+00 1.13E+00
7440-62-2 VANADIUM 2.81E+01 2.34E+02 mg/kg BKG-207 30 / 30  - 7.70E+01 3.90E+02 7.80E+01 3.00E+00
7440-66-6 ZINC 3.93E+01 2.43E+02 mg/kg BKG-105 30 / 30  - 9.72E+01 2.30E+04 2.30E+04

3268-87-9 OCDD 5.30E+00 1.30E+01 pg/g BKG-305 6 / 10 2 - 4.7 7.96E+00 1.50E-02 8.67E+02 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-132
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

AVERAGE OF BACKGROUND SOIL TYPES 1-3

DIOXINS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 2.40E+00 2.40E+00 mg/kg HS-47 1 / 1  - 2.40E+00 1.30E+05 --
14808-79-8 SULFATE 9.60E+00 J 9.60E+00 J mg/kg HS-47 1 / 1  - 9.60E+00 --

METALS
7429-90-5 ALUMINUM 1.86E+03 2.37E+04   mg/kg HS-47 6 / 6  - 1.37E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 3.40E+00 J 7.00E+00 J- mg/kg IKJ-548 6 / 6  - 4.78E+00 3.10E+01 --
7440-38-2 ARSENIC 3.98E+01 3.16E+02 mg/kg IKJ-548 6 / 6  - 1.37E+02 3.90E-01 8.10E+02 1.00E+01 3.16E+01
7440-39-3 BARIUM 1.11E+01 J 2.10E+02 mg/kg BKG-330 6 / 6  - 8.04E+01 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 9.40E-02 J 5.50E-01 J mg/kg BKG-330 5 / 6 0.1 - 0.1 3.09E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 7.50E-01 5.60E+00 mg/kg BKG-330 4 / 6 1.1 - 1.1 2.96E+00 7.00E+01 3.90E+01
7440-70-2 CALCIUM 1.38E+03 5.24E+04 mg/kg IKJ-548 6 / 6  - 2.07E+04 --
7440-47-3 CHROMIUM 2.90E+00 4.54E+01   mg/kg HS-47 6 / 6  - 2.28E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 6.40E+00 4.53E+01 mg/kg BKG-330 6 / 6  - 2.00E+01 2.30E+01 1.97E+00 9.00E+02
7440-50-8 COPPER 2.47E+01 1.03E+03 mg/kg BKG-330 6 / 6  - 2.45E+02 3.10E+03 3.10E+03
7439-89-6 IRON 1.27E+04 4.19E+04   mg/kg HS-47 6 / 6  - 3.25E+04 5.50E+04 --
7439-92-1 LEAD 9.40E+00 5.04E+02 mg/kg IKJ-548 6 / 6  - 1.28E+02 4.00E+02 1.26E+00 4.00E+02 1.26E+00
7439-95-4 MAGNESIUM 8.41E+02 9.92E+03   mg/kg HS-47 6 / 6  - 7.77E+03 --
7439-96-5 MANGANESE 1.91E+02 1.13E+03 mg/kg BKG-330 6 / 6  - 7.07E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 3.00E-02 J 2.70E-01 mg/kg IKJ-548 4 / 6 0.047 - 0.11 1.80E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 2.60E+00 J 4.67E+01 mg/kg BKG-330 6 / 6  - 1.70E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 8.26E+01 J 2.87E+03   mg/kg HS-48 6 / 6  - 1.22E+03 --
7782-49-2 SELENIUM 4.10E-01 J 2.40E+00 J mg/kg IKJ-548 4 / 6 7.4 - 7.5 1.22E+00 3.90E+02 3.90E+02
7440-22-4 SILVER 1.60E+00 J- 5.70E+00 mg/kg IKJ-548 2 / 6 1 - 2.2 3.65E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.96E+01 J 1.50E+02 J mg/kg HS-48 6 / 6  - 9.37E+01 --
7440-28-0 THALLIUM 1.30E+00 J 2.00E+00 J mg/kg IKJ-548 3 / 6 2.5 - 2.5 1.63E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.19E+01 1.80E+02 mg/kg BKG-320 6 / 6  - 6.98E+01 3.90E+02 7.80E+01 2.31E+00
7440-66-6 ZINC 6.50E+01 1.17E+03 mg/kg IKJ-548 6 / 6  - 3.15E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-133
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SAMPLE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7429-90-5 ALUMINUM 2.10E+04 2.20E+04 mg/kg 01-BG 2 / 2 - 2.15E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 1.30E+01 5.70E+01 mg/kg 05-BG 11 / 11 - 2.33E+01 3.90E-01 1.46E+02 1.00E+01 5.70E+00
7440-39-3 BARIUM 2.40E+02 2.60E+02 mg/kg 01-BG 2 / 2 - 2.50E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.80E-01 7.20E-01 mg/kg 01-BG 2 / 4 1 - 1 7.00E-01 1.60E+02 1.50E+02
7440-70-2 CALCIUM 1.70E+04 1.80E+04 mg/kg 01-BG 2 / 2 - 1.75E+04 --
7440-47-3 CHROMIUM 1.40E+01 2.50E+01 mg/kg 01-BG 4 / 4 - 1.95E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.10E+01 1.20E+01 mg/kg 01-BG 2 / 2 - 1.15E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.30E+01 2.90E+01 mg/kg 01-BG 4 / 4 - 2.63E+01 3.10E+03 3.10E+03
7439-89-6 IRON 3.00E+04 3.10E+04 mg/kg 01-BG 2 / 2 - 3.05E+04 5.50E+04 --
7439-92-1 LEAD 5.30E+00 4.80E+01 mg/kg 05-BG 7 / 11 5 - 5 1.43E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 7.40E+03 8.10E+03 mg/kg 01-BG 2 / 2 - 7.75E+03 --
7439-96-5 MANGANESE 6.60E+02 7.00E+02 mg/kg 01-BG 2 / 2 - 6.80E+02 1.80E+03 3.30E+03
7440-02-0 NICKEL 1.80E+01 2.00E+01 mg/kg OS-60 4 / 4 - 1.93E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.90E+03 2.20E+03 mg/kg 01-BG 2 / 2 - 2.05E+03 --
7440-23-5 SODIUM 1.40E+02 1.40E+02 mg/kg 01-BG 2 / 2 - 1.40E+02 --
7440-62-2 VANADIUM 5.30E+01 5.80E+01 mg/kg 01-BG 2 / 2 - 5.55E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 3.40E+01 7.10E+01 mg/kg 01-BG 4 / 4 - 5.13E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-134
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL BACKGROUND H1
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

METALS
7440-38-2 ARSENIC 9.40E+00 1.20E+02 mg/kg 08-BG 6 / 6 - 3.59E+01 3.90E-01 3.08E+02 1.00E+01 1.20E+01
7439-92-1 LEAD 5.50E+00 9.10E+01 mg/kg 08-BG 6 / 6 - 2.57E+01 4.00E+02 4.00E+02

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE 5-135
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

OFF-SITE SOIL BACKGROUND H2
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CAS Number Chemical
Minimum 

Concentration

Minimum 
Concentratio
n Qualifier

Maximum 
Concentration

Maximum 
Concentratio

n Qualifer
Units

Location of 
Maximum 

Concentration

Detection 
Frequency Range of Detection Limits

Average Detected 
Concentration

EPA Tap Water 
Screening Level Tap Water Exceed

AWQS - Drinking 
Water 

AWQS - Drinking 
Water Exceed

EPA Maximum 
Contaminant Level

Maximum 
Contaminant Level 

Exceed

INORGANICS
16887-00-6 CHLORIDE 6.60E+03 5.30E+06 µg/L MW-01-S 20 / 20 - 6.04E+05 2.50E+05 2.12E+01
57-12-5 CYANIDE (TOTAL) 1.00E+00 J 1.19E+01 µg/L GW-SW-08 15 / 73 10 - 10 3.64E+00 7.30E+02 2.00E+02
14797-55-8 NITRATE AS N 9.00E+01 J 3.60E+05 µg/L MW-01-S 24 / 26 100 - 100 3.19E+04 5.80E+04 6.21E+00 1.00E+04 3.60E+01
14797-73-0 PERCHLORATE 1.90E+00 J 3.30E+00 µg/L GW-999914 3 / 6 2 - 2 2.53E+00 2.60E+01
14808-79-8 SULFATE 1.30E+04 4.70E+06 µg/L GW-999954 26 / 26 - 6.50E+05 2.50E+05 1.88E+01
TDS TOTAL DISSOLVED SOLIDS 3.30E+05 1.30E+07 µg/L MW-01-S 20 / 20 - 2.66E+06 5.00E+05 2.60E+01

METALS
7429-90-5 ALUMINUM 1.79E+01 J 3.17E+03 µg/L GW-999948 14 / 73 26.2 - 222 2.37E+02 3.70E+04 5.00E+01 6.34E+01
7440-36-0 ANTIMONY 8.90E-02 J 2.00E+00 µg/L GW-999947 8 / 73 0.035 - 2 1.36E+00 1.50E+01 6.00E+00
7440-38-2 ARSENIC 1.20E+00 1.04E+03 µg/L GW-999954 70 / 73 0.85 - 1 2.62E+01 4.50E-02 2.31E+04 1.00E+01 1.04E+02
7440-39-3 BARIUM 1.10E+01 2.00E+02 µg/L GW-999911 63 / 73 0.12 - 18.9 5.43E+01 7.30E+03 2.00E+03
7440-41-7 BERYLLIUM 4.50E-02 J 4.60E-01 J µg/L GW-999948 2 / 71 0.12 - 1 2.53E-01 7.30E+01 4.00E+00
24959-67-9 BROMIDE 1.20E+02 1.80E+04 µg/L MW-01-S 19 / 20 100 - 100 2.75E+03
7440-43-9 CADMIUM 2.00E-02 J 4.60E+00 J µg/L GW-999954 16 / 73 0.027 - 1 8.10E-01 1.80E+01 1.80E+01 5.00E+00
7440-70-2 CALCIUM 2.04E+04 7.74E+05 µg/L MW-05-S 73 / 73 - 1.63E+05
7440-47-3 CHROMIUM 6.90E-02 J 2.14E+01 µg/L MW-01-S 46 / 73 0.29 - 2 3.32E+00 1.00E+02
7440-48-4 COBALT 8.90E-02 J 1.19E+02 µg/L GW-999954 38 / 73 0.049 - 1 6.81E+00 1.10E+01 1.08E+01
7440-50-8 COPPER 9.90E-01 J 3.34E+02 µg/L GW-999953 66 / 73 0.48 - 2 2.84E+01 1.50E+03 1.30E+03
16984-48-8 FLUORIDE 1.00E+02 2.30E+03 µg/L GW-999948 19 / 20 100 - 100 4.92E+02 4.00E+03
7439-89-6 IRON 7.30E+00 J 3.54E+04 J µg/L GW-999954 49 / 73 3.5 - 111 9.11E+02 2.60E+04 1.36E+00 3.00E+02 1.18E+02
7439-92-1 LEAD 1.80E-01 J 4.98E+01 J- µg/L GW-999953 41 / 73 0.06 - 1 5.67E+00 1.50E+01 3.32E+00
7439-95-4 MAGNESIUM 6.41E+03 9.28E+05 µg/L GW-999954 73 / 73 - 4.01E+04
7439-96-5 MANGANESE 9.20E-02 J 6.32E+03 µg/L GW-999954 55 / 73 0.077 - 1 1.66E+02 8.80E+02 7.18E+00 5.00E+01 1.26E+02
7439-97-6 MERCURY 1.80E-02 J 1.30E+00 µg/L GW-999940 6 / 73 0.017 - 0.2 2.39E-01 6.30E-01 2.06E+00 2.00E+00
7440-02-0 NICKEL 6.00E-01 J 4.70E+01 µg/L MW-01-S 66 / 73 0.6 - 0.96 5.63E+00 7.30E+02
7440-09-7 POTASSIUM 5.94E+02 4.63E+05 µg/L MW-01-S 70 / 73 785 - 1710 1.55E+04
7782-49-2 SELENIUM 2.90E-01 J 2.05E+02 µg/L MW-01-S 41 / 73 0.5 - 5 1.54E+01 1.80E+02 1.14E+00 5.00E+01 4.10E+00
7440-22-4 SILVER 1.10E-01 J 3.43E+01 J µg/L MW-01-S 5 / 73 0.033 - 2 7.59E+00 1.80E+02 1.00E+02
7440-23-5 SODIUM 1.64E+04 1.19E+06 µg/L MW-01-S 73 / 73 - 8.80E+04
7440-28-0 THALLIUM 9.80E-03 J 3.80E-01 J µg/L MW-01-S 7 / 73 0.1 - 1 1.17E-01 2.40E+00 2.00E+00
7440-62-2 VANADIUM 2.00E-01 J 3.12E+01 µg/L GW-999948 72 / 73 0.48 - 0.48 6.34E+00 1.80E+02
7440-66-6 ZINC 5.10E+00 1.27E+04 µg/L GW-999954 73 / 73 - 4.42E+02 1.10E+04 1.15E+00 5.00E+03 2.54E+00

108-88-3 TOLUENE 2.30E-01 J 2.60E-01 J µg/L MW-05-S 1 / 6 0.5 - 0.5 2.45E-01 2.30E+03 1.00E+03 1.00E+03
460-00-4 4-BROMOFLUOROBENZENE 4.72E+00 4.75E+00 µg/L MW-05-S 1 / 1 - 4.74E+00

88-72-2 2-NITROTOLUENE 2.70E-01 J 2.70E-01 J µg/L GW-999954-1 1 / 5 0.4 - 0.4 2.70E-01 3.10E-01
2691-41-0 HMX 2.70E+00 J 2.70E+00 J µg/L GW-999954-1 1 / 5 0.4 - 0.4 2.70E+00 1.80E+03

Notes:
µg/L = Micrograms per liter.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
AWQS = Ambient water quality standards.
EPA = Environmental Protection Agency.
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetra

TABLE 5-136
GROUND WATER (TOTAL - UNFILTERED)

GROUND WATER

VOLATILES

EXPLOSIVES
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CAS Number Chemical
Minimum 

Concentration

Minimum 
Concentration 

Qualifier

Maximum 
Concentration

Maximum 
Concentration 

Qualifer
Units

Location of 
Maximum 

Concentration

Detection 
Frequency Range of Detection Limits

Average Detected 
Concentration

EPA Tap Water 
Screening Level Tap Water Exceed

AWQS - Drinking 
Water 

AWQS - Drinking 
Water Exceed

EPA Maximum 
Contaminant Level

Maximum 
Contaminant Level 

Exceed

METALS
7429-90-5 ALUMINUM 9.80E+00 J 8.08E+01 J µg/L GW-999954 2 / 74 26 - 222 3.23E+01 3.70E+04 5.00E+01 1.62E+00
7440-36-0 ANTIMONY 2.00E+00 4.70E+00 J µg/L GW-999954 5 / 73 0.067 - 4 2.45E+00 1.50E+01 6.00E+00
7440-38-2 ARSENIC 1.00E+00 9.56E+02 µg/L GW-999954 71 / 74 0.3 - 1.1 2.57E+01 4.50E-02 2.12E+04 1.00E+01 9.56E+01
7440-39-3 BARIUM 1.06E+01 2.01E+02 µg/L GW-999911 64 / 74 0.18 - 17.4 5.31E+01 7.30E+03 2.00E+03
7440-41-7 BERYLLIUM 4.20E-02 J 4.20E-02 J µg/L GW-999954 1 / 73 0.12 - 2 4.20E-02 7.30E+01 4.00E+00
7440-43-9 CADMIUM 1.70E-02 J 4.70E+00 J µg/L GW-999954 17 / 74 0.027 - 1 7.61E-01 1.80E+01 1.80E+01 5.00E+00
7440-70-2 CALCIUM 1.34E+04 7.48E+05 µg/L MW-05-S 74 / 74 - 1.65E+05
7440-47-3 CHROMIUM 7.10E-02 J 1.56E+01 J µg/L MW-02-S 32 / 74 0.086 - 2 2.92E+00 1.00E+02
7440-48-4 COBALT 5.60E-01 J 1.12E+02 µg/L GW-999954 63 / 74 0.064 - 1 5.47E+00 1.10E+01 1.02E+01
7440-50-8 COPPER 1.30E+00 J 1.13E+02 µg/L GW-999946 52 / 74 0.5 - 2 1.39E+01 1.50E+03 1.30E+03
7439-89-6 IRON 6.00E+00 J 3.58E+04 J µg/L GW-999954 31 / 74 14.6 - 111 1.05E+03 2.60E+04 1.38E+00 3.00E+02 1.19E+02
7439-92-1 LEAD 6.60E-02 J 3.57E+01 J- µg/L GW-999954 27 / 74 0.072 - 1 2.56E+00 1.50E+01 2.38E+00
7439-95-4 MAGNESIUM 6.12E+03 9.23E+05 µg/L GW-999954 74 / 74 - 4.02E+04
7439-96-5 MANGANESE 1.20E-01 J 5.91E+03 µg/L GW-999954 67 / 74 0.068 - 1 1.23E+02 8.80E+02 6.72E+00 5.00E+01 1.18E+02
7439-97-6 MERCURY 8.10E-02 J 1.80E-01 J µg/L GW-999936 5 / 74 0.019 - 0.2 1.19E-01 6.30E-01 2.00E+00
7440-02-0 NICKEL 2.90E-01 J 4.30E+01 µg/L MW-01-S 69 / 74 0.68 - 1 5.03E+00 7.30E+02
7440-09-7 POTASSIUM 5.49E+02 J 4.64E+05 µg/L MW-01-S 74 / 74 - 1.61E+04
7782-49-2 SELENIUM 3.60E-01 J 2.11E+02 µg/L MW-01-S 37 / 74 0.72 - 9.9 1.79E+01 1.80E+02 1.17E+00 5.00E+01 4.22E+00
7440-22-4 SILVER 3.10E-02 J 3.94E+01 J µg/L MW-01-S 4 / 74 0.037 - 2 1.01E+01 1.80E+02 1.00E+02
7440-23-5 SODIUM 1.55E+04 1.21E+06 µg/L MW-01-S 74 / 74 - 9.31E+04
7440-28-0 THALLIUM 1.10E-02 J 3.70E-01 J µg/L MW-01-S 5 / 74 0.1 - 2 1.46E-01 2.40E+00 2.00E+00
7440-62-2 VANADIUM 9.20E-02 J 2.11E+01 µg/L GW-999948 72 / 74 0.45 - 0.85 6.08E+00 1.80E+02
7440-66-6 ZINC 2.90E+00 J 1.29E+04 µg/L GW-999954 74 / 74 - 3.75E+02 1.10E+04 1.17E+00 5.00E+03 2.58E+00

Notes:
mg/kg = Milligrams per kilogram.
J = The analyte was positively identified; the quantitation is estimated.
J- = The analyte was positively identified, but the result may be biased low.
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.

TABLE 5-137
GROUND WATER (DISSOLVED - FILTERED)

GROUND WATER
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection Limits Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Air Exceed

National Ambient 
Air Quality 

Standards (ug/m3)

National Ambient 
Air Quality 

Standards Exceed

Health-Based 
Guidelines for 

Acute Exposure 
(µg/m3)

Exposure 
Time (hour)

PARTICULATES

PM-10
PARTICULATE MATTER < 
10 MICRONS 4.16E+00 7.67E+01 µg/m3 AIK-02-TEOM 78 / 78  - 2.03E+01 1.50E+02

TSP
TOTAL SUSPENDED 
PARTICULATE 4.16E+00 1.35E+02 µg/m3 AIK-01 52 / 52  - 2.76E+01 1.50E+02

METALS
7429-90-5 ALUMINUM 8.73E-02 J 1.01E+00 J µg/m3 AIK-01 11 / 87 0.1073 - 4.6128 6.20E-01 5.20E+00 1.00E+04 0.25 1

7440-36-0 ANTIMONY 1.57E-02 J 2.07E-02 J µg/m3 AIK-01A 2 / 87 0.0014 - 0.0707 1.82E-02 2.10E-01 -- --
7440-38-2 ARSENIC 5.03E-04 J 3.54E-02 J µg/m3 AIK-01 28 / 87 0.0001 - 0.0476 6.90E-03 5.70E-04 6.20E+01 1.90E-01 4 2

7440-39-3 BARIUM 1.08E-03 J 6.02E-02 J µg/m3 AIK-01 6 / 87 0 - 0.1835 2.96E-02 5.20E-01 5.00E+02 0.25 1

7440-43-9 CADMIUM 6.65E-05 J 3.56E-03 J µg/m3 AIK-02 11 / 87 0 - 0.0036 1.39E-03 1.40E-03 2.54E+00 5.00E+00 0.25 1

7440-70-2 CALCIUM 2.01E-01 J 2.83E+00 J µg/m3 AIK-01A 13 / 87 0.0052 - 4.0432 8.88E-01 1.00E+04 0.25 1

7440-47-3 CHROMIUM 3.66E-03 J 1.29E-01 µg/m3 AIK-02 7 / 87 0.0022 - 0.0745 4.82E-02 2.00E-04 6.45E+02 1.00E+03 0.25 1

7440-50-8 COPPER 4.93E-04 J 1.83E-01 J µg/m3 AIK-02 40 / 87 0.0008 - 0.0199 1.70E-02 1.00E+02 1 2

7439-89-6 IRON 1.32E-01 J 6.14E+00 µg/m3 AIK-01 39 / 87 0.0956 - 1.5851 9.57E-01 1.50E+03 0.25 1

7439-92-1 LEAD 1.56E-03 J 4.47E-02 J µg/m3 AIK-01 31 / 87 0.0002 - 0.096 8.33E-03 1.50E-01 5.00E+01 0.25 1

7439-97-6 MERCURY 5.80E-04 J 1.12E-03 J µg/m3 AIK-01 2 / 63 0.0002 - 0.0007 8.50E-04 3.10E-01 1.80E+00 1 2

7440-02-0 NICKEL 1.54E-04 J 1.37E-01 µg/m3 AIK-02 14 / 87 0 - 0.0431 1.75E-02 5.10E-03 2.69E+01 6.00E+00 1 2

7782-49-2 SELENIUM 2.45E-04 J 2.22E-02 J µg/m3 AIK-02 14 / 87 0.0001 - 0.0354 5.30E-03 2.00E+02 0.25 1

7440-22-4 SILVER 5.82E-05 J 7.31E-03 J µg/m3 AIK-02 4 / 87 0 - 0.0104 2.54E-03 1.00E+01 0.25 1

7440-23-5 SODIUM 7.79E-02 J 3.66E+00 J µg/m3 AIK-01 22 / 87 0.0129 - 1.997 7.35E-01 5.00E+02 0.25 1

7440-66-6 ZINC 3.30E-03 J 9.15E-02 µg/m3 AIK-02 13 / 87 0.0001 - 0.2862 3.57E-02 1.00E+04 0.25 1

Notes:
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
µg/m3 = Micrograms per cubic meter.
The EPA Industrial Regional Screening Level is 0.0029 µg/m3 for arsenic.
1 Temporary Emergency Exposure Limits (TEEL-0); intended for use until ERPGs are adopted. TEEL-0 is the concentration below which most people will experience no adverse health effects. Concentrations are peak, 15-min time-weighted averages.
2 California EPA Reference Exposure Levels (CalEPA REL) for 1 or 4 hr maximum concentration, intermittent exposure lasts less than 24 hr and occurs no more than 1 time per month, or no more frequently than every two weeks in a given year.

TABLE 5-138
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN AMBIENT AIR

IRON KING MINE
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency Range of Detection Limits Average Detected 

Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Air Exceed

National Ambient 
Air Quality 

Standards (ug/m3)

National Ambient 
Air Quality 

Standards Exceed

Health-Based 
Guidelines for 

Acute Exposure 
(µg/m3)

Exposure 
Time (hour)

PARTICULATES

PM-10 PARTICULATE MATTER < 
10 MICRONS 4.16E+00 3.74E+01 µg/m3 ABG-01 35 / 35  - 1.82E+01 1.50E+02

TSP TOTAL SUSPENDED 
PARTICULATE 4.16E+00 3.82E+01 µg/m3 AHS-01 32 / 32  - 1.80E+01 1.50E+02

METALS
7429-90-5 ALUMINUM 9.57E-02 J 6.39E+01 µg/m3 AHS-01 9 / 42 0.1206 - 3.3961 6.72E+00 5.20E+00 1.23E+01 1.00E+04 0.25 1

7440-36-0 ANTIMONY 3.37E-03 J 4.54E-02 J µg/m3 AHS-01 2 / 42 0.0014 - 0.0947 2.44E-02 2.10E-01 -- --
7440-38-2 ARSENIC 2.70E-04 J 1.16E-02 J µg/m3 ABG-01 8 / 42 0.0001 - 0.042 3.47E-03 5.70E-04 2.04E+01 1.90E-01 4 2

7440-39-3 BARIUM 1.37E-03 J 1.14E-01 J µg/m3 AHS-01 5 / 42 0.0071 - 0.0797 5.02E-02 5.20E-01 5.00E+02 0.25 1

7440-41-7 BERYLLIUM 8.73E-04 J 1.84E-03 J µg/m3 AHS-01 2 / 42 0 - 0.0037 1.36E-03 1.00E-03 1.84E+00 2.50E+01 1 3

7440-43-9 CADMIUM 1.16E-04 J 1.41E-03 J µg/m3 ABG-01 3 / 42 0.0001 - 0.0037 4.63E-04 1.40E-03 1.01E+00 5.00E+00 0.25 1

7440-70-2 CALCIUM 3.58E-02 J 1.19E+00 J µg/m3 ABG-01 5 / 42 0.01 - 66.2722 5.78E-01 1.00E+04 0.25 1

7440-47-3 CHROMIUM 2.83E-03 J 9.97E-02 J µg/m3 AHS-01 4 / 42 0.0026 - 0.2105 2.76E-02 2.00E-04 4.99E+02 1.00E+03 0.25 1

7440-50-8 COPPER 7.07E-04 J 2.50E-02 J µg/m3 AHS-01 15 / 42 0.0003 - 0.1321 5.60E-03 1.00E+02 1 2

7439-89-6 IRON 1.29E-01 J 2.57E+01 µg/m3 AHS-01 21 / 42 0.0598 - 1.0104 1.53E+00 1.50E+03 0.25 1

7439-92-1 LEAD 6.24E-04 J 1.25E-02 J µg/m3 ABG-01 10 / 42 0.0009 - 0.019 4.98E-03 1.50E-01 5.00E+01 0.25 1

7440-02-0 NICKEL 3.49E-04 J 2.77E-02 J µg/m3 AHS-01 7 / 42 0 - 0.0444 8.25E-03 5.10E-03 5.44E+00 6.00E+00 1 2

7782-49-2 SELENIUM 6.66E-04 J 1.25E-02 J µg/m3 ABG-01 4 / 42 0.0001 - 0.0607 5.32E-03 2.00E+02 0.25 1

7440-22-4 SILVER 4.99E-04 J 2.00E-02 µg/m3 ABG-01 2 / 42 0 - 0.0131 1.02E-02 1.00E+01 0.25 1

7440-23-5 SODIUM 3.66E-02 J 1.90E+00 J µg/m3 AHS-01 13 / 42 0.0129 - 0.9911 4.02E-01 5.00E+02 0.25 1

7440-66-6 ZINC 2.49E-03 J 2.04E-02 J µg/m3 ABG-01 3 / 42 0.0001 - 0.1754 1.08E-02 1.00E+04 0.25 1

Notes:
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
µg/m3 = Micrograms per cubic meter.
The EPA Industrial Regional Screening Level is 0.0029 µg/m3 for arsenic.
1 Temporary Emergency Exposure Limits (TEEL-0); intended for use until ERPGs are adopted. TEEL-0 is the concentration below which most people will experience no adverse health effects. Concentrations are peak, 15-min time-weighted averages.
2 California EPA Reference Exposure Levels (CalEPA REL) for 1 or 4 hr maximum concentration, intermittent exposure lasts less than 24 hr and occurs no more than 1 time per month, or no more frequently than every two weeks in a given year.
3 Emergency Response Planning Guidelines (ERPG): 1-hour exposure developed by by American Industrial Hygiene Association

TABLE 5-139
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN AMBIENT AIR

BACKGROUND
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection Limits Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Air Exceed

National Ambient 
Air Quality 

Standards (ug/m3)

National Ambient 
Air Quality 

Standards Exceed

Health-Based 
Guidelines for 

Acute Exposure 
(µg/m3)

Exposure 
Time (hour)

PARTICULATES

PM-10
PARTICULATE MATTER < 
10 MICRONS 4.16E+00 1.55E+02 µg/m3 AHS-02-TEOM 68 / 68  - 2.29E+01 1.50E+02 1.03E+00

TSP
TOTAL SUSPENDED 
PARTICULATE 8.32E+00 5.00E+02 µg/m3 AHS-02 43 / 43  - 3.88E+01 1.50E+02 3.33E+00

METALS
7429-90-5 ALUMINUM 1.22E-01 J 1.95E+01 µg/m3 AHS-02-TEOM 34 / 73 0.1498 - 10.0304 2.38E+00 5.20E+00 3.75E+00 1.00E+04 0.25 1

7440-36-0 ANTIMONY 1.62E-02 J 2.40E-02 J µg/m3 AHS-03 2 / 73 0.0011 - 0.2614 2.01E-02 2.10E-01 -- --
7440-38-2 ARSENIC 1.18E-04 J 7.49E-03 J µg/m3 AHS-02 19 / 73 0.0001 - 0.25 1.81E-03 5.70E-04 1.31E+01 1.90E-01 4 2

7440-39-3 BARIUM 2.37E-03 J 1.04E-01 J µg/m3 AHS-03 4 / 73 0 - 0.23 5.39E-02 5.20E-01 5.00E+02 0.25 1

7440-41-7 BERYLLIUM 8.51E-04 J 1.60E-02 J µg/m3 AHS-02 2 / 73 0 - 0.0047 8.43E-03 1.00E-03 1.60E+01 2.50E+01 1 3

7440-43-9 CADMIUM 5.32E-05 J 2.47E-03 J µg/m3 AHS-02-TEOM 9 / 73 0 - 0.052 9.61E-04 1.40E-03 1.77E+00 5.00E+00 0.25 1

7440-70-2 CALCIUM 1.70E-01 J 8.70E+00 J µg/m3 AHS-02 11 / 73 0.0032 - 2.6597 1.35E+00 1.00E+04 0.25 1

7440-47-3 CHROMIUM 9.99E-03 J 6.70E-02 J µg/m3 AHS-03 3 / 73 0.0016 - 0.087 3.29E-02 2.00E-04 3.35E+02 1.00E+03 0.25 1

7440-50-8 COPPER 1.25E-03 J 8.81E-01 µg/m3 AHS-02-TEOM 51 / 73 0.0013 - 0.0608 4.58E-02 1.00E+02 1 2

7439-89-6 IRON 1.35E-01 J 2.27E+01 µg/m3 AHS-02 36 / 73 0.1235 - 1.1085 1.30E+00 1.50E+03 0.25 1

7439-92-1 LEAD 8.71E-04 J 1.80E-01 J µg/m3 AHS-02 30 / 73 0.001 - 0.0505 1.44E-02 1.50E-01 1.20E+00 5.00E+01 0.25 1

7440-02-0 NICKEL 5.82E-05 J 9.90E-02 J µg/m3 AHS-02-TEOM 22 / 73 0 - 0.2062 1.01E-02 5.10E-03 1.94E+01 6.00E+00 1 2

7782-49-2 SELENIUM 2.93E-04 J 1.41E-02 J µg/m3 AHS-02 11 / 73 0 - 0.15 2.90E-03 2.00E+02 0.25 1

7440-22-4 SILVER 2.91E-05 J 1.10E-02 J µg/m3 AHS-02-TEOM 8 / 73 0 - 0.044 2.27E-03 1.00E+01 0.25 1

7440-23-5 SODIUM 3.08E-02 J 2.31E+00 J µg/m3 AHS-02-TEOM 21 / 73 0.0129 - 5.6 4.02E-01 5.00E+02 0.25 1

7440-66-6 ZINC 3.88E-03 J 5.41E-01 µg/m3 AHS-02-TEOM 22 / 73 0.0002 - 0.52 6.47E-02 1.00E+04 0.25 1

Notes:
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
µg/m3 = Micrograms per cubic meter.
The EPA Industrial Regional Screening Level is 0.0029 µg/m3 for arsenic.
1 Temporary Emergency Exposure Limits (TEEL-0); intended for use until ERPGs are adopted. TEEL-0 is the concentration below which most people will experience no adverse health effects. Concentrations are peak, 15-min time-weighted averages.
2 California EPA Reference Exposure Levels (CalEPA REL) for 1 or 4 hr maximum concentration, intermittent exposure lasts less than 24 hr and occurs no more than 1 time per month, or no more frequently than every two weeks in a given year.
3 Emergency Response Planning Guidelines (ERPG): 1-hour exposure developed by by American Industrial Hygiene Association

TABLE 5-140
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN AMBIENT AIR

HUMBOLDT SMELTER
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection Limits Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Air Exceed

National Ambient 
Air Quality 

Standards (ug/m3)

National Ambient 
Air Quality 

Standards Exceed

Health-Based 
Guidelines for 

Acute Exposure 
(µg/m3)

Exposure Time 
(hour)

PARTICULATES

PM-10
PARTICULATE MATTER < 
10 MICRONS 6.20E+00 1.29E+02 µg/m3 AES-01 72 / 72  - 2.09E+01 1.50E+02

TSP
TOTAL SUSPENDED 
PARTICULATE 8.32E+00 7.07E+01 µg/m3 AES-01 40 / 40  - 3.04E+01 1.50E+02

METALS
7429-90-5 ALUMINUM 1.07E-01 J 1.51E+00 J µg/m3 AES-01 26 / 75 0.1311 - 1.3978 7.59E-01 5.20E+00 1.00E+04 0.25 1

7440-36-0 ANTIMONY 2.51E-02 J 2.76E-02 J µg/m3 AIK-03 3 / 75 0.0009 - 0.0793 2.61E-02 2.10E-01 -- --
7440-38-2 ARSENIC 1.44E-04 J 1.12E-02 µg/m3 AES-01 17 / 75 0.0001 - 0.0423 1.81E-03 5.70E-04 1.97E+01 1.90E-01 4 2

7440-39-3 BARIUM 4.16E-03 J 1.04E-01 J µg/m3 AHS-02 4 / 75 0 - 0.1195 5.22E-02 5.20E-01 5.00E+02 0.25 1

7440-41-7 BERYLLIUM 4.99E-05 J 1.38E-03 J µg/m3 AIK-03 3 / 75 0 - 0.0053 7.11E-04 1.00E-03 1.38E+00 2.50E+01 1 3

7440-43-9 CADMIUM 5.76E-05 J 5.49E-03 J µg/m3 AES-01-TEOM 8 / 75 0 - 0.0066 1.74E-03 1.40E-03 3.92E+00 5.00E+00 0.25 1

7440-70-2 CALCIUM 1.67E-01 J 2.57E+00 J µg/m3 AES-01 13 / 75 0.0026 - 2.6192 9.06E-01 1.00E+04 0.25 1

7440-47-3 CHROMIUM 6.24E-03 J 6.55E-02 J µg/m3 AIK-03 5 / 75 0.0015 - 0.0678 3.52E-02 2.00E-04 3.27E+02 1.00E+03 0.25 1

7440-50-8 COPPER 1.16E-03 J 1.89E-01 J µg/m3 AHS-02 44 / 75 0.0011 - 0.0244 1.14E-02 1.00E+02 1 2

7439-89-6 IRON 1.23E-01 J 2.25E+00 J µg/m3 AES-01 43 / 75 0.038 - 1.2809 7.63E-01 1.50E+03 0.25 1

7439-92-1 LEAD 7.73E-04 J 8.73E-03 J µg/m3 AES-01 18 / 75 0.0008 - 0.0236 3.03E-03 1.50E-01 5.00E+01 0.25 1

7439-97-6 MERCURY 1.11E-03 J 1.11E-03 J µg/m3 AHS-02 1 / 49 0.0001 - 0.0047 1.11E-03 3.10E-01 1.80E+00 1 2

7440-02-0 NICKEL 9.67E-05 J 2.03E-02 J µg/m3 AHS-02 21 / 75 0 - 0.0339 3.41E-03 5.10E-03 3.97E+00 6.00E+00 1 2

7782-49-2 SELENIUM 2.32E-04 J 1.33E-02 J µg/m3 AES-01 9 / 75 0 - 0.0533 3.52E-03 2.00E+02 0.25 1

7440-22-4 SILVER 4.11E-06 J 2.13E-02 J µg/m3 AES-01-TEOM 6 / 75 0 - 0.0113 1.03E-02 1.00E+01 0.25 1

7440-23-5 SODIUM 1.83E-02 J 2.46E+00 J µg/m3 AIK-03 22 / 75 0.0129 - 2.1182 3.86E-01 5.00E+02 0.25 1

7440-66-6 ZINC 5.29E-03 J 3.26E-02 J µg/m3 AES-01-TEOM 15 / 75 0.0001 - 0.054 1.30E-02 1.00E+04 0.25 2

Notes:
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
µg/m3 = Micrograms per cubic meter.
The EPA Industrial Regional Screening Level is 0.0029 µg/m3 for arsenic.
1 Temporary Emergency Exposure Limits (TEEL-0); intended for use until ERPGs are adopted. TEEL-0 is the concentration below which most people will experience no adverse health effects. Concentrations are peak, 15-min time-weighted averages.
2 California EPA Reference Exposure Levels (CalEPA REL) for 1 or 4 hr maximum concentration, intermittent exposure lasts less than 24 hr and occurs no more than 1 time per month, or no more frequently than every two weeks in a given year.
3 Emergency Response Planning Guidelines (ERPG): 1-hour exposure developed by by American Industrial Hygiene Association

TABLE 5-141
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN AMBIENT AIR

HUMBOLDT - IN-TOWN
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection Limits Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Air Exceed

National Ambient 
Air Quality 

Standards (ug/m3)

National Ambient 
Air Quality 

Standards Exceed

Health-Based 
Guidelines for 

Acute Exposure 
(µg/m3)

Exposure Time 
(hour)

PARTICULATES

PM-10
PARTICULATE MATTER < 
10 MICRONS 4.16E+00 1.55E+02 µg/m3 AHS-02-TEOM 253 / 253  - 2.08E+01 1.50E+02 1.03E+00

TSP
TOTAL SUSPENDED 
PARTICULATE 4.16E+00 5.00E+02 µg/m3 AHS-02 167 / 167  - 2.89E+01 1.50E+02 3.33E+00

METALS
7429-90-5 ALUMINUM 8.73E-02 J 6.39E+01 µg/m3 AHS-01 80 / 277 0.1073 - 10.0304 2.12E+00 5.20E+00 1.23E+01 1.00E+04 0.25 1

7440-36-0 ANTIMONY 3.37E-03 J 4.54E-02 J µg/m3 AHS-01 9 / 277 0.0009 - 0.2614 2.26E-02 2.10E-01 -- --
7440-38-2 ARSENIC 1.18E-04 J 3.54E-02 J µg/m3 AIK-01 72 / 277 0.0001 - 0.25 3.87E-03 5.70E-04 6.20E+01 1.90E-01 4 2

7440-39-3 BARIUM 1.08E-03 J 1.14E-01 J µg/m3 AHS-01 19 / 277 0 - 0.23 4.53E-02 5.20E-01 5.00E+02 0.25 1

7440-41-7 BERYLLIUM 4.99E-05 J 1.60E-02 J µg/m3 AHS-02 7 / 277 0 - 0.0061 3.10E-03 1.00E-03 1.60E+01 2.50E+01 1 3

7440-43-9 CADMIUM 5.32E-05 J 5.49E-03 J µg/m3 AES-01-TEOM 31 / 277 0 - 0.052 1.26E-03 1.40E-03 3.92E+00 5.00E+00 0.25 1

7440-70-2 CALCIUM 3.58E-02 J 8.70E+00 J µg/m3 AHS-02 42 / 277 0.0026 - 66.2722 9.54E-01 1.00E+04 0.25 1

7440-47-3 CHROMIUM 2.83E-03 J 1.29E-01 µg/m3 AIK-02 19 / 277 0.0015 - 0.2105 3.80E-02 2.00E-04 6.45E+02 1.00E+03 0.25 1

7440-50-8 COPPER 4.93E-04 J 8.81E-01 µg/m3 AHS-02-TEOM 150 / 277 0.0003 - 0.1321 2.34E-02 1.00E+02 1 2

7439-89-6 IRON 1.23E-01 J 2.57E+01 µg/m3 AHS-01 139 / 277 0.038 - 1.5851 1.07E+00 1.50E+03 0.25 1

7439-92-1 LEAD 6.24E-04 J 1.80E-01 J µg/m3 AHS-02 89 / 277 0.0002 - 0.096 8.62E-03 1.50E-01 1.20E+00 5.00E+01 0.25 1

7439-97-6 MERCURY 5.80E-04 J 1.12E-03 J µg/m3 AIK-01 3 / 202 0.0001 - 0.0047 9.36E-04 3.10E-01 1.80E+00 1 2

7440-02-0 NICKEL 5.82E-05 J 1.37E-01 µg/m3 AIK-02 64 / 277 0 - 0.2062 8.95E-03 5.10E-03 2.69E+01 6.00E+00 1 2

7782-49-2 SELENIUM 2.32E-04 J 2.22E-02 J µg/m3 AIK-02 38 / 277 0 - 0.15 4.18E-03 2.00E+02 0.25 1

7440-22-4 SILVER 4.11E-06 J 2.13E-02 J µg/m3 AES-01-TEOM 20 / 277 0 - 0.044 5.76E-03 1.00E+01 0.25 1

7440-23-5 SODIUM 1.83E-02 J 3.66E+00 J µg/m3 AIK-01 78 / 277 0.0129 - 5.6 4.85E-01 5.00E+02 0.25 1

7440-66-6 ZINC 2.49E-03 J 5.41E-01 µg/m3 AHS-02-TEOM 53 / 277 0.0001 - 0.52 3.89E-02 1.00E+04 0.25 2

Notes:
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
µg/m3 = Micrograms per cubic meter.
The EPA Industrial Regional Screening Level is 0.0029 µg/m3 for arsenic.
1 Temporary Emergency Exposure Limits (TEEL-0); intended for use until ERPGs are adopted. TEEL-0 is the concentration below which most people will experience no adverse health effects. Concentrations are peak, 15-min time-weighted averages.
2 California EPA Reference Exposure Levels (CalEPA REL) for 1 or 4 hr maximum concentration, intermittent exposure lasts less than 24 hr and occurs no more than 1 time per month, or no more frequently than every two weeks in a given year.
3 Emergency Response Planning Guidelines (ERPG): 1-hour exposure developed by by American Industrial Hygiene Association

TABLE 5-142
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN AMBIENT AIR

SITE
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Sample Group Sample ID Duplicate Method Result

Assay Laboratory HS-AS-1 EPA R9 Laboratory SOP 490 No Asbestos Detected

Assay Laboratory HS-AS-2 EPA R9 Laboratory SOP 490 No Asbestos Detected

Assay Laboratory HS-AS-3 EPA R9 Laboratory SOP 490 No Asbestos Detected

Assay Laboratory HS-AS-4 EPA R9 Laboratory SOP 490 No Asbestos Detected

Assay Laboratory HS-AS-4-D HS-AS-4 EPA R9 Laboratory SOP 490 No Asbestos Detected

Smelter HS-AS-5 EPA R9 Laboratory SOP 490 Asbestos Detected.

Smelter HS-AS-6 EPA R9 Laboratory SOP 490 No Asbestos Detected

Smelter HS-AS-7 EPA R9 Laboratory SOP 490 Asbestos Detected.

Smelter HS-AS-8 EPA R9 Laboratory SOP 490 Asbestos Detected.

Glory Hole IKJ-511-0-0_3 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKJ-511-4-6_5 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKV-132-0-2 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKV-132-4-7 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKV-132-4-7-D IKV-132-4-7 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKV-132-5_5-5_7 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKV-132-5-5_3 EPA R9 Laboratory SOP 490 No Asbestos Detected

Glory Hole IKV-133-0_5-0_7 EPA R9 Laboratory SOP 490 No Asbestos Detected

Iron King Op Area IKJ-552-0-6 EPA R9 Laboratory SOP 490 No Asbestos Detected

Iron King Op Area IKJ-553-0-6 EPA R9 Laboratory SOP 490 No Asbestos Detected

Iron King Op Area IKJ-554-0-6 EPA R9 Laboratory SOP 490 No Asbestos Detected

Humboldt Smelter Operations Area HS-AS-10 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-11 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-12 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-13 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-14 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-15 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-16 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-17 CARB Method 435 400 - Total Points or 1% (4 Points Counted)

Humboldt Smelter Operations Area HS-AS-18 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-19 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-20 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-21 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-22 CARB Method 435 No Point Count Performed - CARB Exception I

Humboldt Smelter Operations Area HS-AS-92 HS-AS-22 CARB Method 435 No Point Count Performed - CARB Exception I

Notes:

BOLD = Bold cells indicate that the sample was positive for the presence of asbestos.

CARB = California Air Resources Board

Dup = Duplicate sample

EPA R9 = Environmental Protection Agency Region 9

SOP = Standard Operating Proceedure

TABLE 5-143
ASBESTOS SAMPLING RESULTS
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Principal 
Threat 
Waste

Low-level 
Threat 
Waste

Source 
Volume

(cy3)

Surface 
Water 

Transport 

Surface 
Water 

Partitioning 

Air 
Particulate 
Migration 

Leaching to 
Ground 
Water 

Ground 
Water to 
Surface 
Water 

Iron King Mine Iron King Mine Main Tailings Pile SS, SB, DP X X X Generates AMD

Iron King Mine Impoundment-Pond - Iron King Mine Main Tailings Pile SS X X X X Generates AMD

Iron King Mine Iron King Mine Mine Plant SS 14,800 X X

Iron King Mine Impoundment-Pond - Iron King Mine Mine Plant SS 4,400 X X

Iron King Mine Iron King Mine Operations Area SS, SB 90,800 X X

Iron King Mine Iron King Mine Glory Hole X X X

Iron King Mine Iron King Mine Operations Area - Miscellaneous SS 7,400 X X

Iron King Mine Iron King Mine Small Tailings Pile SS, SB 22,200 X X Generates AMD

Iron King Mine Iron King Mine Former Fertilizer Plant SS 11,100 X X

Iron King Mine Iron King Mine Salvage Yard X X

Humboldt Smelter Humboldt Smelter Ash Pile SS, SB 250,000 X X

Humboldt Smelter Humboldt Smelter Slag SS, SB, DP 1.7 million X X

Humboldt Smelter Humboldt Smelter Operations Area SS, SB (1) 42,200 X X  (1)Asbestos Related

Humboldt Smelter Impoundment-Pond - Humboldt Smelter SS 3,000 X X

Humboldt Smelter Humboldt Smelter Off-site Migration X X

Humboldt Smelter Humboldt Smelter Tailings Pile SS, SB 185,000 X X X

Waterways Galena Gulch SS 37,000 X X

Waterways Upper Chaparral Gulch SS ?? X X

Waterways Middle Chaparral Gulch SS 37,000 X X

Waterways Lower Chaparral Gulch SS, SB, DP 417,000 X X X X X Generates AMD

Waterways Lower Chaparral Gulch Dam-Confluence SS 18,000 X X

Waterways Agua Fria SS 6,700 X X

Off-Site Soil Off-site Soil Area 02 through 020 X X

Off-Site Soil Off-site Soil Area 101 through 148 X X

Off-Site Soil Background Soil Type 1 through 3 X X

Off-Site Soil Off-site Soil Background H1 and H2 X X

Ground Water Ground Water X

Notes:
cy3 = Cubic yards
AMD = Acid mine drainage
SS = Surface soil/sediment from 0 to 2-feet bgs
SB = Subsurface soil from 2 to 10-feet bgs
DP = Deep soil > 10-feet bgs

Notes

TABLE 5-144
CONCEPTUAL SITE MODEL SUMMARY

6.4 million

Area of Investigation Sample Group

Source Characterization Complete Migration Pathways
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Surface Soil & Sediment (1)
(0 to 2-Feet BGS)

Subsurface Soil (5)
(2 to 10-Feet BGS)

Impoundment/Pond 
Surface Water

Aquatic Environment 
Surface Water

Aquatic Environment 
Sediment Ground Water

Ingestion, Dermal Contact, 
and Inhalation

Ingestion, Dermal Contact, 
and Inhalation Ingestion Ingestion Ingestion, Dermal Contact, 

and Inhalation Ingestion and Inhalation

Ground Water Ground Water -- -- -- -- -- Res (6)

Humboldt Smelter Humboldt Smelter Ash Pile Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Humboldt Smelter Humboldt Smelter Operations Area Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Humboldt Smelter Humboldt Smelter Off-site Migration Res, C/I, CW, R/T -- -- -- -- --

Humboldt Smelter Humboldt Smelter Slag Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Humboldt Smelter Humboldt Smelter Tailings Pile Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Humboldt Smelter Impoundment-Pond - Humboldt Smelter Res, C/I, CW, R/T -- Res (3) -- -- --

Iron King Mine Iron King Mine Former Fertilizer Plant Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Glory Hole Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Mine Plant Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Main Tailings Pile Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Operations Area Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Operations Area - Miscellaneous Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Small Tailings Pile Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Iron King Mine Iron King Mine Salvage Yard Res, C/I, CW, R/T -- -- -- -- --

Iron King Mine Impoundment-Pond - Iron King Mine Mine Plant Res, C/I, CW, R/T -- Res (3) -- -- --

Iron King Mine Impoundment-Pond - Iron King Mine Main Tailings Pile Res, C/I, CW, R/T -- Res (3) -- -- --

Off-Site Soil Background Soil Type 1 Res, C/I, CW, R/T -- -- -- -- --

Off-Site Soil Background Soil Type 2 Res, C/I, CW, R/T -- -- -- -- --

Off-Site Soil Background Soil Type 3 Res, C/I, CW, R/T -- -- -- -- --

Off-Site Soil Off-site Soil Background H1 and H2 Res, C/I, CW, R/T -- -- -- -- --

Off-Site Soil Background Sample Res, C/I, CW, R/T -- -- -- -- --

Off-Site Soil Off-site Soil Area 02 Through Area 20 Res A/C (2) -- -- -- -- --

Off-Site Soil Off-site Soil Area 101 Through 148 Res A/C (2) -- -- -- -- --

Off-Site Soil Off-site Soil Res A/C (2) Res (2) -- -- -- --

Waterways Agua Fria -- -- -- R/T (4) R/T (4) --

Waterways Background Agua Fria -- -- -- R/T (4) R/T (4) --

Waterways Chaparral Gulch Res, C/I, CW, R/T -- -- -- -- --

Waterways Galena Gulch Res, C/I, CW, R/T -- -- -- -- --

Waterways Background Galena Gulch Res, C/I, CW, R/T -- -- -- -- --

Waterways Lower Chaparral Gulch Res, C/I, CW, R/T Res, C/I, CW, R/T -- -- -- --

Waterways Lower Chaparral Gulch Dam-Confluence -- -- -- R/T (4) R/T (4) --

Waterways Middle Chaparral Gulch Res, C/I, CW, R/T -- -- -- -- --

Waterways Upper Chaparral Gulch Res, C/I, CW, R/T -- -- -- -- --

Waterways Background Chaparral Gulch Res, C/I, CW, R/T -- -- -- -- --

Notes:
-- = Not applicable

C/I = Commercial/Industrial Worker

CW = Construction Worker

Res = Adult/Child Resident - The Adult/Child Resident exposure scenario represents the unrestricted reuse scenario.

R/T = Recreational or Trespasser

(1)  Surface soil or sediment in Iron King Mine, Humboldt Smelter, or Waterway Areas of Interest.  Sediments that are dry for most of the year are evaluated as surface soil.

(2)  Surface soil collected from residential properties in the Off-site Soil Area of Interest is evaluted for the unrestricted reuse scenario (i.e., residential exposure).

(3)  Impoundment or Pond surface water is transient.  Surface water is evaluated utilizing a quantiative screening evaluation.  Sediments are evaluated as surface soil.

(4)  Agua Fria and Lower Chaparral Gulch - Dam to Confluence is an aquatic environment for most of the year.  Because some of these generally aquatic sediments may be dry for a portion of the year, inhalation of particulates is evaluated.

(5)  Subsurface soil in Iron King Mine, Humboldt Smelter, or Waterway Areas of Interest.  Commercial/industrial and residential exposure evaluated in the event that intrusive subsurface activities bring subsurface soil to the surface for exposure.

(6)  Pathway evaluated utilizing a quatitative screening evaluation.

Area of 
Investigation Sample Group

TABLE 6-1
EXPOSURE AREAS AND EXPOSURE SCENARIOS
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Variable Definition Units Adult Resident Child Resident Commercial/Industrial Worker Construction Worker Adult Tresspasser/Recreational Child Tresspasser/Recreational

RME REFERENCE RME REFERENCE RME REFERENCE RME REFERENCE RME REFERENCE RME REFERENCE

Ingestion of Soil/Sediment
IR Ingestion Rate mg/day 100 EPA 1991b 200 EPA 1991b 100 EPA 1991b 330 EPA 2002a 100 EPA 1991b 200 EPA 1991b

EF Exposure Frequency day/yr 350 EPA 1991b 350 EPA 1991b 250 EPA 1991b 250 EPA 1991b 250 BPJ (2) 250 BPJ (2)

ED Exposure Duration yr 24 EPA 1991b 6 EPA 1991b 25 EPA 1991b 1 BPJ (1) 24 EPA 1991b 6 EPA 1991b

BW Body Weight kg 70 EPA 1991b 15 EPA 1991b 70 EPA 1989b 70 EPA 1989b 70 EPA 1991b 15 EPA 1991b

AT-NC Averaging time - Noncancer days 8,760 EPA 1989b 2,190 EPA 1989b 9,125 EPA 1989b 365 EPA 1989b 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor kg/mg 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b

Dermal Contact With Soil/Sediment
SA Surface Area for Contact cm2/event 5,700 EPA 2004b 2,800 EPA 2004b 3,300 EPA 2004b 3,300 EPA 2004b 5,700 EPA 2004b 3,000 EPA 2004b

AF Adherence Factor mg/cm2 0.07 EPA 2004b 0.2 EPA 2004b 0.2 EPA 2004b 0.3 EPA 2004b 0.07 EPA 2004b 0.2 EPA 2004b

EF Exposure Frequency event/yr 350 EPA 1991b 350 EPA 1991b 250 EPA 1991b 250 EPA 1991b 250 BPJ (2) 250 BPJ (2)

ED Exposure Duration yr 24 EPA 1991b 6 EPA 1991b 25 EPA 1991b 1 BPJ (1) 24 EPA 1991b 6 EPA 1991b

BW Body Weight kg 70 EPA 1991b 15 EPA 1991b 70 EPA 1989b 70 EPA 1989b 70 EPA 1991b 15 EPA 1991b

AT-NC Averaging time - Noncancer days 8,760 EPA 1989b 2,190 EPA 1989b 9,125 EPA 1989b 365 EPA 1989b 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor kg/mg 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b

Inhalation from Soil/Sediment
ET Exposure Time hr/day 24 EPA 1991b 24 EPA 1991b 8 EPA 1991b 8 EPA 1991b 1 BPJ (3) 2 BPJ (3)

EF Exposure Frequency day/yr 350 EPA 1991b 350 EPA 1991b 250 EPA 1991b 250 EPA 1991b 250 BPJ (2) 250 BPJ (2)

ED Exposure Duration yr 24 EPA 1991b 6 EPA 1991b 25 EPA 1991b 1 BPJ (1) 24 EPA 1991b 6 EPA 1991b

AT-NC Averaging time - Noncancer days 8,760 EPA 1989b 2,190 EPA 1989b 9,125 EPA 1989b 365 EPA 1989b 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor day/yr 1 1 1 1 1 1

Ingestion of Surface Water
IR Ingestion Rate L/hr NA NA NA NA NA NA NA NA 0.05 BPJ (5) 0.05 BPJ (5)

ET Exposure Time hr/day NA NA NA NA NA NA NA NA 1 BPJ (3) 2 BPJ (3)

EF Exposure Frequency day/yr NA NA NA NA NA NA NA NA 52 BPJ (4) 52 BPJ (4)

ED Exposure Duration yr NA NA NA NA NA NA NA NA 24 EPA 1991b 6 EPA 1989b

BW Body Weight kg NA NA NA NA NA NA NA NA 70 EPA 1989b 15 EPA 1989b

AT-NC Averaging time-Noncancer days NA NA NA NA NA NA NA NA 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days NA NA NA NA NA NA NA NA 25,550 EPA 1989b 25,550 EPA 1989b

Dermal Contact with Surface Water
SA Surface Area for Contact cm2 NA NA NA NA NA NA NA NA 5,700 EPA 2004b 3,000 EPA 2004c

ET Exposure Time hr/day NA NA NA NA NA NA NA NA 1 BPJ (3) 2 BPJ (3)

EF Exposure Frequency day/yr NA NA NA NA NA NA NA NA 52 BPJ (4) 52 BPJ (4)

ED Exposure Duration yr NA NA NA NA NA NA NA NA 24 EPA 1991b 6 EPA 1989b

BW Body Weight kg NA NA NA NA NA NA NA NA 70 EPA 1989b 15 EPA 1989b

AT-NC Averaging time - Noncancer days NA NA NA NA NA NA NA NA 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days NA NA NA NA NA NA NA NA 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor L/cm3 NA NA NA NA NA NA NA NA 0.001 EPA 1989b 0.001 EPA 1989b

TABLE 6-2
HUMAN HEALTH EXPOSURE PARAMETERS
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Variable Definition Units Adult Resident Child Resident Commercial/Industrial Worker Construction Worker Adult Tresspasser/Recreational Child Tresspasser/Recreational

RME REFERENCE RME REFERENCE RME REFERENCE RME REFERENCE RME REFERENCE RME REFERENCE

TABLE 6-2
HUMAN HEALTH EXPOSURE PARAMETERS

Ingestion of Aquatic Sediment
IR Ingestion Rate mg/day NA NA NA NA NA NA NA NA 100 EPA 1991b 200 EPA 1991b

EF Exposure Frequency day/yr NA NA NA NA NA NA NA NA 52 BPJ (4) 52 BPJ (4)

ED Exposure Duration yr NA NA NA NA NA NA NA NA 24 EPA 1991b 6 EPA 1991

BW Body Weight kg NA NA NA NA NA NA NA NA 70 EPA 1991b 15 EPA 1991

AT-NC Averaging time - Noncancer days NA NA NA NA NA NA NA NA 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days NA NA NA NA NA NA NA NA 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor kg/mg NA NA NA NA NA NA NA NA 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b

Dermal Contact with Aquitic Sediment
SA Surface Area for Contact cm2/event NA NA NA NA NA NA NA NA 5,700 EPA 2004b 3,000 EPA 2004b  

AF Adherence Factor mg/cm2 NA NA NA NA NA NA NA NA 0.07 EPA 2004b 0.2 EPA 2004b (3)

EF Exposure Frequency event/yr NA NA NA NA NA NA NA NA 52 BPJ (4) 52 BPJ (4)

ED Exposure Duration yr NA NA NA NA NA NA NA NA 24 EPA 1991 6 EPA 1991

BW Body Weight kg NA NA NA NA NA NA NA NA 70 EPA 1991 15 EPA 1991

AT-NC Averaging time - Noncancer days NA NA NA NA NA NA NA NA 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days NA NA NA NA NA NA NA NA 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor kg/mg NA NA NA NA NA NA NA NA 1.00E-06 EPA 1989b 1.00E-06 EPA 1989b

Inhalation from Dry Aquatic Sediment
ET Exposure Time hr/day NA NA NA NA NA NA NA NA 1 BPJ (3) 2 BPJ (3)

EF Exposure Frequency day/yr NA NA NA NA NA NA NA NA 52 BPJ (4) 52 BPJ (4)

ED Exposure Duration yr NA NA NA NA NA NA NA NA 24 EPA 1991b 6 EPA 1991b

AT-NC Averaging time - Noncancer days NA NA NA NA NA NA NA NA 8,760 EPA 1989b 2,190 EPA 1989b

AT-C Averaging Time - Cancer days NA NA NA NA NA NA NA NA 25,550 EPA 1989b 25,550 EPA 1989b

CF Conversion Factor day/yr NA NA NA NA NA NA NA NA 1 1

Notes:
BPJ Best Professional Judgement

RME Reasonable Maximum Exposure

(1) Construction events are assumed to extend for up to one year per trade.

(2) Tresspasser/Recreational exposure is assumed to be approximately 5 days a week.  Value utilized at other Superfund Sites in Arizona.

(3) Tresspasser/Recreational exposure is assumed to be approximately 1 hour for an adult and 2 hours for a child a day.  Value based on discussions with community members.

(4) Tresspasser/Recreational exposure is assumed to be an average of 2 days a week for 6 months of the year.  Similar value utilized at other Superfund Sites in Arizona.

(5) Tresspasser/Recreational exposure is assumed to incidentally ingest 50 mL of water per hour.  Value utilized at other Superfund Sites in Arizona.
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Exposure Parameter Parameter Definition Units Intake Equation/

Route Code Model Name

Ingestion CS Chemical Concentration in Soil mg/kg Intake (mg/kg-day) = 

  (CS x BAF x IR x EF x ED x MCF) / (BW x AT)

IR Ingestion Rate - Soil mg/day

BAF Bioavailability Factor unitless

EF Exposure Frequency days/year

ED Exposure Duration years

MCF Mass Conversion Factor kg/mg

BW Body Weight kg

AT-C Averaging Time - Cancer days

AT-NC Averaging Time - Noncancer days

Dermal CS Chemical Concentration in Soil mg/kg Intake (mg/kg-day) = 

  (CS x ABS x SA x AF x EF x ED x MCF)

         / (BW x AT)

ABS Dermal Absorption Factor unitless

SA Exposed Skin Surface Area cm2

AF Soil to Skin Adherence Factor mg/cm2

EF Exposure Frequency days/year

ED Exposure Duration years

MCF Mass Conversion Factor kg/mg

BW Body Weight kg

AT-C Averaging Time - Cancer days

AT-NC Averaging Time - Noncancer days

TABLE 6-3
EPA RAGS PART D TABLE 4, EQUATIONS USED FOR DAILY INTAKE SOIL/SEDIMENT EXPOSURES



2 of 2

    

Exposure Parameter Parameter Definition Units Intake Equation/

Route Code Model Name

TABLE 6-3
EPA RAGS PART D TABLE 4, EQUATIONS USED FOR DAILY INTAKE SOIL/SEDIMENT EXPOSURES

Inhalation CA Chemical Concentration in Air mg/m3 Intake (mg/m3) = 

   (CA x ET x EF x ED) / (AT)

ET Exposure Time hours/day where CA= CS / PEF for particulates, and 

EF Exposure Frequency days/year             CA= CS / VF for volatiles

ED Exposure Duration years PEF = 1.32E+09

AT-C Averaging Time - Cancer days

AT-NC Averaging Time - Noncancer days

Notes:
cm2 

Square centimeter mg/kg Milligram per kilogram

days/year Days per year mg/m3
Milligram per cubic meter

EPA U.S. Environmental Protection Agency m3/hour Cubic meter per hour

EPC Exposure point concentration m3/kg Cubic meter of air per kg soil (from mg/m3-air per mg/kg-soil)

hours/day Hour per day PEF Particulate emission factor

kg Kilogram RAGS Risk Assessment Guidance for Superfund

kg/mg Kilogram per milligram RME Reasonable maximum exposure

mg/cm2 
Milligram per square centimeter VF Volatilization factor

mg/day Milligram per day
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Exposure Parameter Parameter Definition Units Intake Equation/

Route Code Model Name

Ingestion CW Chemical Concentration in Water mg/L Intake (mg/kg-day) = 

(CW x WC x EF x ED) / (BW x AT)

WC Water Consumption Rate liters/day

EF Exposure Frequency days/year

ED Exposure Duration years

BW Body Weight kg

AT-C Averaging Time - Cancer days

AT-NC Averaging Time - Noncancer days

Dermal CW Chemical Concentration in Water mg/L Intake (mg/kg-day) = 

(CW x SAw x PC x ET x EF x ED x 0.001)

        / (BW x AT)

SAw Surface Area cm2

PC Dermal Permeability Coefficient cm/hr

ET Exposure Time hours/day

EF Exposure Frequency days/year

ED Exposure Duration years

0.001 Volumetric Conversion Factor L/cm3

BW Body Weight kg

AT-C Averaging Time - Cancer days

AT-NC Averaging Time - Noncancer days

Notes:
cm2 

Square centimeter L/cm3
Liter per cubic centimeter

cm/hr Centimeter per hour m3/hour  Cubic meter per hour

days/year Day per year mg/kg-day Milligram per kilogram per day

EPA U.S. Environmental Protection Agency mg/m3
Milligram per cubic meter

EPC Exposure Point Concentration mg/L Milligram per liter

hours/day Hour per day RAGS Risk Assessment Guidance for Superfund

hours/day Hour per day RME Reasonable maximum exposure

kg Kilogram

TABLE 6-4
EPA RAGS PART D TABLE 4, EQUATIONS USED FOR DAILY INTAKE SURFACE WATER EXPOSURES
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Chemical of Potential Concern Oral RfD Value 
(mg/kg-day)

Oral to Dermal 
Adjustment Factor 

(GI ABS)

Adjusted Dermal 
RfD 

(mg/kg-day)
Sources of RfD

Value Inhalation 
(RfC) (mg/m3)

Sources of RfC Primary Target Organ
Combined 

Uncertainty/ 
Modifying Factors

Oral Cancer Slope 
Factor

per (mg/kg-day)

Oral Absorption 
Efficiency for Dermal 

(GI ABS)

Absorbed Cancer 
Slope Factor for 

Dermal
per (mg/kg-day)

Sources for Cancer 
Slope Factor

Unit Risk Value
(1/mg/m3)

Sources for Unit Risk

Dioxin/Furans
DIOXIN (TEQ) 1.00E-09 1 1.00E-09 ATSDR 0.00000004 CalEPA Liver NA/NA 1.30E+05 1 1.30E+05 CalEPA 3.80E+01 CalEPA

Explosives
PERCHLORATE 7.00E-04 1 7.00E-04 IRIS NA NA NA NA/NA NA 1 NA NA NA

Inorganics
ALUMINUM 1.00E+00 1 1.00E+00 PPRTV 5.00E-03 PPRTV Central Nervous System 100/3 NA 1 NA PPRTV NA PPRTV
ANTIMONY 4.00E-04 0.15 6.00E-05 IRIS NA IRIS Blood glucose and cholesterol 1000/1 NA 0.15 NA IRIS NA IRIS
ARSENIC 3.00E-04 1 3.00E-04 IRIS 1.50E-05 CalEPA Skin 3/1 1.50E+00 1 1.50E+00 IRIS 4.30E-03 IRIS
BARIUM 2.00E-01 0.07 1.40E-02 IRIS 5.00E-04 HEAST Kidneys 300/1 NA 0.07 NA IRIS NA IRIS
BERYLLIUM 2.00E-03 0.007 1.40E-05 IRIS 2.00E-05 IRIS Intestines 300/1 NA 0.007 NA IRIS 2.40E-03 IRIS
CADMIUM 5.00E-04 0.025 1.25E-05 IRIS 1.00E-05 ATSDR Kidneys 10/1 NA 0.025 NA IRIS 1.80E-03 IRIS
CHROMIUM III 1.50E+00 0.013 1.95E-02 IRIS NA IRIS None 100/10 NA 0.013 NA IRIS NA IRIS
CHROMIUM VI 3.00E-03 0.025 7.50E-05 IRIS 1.00E-04 IRIS None 300/3 NA 0.025 NA IRIS 1.20E-02 IRIS
CHROMIUM, TOTAL 3.00E-03 0.013 3.90E-05 IRIS 1.00E-04 IRIS None 300/3 NA 0.013 NA IRIS 1.20E-02 IRIS
COBALT 3.00E-04 1 3.00E-04 PPRTV 6.00E-06 PPRTV Respiratory System 3/1 NA 1 NA PPRTV 9.00E-03 PPRTV
COPPER 4.00E-02 1 4.00E-02 HEAST NA IRIS Gastrointestinal System 1000/1 NA 1 NA IRIS NA IRIS
CYANIDE 2.00E-02 1 2.00E-02 IRIS NA IRIS None 100/5 NA 1 NA IRIS NA IRIS
IRON 7.00E-01 1 7.00E-01 PPRTV NA PPRTV None NA/NA NA 1 NA PPRTV NA PPRTV
MANGANESE 2.40E-02 0.04 9.60E-04 IRIS 5.00E-05 IRIS Central Nervous System 1/3 NA 0.04 NA IRIS NA IRIS
MERCURY 3.00E-04 1 3.00E-04 IRIS 3.00E-04 IRIS Central Nervous System 10/1 NA 1 NA IRIS NA IRIS
MOLYBDENUM 5.00E-03 1 5.00E-03 IRIS NA IRIS Blood 30/1 NA 1 NA IRIS NA IRIS
NICKEL 2.00E-02 0.04 8.00E-04 IRIS 0.00009 ATSDR None 300/1 NA 0.04 NA IRIS 2.60E-04 CalEPA
SELENIUM 5.00E-03 1 5.00E-03 IRIS NA IRIS Hair and Skin 3/1 NA 1 NA IRIS NA IRIS
SILVER 5.00E-03 0.04 2.00E-04 IRIS NA IRIS Skin 3/1 NA 0.04 NA IRIS NA IRIS
THALLIUM 6.50E-05 1 6.50E-05 IRIS NA IRIS Liver, Blood 3000/1 NA 1 NA IRIS NA IRIS
VANADIUM 5.00E-03 1 5.00E-03 IRIS NA IRIS Kidneys 100/1 NA 1 NA IRIS NA IRIS

ZINC 3.00E-01 1 3.00E-01 IRIS NA IRIS Blood 3/1 NA NA NA IRIS NA IRIS

PAHs
ACENAPHTHENE 6.00E-02 1 6.00E-02 IRIS NA NA NA NA/NA NA NA NA NA NA NA
ANTHRACENE 3.00E-01 1 3.00E-01 IRIS NA NA NA NA/NA NA NA NA NA NA NA
BENZ(A)ANTHRACENE NA 1 NA EPA-NCEA NA EPA-NCEA NA NA/NA 7.30E-01 NA 7.30E-01 NA 0.00011 CalEPA
BENZO(B)FLUORANTHENE NA 1 NA EPA-NCEA NA IRIS NA NA/NA 7.30E-01 1 7.30E-01 IRIS 1.10E-04 CalEPA
BENZO(G,H,I)PERYLENE 4.00E-02 1 4.00E-02 IRIS NA NA Liver 3000/1 NA 1 NA NA NA NA
BENZO(K)FLUORANTHENE NA 1 NA EPA-NCEA NA NA NA NA/NA 7.30E-02 1 7.30E-02 NA 0.00011 CalEPA
BENZO(A)PYRENE NA 1 NA IRIS NA IRIS NA NA/NA 7.30E+00 1 7.30E+00 IRIS 1.10E-03 CalEPA
CHRYSENE NA 1 NA EPA-NCEA NA EPA-NCEA NA NA/NA 7.30E-03 NA 7.30E-03 NA 0.000011 CalEPA
FLUORANTHENE 4.00E-02 1 4.00E-02 IRIS NA NA Liver 3000/1 NA NA NA NA NA NA
INDENO(1,2,3-C,D)PYRENE NA 1 NA EPA-NCEA NA EPA-NCEA NA NA/NA 7.30E-01 NA 7.30E-01 NA 1.10E-04 NA
PHENANTHRENE 3.00E-01 1 3.00E-01 IRIS NA NA None 3000/1 NA NA NA NA NA NA

PYRENE 3.00E-02 1 3.00E-02 IRIS NA NA Kidneys 3000/1 NA NA NA NA NA NA

Pesticides/PCBs
BETA-BHC NA 1 NA IRIS NA NA NA NA/NA 1.80E+00 1 1.80E+00 IRIS 0.00053 IRIS
DELTA-BHC 3.00E-04 1 3.00E-04 IRIS NA IRIS Liver and Kidney 1000/1 1.10E+00 1 1.10E+00 CalEPA 3.10E-04 CalEPA
GAMMA-BHC (LINDANE) 3.00E-04 1 3.00E-04 IRIS NA NA Liver and Kidney 1000/1 1.10E+00 1 1.10E+00 CalEPA 3.10E-04 CalEPA
ALDRIN 3.00E-05 1 3.00E-05 IRIS NA NA Liver 1000/1 1.70E+01 NA 1.70E+01 IRIS 4.9E-03 IRIS
ALPHA-CHLORDANE 5.00E-04 1 5.00E-04 IRIS Liver 300/1 3.50E-01 NA 3.50E-01 IRIS 1.0E-04 IRIS
GAMMA-CHLORDANE 5.00E-04 1 5.00E-04 IRIS Liver 300/1 3.50E-01 NA 3.50E-01 IRIS 1.0E-04 IRIS
CHLORDANE 5.00E-04 1 5.00E-04 IRIS Liver 300/1 3.50E-01 NA 3.50E-01 IRIS 1.0E-04 IRIS
DIELDRIN 5.00E-05 1 5.00E-05 IRIS NA NA Liver 100/1 1.60E+01 NA 1.60E+01 IRIS 0.0046 IRIS
4,4'-DDD NA 1 NA IRIS 7.0E-04 IRIS NA NA/NA 2.40E-01 NA 2.40E-01 IRIS 0.000069 CalEPA
4,4'-DDE NA 1 NA IRIS 7.0E-04 IRIS NA NA/NA 3.40E-01 NA 3.40E-01 IRIS 0.000097 CalEPA
4,4'-DDT 5.00E-04 1 5.00E-04 IRIS 7.0E-04 IRIS Liver 100/1 3.40E-01 NA 3.40E-01 IRIS 0.000097 IRIS
ENDRIN 3.00E-04 1 3.00E-04 IRIS NA NA Liver 100/1 NA NA NA NA NA NA

ENDRIN ALDEHYDE 3.00E-04 1 3.00E-04 IRIS NA NA Liver 100/1 NA NA NA NA NA NA

ENDOSULFAN I 6.00E-03 1 6.00E-03 IRIS NA NA Central Nervous System 100/1 NA NA NA NA NA NA

ENDOSULFAN II 6.00E-03 1 6.00E-03 IRIS NA NA Central Nervous System 100/1 NA NA NA NA NA NA

ENDOSULFAN SULFATE 6.00E-03 1 6.00E-03 IRIS NA NA Central Nervous System 100/1 NA NA NA NA NA NA

HEPTACHLOR 5.00E-04 1 5.00E-04 IRIS NA NA Liver 300/1 4.50E+00 NA 4.50E+00 IRIS 1.30E-03 IRIS
HEPTACHLOR EPOXIDE 1.30E-05 1 1.30E-05 IRIS NA NA Liver 1000/1 9.10E+00 NA 9.10E+00 IRIS 2.60E-03 IRIS
METHOXYCHLOR 5.00E-03 1 5.00E-03 IRIS NA NA None 1000/1 NA NA NA NA NA NA

AROCLOR-1242 NA 1 NA IRIS NA NA NA NA/NA 2.00E+00 NA 2.00E+00 IRIS 5.7E-04 IRIS

AROCLOR-1248 NA 1 NA IRIS NA NA NA NA/NA 2.00E+00 NA 2.00E+00 IRIS 5.7E-04 IRIS

AROCLOR-1254 2.00E-05 1 2.00E-05 IRIS NA NA NA NA/NA 2.00E+00 NA 2.00E+00 IRIS 5.7E-04 IRIS

AROCLOR-1260 NA 1 NA IRIS NA NA NA NA/NA 2.00E+00 NA 2.00E+00 IRIS 5.7E-04 IRIS

Semivolatiles
BIS(2-ETHYLHEXYL)PHTHALATE 2.00E-02 1 2.00E-02 IRIS NA IRIS Liver 1000/1 1.40E-02 1 1.40E-02 IRIS 0.0000024 CalEPA

BUTYLBENZYLPHTHLATE 2.00E-01 1 2.00E-01 IRIS NA NA Liver 1000/1 1.9E-03 1 1.9E-03 PPRTV NA NA

CAPROLACTAM 5.00E-01 1 5.00E-01 IRIS NA NA Body Weight 100/1 NA NA NA NA NA NA

4-CHLOROANALINE 4.00E-03 1 4.00E-03 IRIS NA IRIS Spleen 3000/1 2.00E-01 NA 2.00E-01 PPRTV NA IRIS
DIMETHYLPHTHALATE 1.00E+01 1 1.00E+01 IRIS NA NA Liver 1000/1 NA NA NA NA NA NA

DI-N-BUTYLPHTHLATE 1.00E-01 1 1.00E-01 IRIS NA NA Liver 1000/1 NA NA NA NA NA NA

DI-N-OCTYL PHTHALATE 1.00E-01 1 1.00E-01 IRIS NA NA Liver 1000/1 NA NA NA NA NA NA

Volatiles
ACETONE 9.00E-01 1 9.00E-01 IRIS 31 ATSDR Kidnesy 1000/1 NA NA NA NA NA NA
ACETOPHENONE 1.00E-01 1 1.00E-01 IRIS NA NA General Toxicity 3000/1 NA 1 NA IRIS NA IRIS
2-BUTANONE 6.00E-01 1 6.00E-01 IRIS 5 IRIS Body Weight 1000/1 NA NA NA NA NA NA
CARBON DISULFIDE 1.00E-01 1 1.00E-01 IRIS 0.7 IRIS Reproductive System 100/1 NA NA NA NA IRIS
CHLOROFORM 1.00E-02 1 1.00E-02 IRIS 0.098 ATSDR Liver 100/1 3.1E-02 NA 3.1E-02 CalEPA 0.000023 IRIS
ETHYLBENZENE 1.00E-01 1 1.00E-01 IRIS 1 IRIS Liver and Kidney 1000/1 1.10E-02 NA 1.10E-02 CalEPA 0.0000025 CalEPA

STRYRENE 2.00E-01 1 2.00E-01 IRIS 1 IRIS Blood 1000/1 NA NA NA NA NA NA

Notes:
EPA-NCEA = National Center for Environmental Assessment.  For EPA-NCEA values, the date of the article provided by EPA-NCEA is provided.

NA = Not applicable PPRTV = Provisional Peer Reviewed Toxicity Value

IRIS = Integrated Risk Information System.  For IRIS values, the date IRIS was searched is provided. CAL EPA = California Environmental Protection Agency 

HEAST = Health Effects Assessment Summary Tables.  For HEAST values, the date of HEAST is provided.

TABLE 6-5
TOXICITY VALUES

Dermal toxicological values adjusted from oral values using USEPA 2004a recommended chemical-specific gastrointestinal absorption factors (GI ABS).  RfDs are multiplied by the GI ABS.
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.00603 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 3.33E+02 BLOOD Pb, ADULT 1.4 2.6 3.1 3.8 4.3 1391 2104
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 6.5 11.8 14.0 17.0 19.3 113 203
% Home-grown Produce BLOOD Pb, PICA CHILD 6.5 11.8 14.0 17.0 19.3 113 203
Respirable Dust (ug/m3) 0.00737 BLOOD Pb, OCCUPATIONAL 1.3 2.3 2.7 3.3 3.8 1968 2974

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.01 1% 1.6E-5 0.01 0%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 0.59 41% 1.3E-3 0.42 33%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.01 1% 0.01 1%
Skin area occupational cm2 3300 Inhalation 1.2E-8 0.00 0% 8.6E-9 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 42% 0.60 47%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.23 16% 0.23 18%
Soil ingestion mg/day 100 200 Food Ingestion 0.0E+0 0.00 0% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.02 0% 0.02 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 4.69 73% 1.4E-2 4.69 73%
Food ingestion kg/day 1.9 1.1 Inhalation 1.4E-8 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.01 0% 0.01 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 19% 1.20 19%

Food Ingestion, bkgrnd 0.54 8% 0.54 8%
Food Ingestion 0.0E+0 0.00 0% 0.00 0%

149.9

0.0001

0.44
Pathway

  with picaCHILDREN

3.1

Pathway contribution Pathway contribution
typical

Pathway
1.6
10

TABLE 6-6
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD

IRON KING MINE AIR - WITHOUT HOMEGROWN PRODUCE

      Percentile Estimate of Blood Pb (ug/dl)

OccupationalResidential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.0128 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 1.13E+03 BLOOD Pb, ADULT 2.9 5.3 6.2 7.6 8.6 1385 2098
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 17.7 32.4 38.3 46.6 53.0 112 202
% Home-grown Produce BLOOD Pb, PICA CHILD 17.7 32.4 38.3 46.6 53.0 112 202
Respirable Dust (ug/m3) 0.0164 BLOOD Pb, OCCUPATIONAL 2.3 4.2 4.9 6.0 6.8 1961 2968

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.04 1% 1.6E-5 0.02 1%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 1.99 69% 1.3E-3 1.42 62%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.02 1% 0.01 1%
Skin area occupational cm2 3300 Inhalation 2.7E-8 0.00 0% 1.9E-8 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 21% 0.60 26%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.23 8% 0.23 10%
Soil ingestion mg/day 100 200 Food Ingestion 0.0E+0 0.00 0% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.06 0% 0.06 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 15.91 90% 1.4E-2 15.91 90%
Food ingestion kg/day 1.9 1.1 Inhalation 3.1E-8 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.02 0% 0.02 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 7% 1.20 7%

Food Ingestion, bkgrnd 0.54 3% 0.54 3%
Food Ingestion 0.0E+0 0.00 0% 0.00 0%

508.5

0.0001

0.44
Pathway

  with picaCHILDREN

3.1

Pathway contribution Pathway contribution
typical

Pathway
1.6
10

TABLE 6-7
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD

HUMBOLDT SMELTER AIR - WITHOUT HOMEGROWN PRODUCE

      Percentile Estimate of Blood Pb (ug/dl)

OccupationalResidential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.00355 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 2.07E+01 BLOOD Pb, ADULT 0.9 1.6 1.9 2.3 2.6 1393 2106
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 2.0 3.7 4.4 5.4 6.1 113 204
% Home-grown Produce BLOOD Pb, PICA CHILD 2.0 3.7 4.4 5.4 6.1 113 204
Respirable Dust (ug/m3) 0.00413 BLOOD Pb, OCCUPATIONAL 0.9 1.6 1.9 2.3 2.6 1970 2976

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.6E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 0.04 4% 1.3E-3 0.03 3%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.01 1% 0.00 0%
Skin area occupational cm2 3300 Inhalation 6.8E-9 0.00 0% 4.8E-9 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 68% 0.60 69%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.23 27% 0.23 27%
Soil ingestion mg/day 100 200 Food Ingestion 0.0E+0 0.00 0% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.00 0% 0.00 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 0.29 14% 1.4E-2 0.29 14%
Food ingestion kg/day 1.9 1.1 Inhalation 7.9E-9 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.01 0% 0.01 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 59% 1.20 59%

Food Ingestion, bkgrnd 0.54 26% 0.54 26%
Food Ingestion 0.0E+0 0.00 0% 0.00 0%

TABLE 6-8
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD
BACKGROUND AIR - WITHOUT HOMEGROWN PRODUCE

9.3

0.0001

0.44
Pathway

  with picaCHILDREN

      Percentile Estimate of Blood Pb (ug/dl)

3.1

Occupational

Pathway contribution Pathway contribution

Pathway
1.6
10

typical

Residential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.00528 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 1.29E+02 BLOOD Pb, ADULT 1.1 2.0 2.3 2.8 3.2 1392 2104
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 3.6 6.5 7.7 9.4 10.7 113 203
% Home-grown Produce BLOOD Pb, PICA CHILD 3.6 6.5 7.7 9.4 10.7 113 203
Respirable Dust (ug/m3) 0.0075 BLOOD Pb, OCCUPATIONAL 1.0 1.8 2.2 2.6 3.0 1968 2975

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.6E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 0.23 21% 1.3E-3 0.16 16%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.01 1% 0.01 1%
Skin area occupational cm2 3300 Inhalation 1.2E-8 0.00 0% 8.8E-9 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 56% 0.60 60%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.23 22% 0.23 23%
Soil ingestion mg/day 100 200 Food Ingestion 0.0E+0 0.00 0% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.01 0% 0.01 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 1.82 51% 1.4E-2 1.82 51%
Food ingestion kg/day 1.9 1.1 Inhalation 1.4E-8 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.01 0% 0.01 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 34% 1.20 34%

Food Ingestion, bkgrnd 0.54 15% 0.54 15%
Food Ingestion 0.0E+0 0.00 0% 0.00 0%

58.1

0.0001

0.44
Pathway

  with picaCHILDREN

3.1

Pathway contribution Pathway contribution
typical

Pathway
1.6
10

TABLE 6-9
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD

SITE AIR - WITHOUT HOMEGROWN PRODUCE

      Percentile Estimate of Blood Pb (ug/dl)

OccupationalResidential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.00603 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 3.33E+02 BLOOD Pb, ADULT 2.2 4.1 4.8 5.8 6.6 601 906
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 8.3 15.1 17.9 21.7 24.7 83 148
% Home-grown Produce 7% BLOOD Pb, PICA CHILD 8.3 15.1 17.9 21.7 24.7 83 148
Respirable Dust (ug/m3) 0.00737 BLOOD Pb, OCCUPATIONAL 1.3 2.3 2.7 3.3 3.8 1968 2974

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.01 1% 1.6E-5 0.01 0%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 0.59 26% 1.3E-3 0.42 33%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.01 0% 0.01 1%
Skin area occupational cm2 3300 Inhalation 1.2E-8 0.00 0% 8.6E-9 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 27% 0.60 47%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.22 10% 0.23 18%
Soil ingestion mg/day 100 200 Food Ingestion 2.4E-3 0.80 36% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.02 0% 0.02 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 4.69 57% 1.4E-2 4.69 57%
Food ingestion kg/day 1.9 1.1 Inhalation 1.4E-8 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.01 0% 0.01 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 15% 1.20 15%

Food Ingestion, bkgrnd 0.50 6% 0.50 6%
Food Ingestion 5.5E-3 1.85 22% 1.85 22%

Pathway
1.6
10

TABLE 6-10
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD
IRON KING MINE AIR - WITH HOMEGROWN PRODUCE

      Percentile Estimate of Blood Pb (ug/dl)

OccupationalResidential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS
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149.9

0.0001

0.44
Pathway

  with picaCHILDREN

3.1

Pathway contribution Pathway contribution
typical
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.0128 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 1.13E+03 BLOOD Pb, ADULT 5.6 10.2 12.1 14.6 16.7 598 904
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 24.0 43.8 51.8 63.0 71.6 82 147
% Home-grown Produce 7% BLOOD Pb, PICA CHILD 24.0 43.8 51.8 63.0 71.6 82 147
Respirable Dust (ug/m3) 0.0164 BLOOD Pb, OCCUPATIONAL 2.3 4.2 4.9 6.0 6.8 1961 2968

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.04 1% 1.6E-5 0.02 1%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 1.99 36% 1.3E-3 1.42 62%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.02 0% 0.01 1%
Skin area occupational cm2 3300 Inhalation 2.7E-8 0.00 0% 1.9E-8 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 11% 0.60 26%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.22 4% 0.23 10%
Soil ingestion mg/day 100 200 Food Ingestion 2.4E-3 2.71 49% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.06 0% 0.06 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 15.91 66% 1.4E-2 15.91 66%
Food ingestion kg/day 1.9 1.1 Inhalation 3.1E-8 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.02 0% 0.02 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 5% 1.20 5%

Food Ingestion, bkgrnd 0.50 2% 0.50 2%
Food Ingestion 5.5E-3 6.26 26% 6.26 26%

Pathway
1.6
10

TABLE 6-11
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD

HUMBOLDT SMELTER AIR - WITH HOMEGROWN PRODUCE

      Percentile Estimate of Blood Pb (ug/dl)

OccupationalResidential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7

508.5

0.0001

0.44
Pathway

  with picaCHILDREN

3.1

Pathway contribution Pathway contribution
typical
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.00355 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 2.07E+01 BLOOD Pb, ADULT 0.9 1.7 2.0 2.4 2.7 602 907
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 2.1 3.9 4.6 5.6 6.3 83 148
% Home-grown Produce 7% BLOOD Pb, PICA CHILD 2.1 3.9 4.6 5.6 6.3 83 148
Respirable Dust (ug/m3) 0.00413 BLOOD Pb, OCCUPATIONAL 0.9 1.6 1.9 2.3 2.6 1970 2976

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.6E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 0.04 4% 1.3E-3 0.03 3%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.01 1% 0.00 0%
Skin area occupational cm2 3300 Inhalation 6.8E-9 0.00 0% 4.8E-9 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 66% 0.60 69%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.22 24% 0.23 27%
Soil ingestion mg/day 100 200 Food Ingestion 2.4E-3 0.05 5% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.00 0% 0.00 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 0.29 14% 1.4E-2 0.29 14%
Food ingestion kg/day 1.9 1.1 Inhalation 7.9E-9 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.01 0% 0.01 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 57% 1.20 57%

Food Ingestion, bkgrnd 0.50 24% 0.50 24%
Food Ingestion 5.5E-3 0.11 5% 0.11 5%

Residential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7

TABLE 6-12
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD

BACKGROUND AIR - WITH HOMEGROWN PRODUCE

9.3

0.0001

0.44
Pathway

  with picaCHILDREN

      Percentile Estimate of Blood Pb (ug/dl)

3.1

Occupational

Pathway contribution Pathway contribution

Pathway
1.6
10

typical
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INPUT OUTPUT

MEDIUM  LEVEL PRG-99 PRG-95
Lead in Air (ug/m3) 0.00528 50th 90th 95th 98th 99th (ug/g) (ug/g)
Lead in Soil/Dust (ug/g) 1.29E+02 BLOOD Pb, ADULT 1.4 2.5 3.0 3.6 4.1 601 907
Lead in Water (ug/l) 7.5 BLOOD Pb, CHILD 4.3 7.8 9.2 11.2 12.7 83 148
% Home-grown Produce 7% BLOOD Pb, PICA CHILD 4.3 7.8 9.2 11.2 12.7 83 148
Respirable Dust (ug/m3) 0.0075 BLOOD Pb, OCCUPATIONAL 1.0 1.8 2.2 2.6 3.0 1968 2975

units adults children
Days per week days/wk
Days per week, occupational 5 PEF ug/dl percent PEF   ug/dl percent
Geometric Standard Deviation Soil Contact 3.8E-5 0.00 0% 1.6E-5 0.00 0%
Blood lead level of concern (ug/dl) Soil Ingestion 1.8E-3 0.23 17% 1.3E-3 0.16 16%
Skin area, residential cm2 5700 2800 Inhalation, bkgrnd 0.01 1% 0.01 1%
Skin area occupational cm2 3300 Inhalation 1.2E-8 0.00 0% 8.8E-9 0.00 0%
Soil adherence ug/cm2 70 200 Water Ingestion 0.60 44% 0.60 60%
Dermal uptake constant (ug/dl)/(ug/day) Food Ingestion, bkgrnd 0.22 16% 0.23 23%
Soil ingestion mg/day 100 200 Food Ingestion 2.4E-3 0.31 23% 0%
Soil ingestion, pica mg/day 200
Ingestion constant (ug/dl)/(ug/day) 0.04 0.16
Bioavailability unitless
Breathing rate m3/day 20 10 PEF ug/dl percent PEF   ug/dl percent
Inhalation constant (ug/dl)/(ug/day) 0.082 0.192 Soil Contact 5.4E-5 0.01 0% 0.01 0%
Water ingestion l/day 2 1 Soil Ingestion 1.4E-2 1.82 43% 1.4E-2 1.82 43%
Food ingestion kg/day 1.9 1.1 Inhalation 1.4E-8 0.00 0% 0.00 0%
Lead in market basket ug/kg Inhalation, bkgrnd 0.01 0% 0.01 0%
Lead in home-grown produ ug/kg Water Ingestion 1.20 28% 1.20 28%

Food Ingestion, bkgrnd 0.50 12% 0.50 12%
Food Ingestion 5.5E-3 0.72 17% 0.72 17%

Pathway
1.6
10

TABLE 6-13
LEAD RISK ASSESSMENT RESULTS USING LEADSPREAD

SITE AIR - WITH HOMEGROWN PRODUCE

      Percentile Estimate of Blood Pb (ug/dl)

OccupationalResidential 
Pathway contribution

PATHWAYSEXPOSURE PARAMETERS

Pathway contribution
ADULTS

7

58.1

0.0001

0.44
Pathway

  with picaCHILDREN

3.1

Pathway contribution Pathway contribution
typical
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Principal 
Threat 
Waste

Low-level 
Threat 
Waste

Arsenic EPC 
(mg/kg unless 
noted below)

Child Recreational/ 
Trespasser

 Adult Recreational/ 
Trespasser

Commercial/ 
Industrial Worker

Construction 
Worker Resident Adult Resident Child Resident 

Adult/Child
Child Recreational/ 

Trespasser
 Adult Recreational/ 

Trespasser
Commercial/ 

Industrial Worker
Construction 

Worker Resident Adult Resident Child

Iron King Mine Iron King Mine Main Tailings Pile SS X 7,678 8E-03 4E-03 4E-03 5E-04 5E-03 1E-02 2E-02 2E+02 2E+01 3E+01 8E+01 4E+01 3E+02

Iron King Mine Iron King Mine Main Tailings Pile SB X 5,148 5E-03 2E-03 3E-03 3E-04 3E-03 8E-03 1E-02 1E+02 2E+01 2E+01 5E+01 3E+01 2E+02

Iron King Mine Impoundment-Pond - Iron King Mine Main Tailings Pile SS X 5,251 5E-03 2E-03 3E-03 3E-04 4E-03 8E-03 1E-02 2E+02 2E+01 2E+01 6E+01 3E+01 2E+02

Iron King Mine Iron King Mine Mine Plant SS X 1,919 2E-03 9E-04 1E-03 1E-04 1E-03 3E-03 4E-03 6E+01 6E+00 7E+00 2E+01 1E+01 8E+01

Iron King Mine Iron King Mine Mine Plant SB 42 4E-05 2E-05 2E-05 3E-06 3E-05 6E-05 9E-05 3E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Iron King Mine Impoundment-Pond - Iron King Mine Mine Plant SS X 2,602 3E-03 1E-03 1E-03 2E-04 2E-03 4E-03 6E-03 8E+01 8E+00 1E+01 3E+01 2E+01 1E+02

Iron King Mine Iron King Mine Operations Area SS X 3,016 3E-03 1E-03 2E-03 2E-04 2E-03 4E-03 6E-03 9E+01 1E+01 1E+01 3E+01 2E+01 1E+02

Iron King Mine Iron King Mine Operations Area SB X 4,715 5E-03 2E-03 2E-03 3E-04 3E-03 7E-03 1E-02 1E+02 2E+01 2E+01 5E+01 3E+01 2E+02

Iron King Mine Iron King Mine Glory Hole SS 131 1E-04 6E-05 7E-05 8E-06 9E-05 2E-04 3E-04 6E+00 6E-01 8E-01 2E+00 1E+00 8E+00

Iron King Mine Iron King Mine Glory Hole SB 278 3E-04 1E-04 1E-04 2E-05 2E-04 4E-04 6E-04 1E+01 1E+00 1E+00 4E+00 2E+00 1E+01

Iron King Mine Iron King Mine Operations Area - Miscellaneous SS X 414 4E-04 2E-04 2E-04 3E-05 3E-04 6E-04 9E-04 1E+01 2E+00 2E+00 5E+00 3E+00 2E+01

Iron King Mine Iron King Mine Operations Area - Miscellaneous SB 49 5E-05 2E-05 3E-05 3E-06 3E-05 7E-05 1E-04 4E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Iron King Mine Iron King Mine Small Tailings Pile SS X 1,045 1E-03 5E-04 6E-04 6E-05 7E-04 2E-03 2E-03 3E+01 3E+00 4E+00 1E+01 6E+00 4E+01

Iron King Mine Iron King Mine Small Tailings Pile SB X 762 8E-04 4E-04 4E-04 5E-05 5E-04 1E-03 2E-03 2E+01 3E+00 3E+00 8E+00 5E+00 3E+01

Iron King Mine Iron King Mine Former Fertilizer Plant SS X 1,244 1E-03 6E-04 7E-04 8E-05 8E-04 2E-03 3E-03 4E+01 4E+00 5E+00 1E+01 8E+00 5E+01

Iron King Mine Iron King Mine Former Fertilizer Plant SB 160 2E-04 7E-05 9E-05 1E-05 1E-04 2E-04 3E-04 7E+00 8E-01 1E+00 3E+00 2E+00 1E+01

Iron King Mine Iron King Mine Salvage Yard SS 40 4E-05 2E-05 2E-05 3E-06 3E-05 6E-05 9E-05 4E+00 4E-01 5E-01 1E+00 1E+00 6E+00

Humboldt Smelter Humboldt Smelter Ash Pile SS X 822 9E-04 5E-04 4E-04 5E-05 6E-04 1E-03 2E-03 3E+01 3E+00 4E+00 1E+01 7E+00 4E+01

Humboldt Smelter Humboldt Smelter Ash Pile SB X 184 2E-04 9E-05 1E-04 1E-05 1E-04 3E-04 4E-04 1E+01 1E+00 2E+00 5E+00 3E+00 2E+01

Humboldt Smelter Humboldt Smelter Slag SS X 297 3E-04 1E-04 2E-04 2E-05 2E-04 4E-04 6E-04 1E+01 1E+00 2E+00 5E+00 3E+00 2E+01

Humboldt Smelter Humboldt Smelter Slag SB X 38 4E-05 2E-05 2E-05 2E-06 3E-05 6E-05 8E-05 3E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Humboldt Smelter Humboldt Smelter Operations Area SS X 242 3E-04 1E-04 1E-04 2E-05 2E-04 4E-04 5E-04 1E+01 1E+00 1E+00 4E+00 3E+00 2E+01

Humboldt Smelter Humboldt Smelter Operations Area SB X 19 2E-05 9E-06 1E-05 1E-06 1E-05 3E-05 4E-05 3E+00 3E-01 5E-01 1E+00 1E+00 5E+00

Humboldt Smelter Impoundment-Pond - Humboldt Smelter SS X 65 7E-05 3E-05 4E-05 4E-06 4E-05 1E-04 1E-04 9E+00 1E+00 1E+00 3E+00 3E+00 1E+01

Humboldt Smelter Humboldt Smelter Off-site Migration SS 32 3E-05 2E-05 2E-05 2E-06 2E-05 5E-05 7E-05 3E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Humboldt Smelter Humboldt Smelter Tailings Pile SS X 13,891 1E-02 6E-03 7E-03 9E-04 9E-03 2E-02 3E-02 4E+02 4E+01 5E+01 1E+02 8E+01 5E+02

Humboldt Smelter Humboldt Smelter Tailings Pile SB X 34 4E-05 2E-05 2E-05 2E-06 2E-05 5E-05 7E-05 4E+00 5E-01 8E-01 2E+00 2E+00 8E+00

Waterways Galena Gulch SS X 1,058 1E-03 5E-04 6E-04 7E-05 7E-04 2E-03 2E-03 3E+01 4E+00 4E+00 1E+01 7E+00 5E+01

Waterways Upper Chaparral Gulch SS X 219 2E-04 1E-04 1E-04 1E-05 1E-04 3E-04 5E-04 8E+00 9E-01 1E+00 3E+00 2E+00 1E+01

Waterways Middle Chaparral Gulch SS X 294 3E-04 1E-04 2E-04 2E-05 2E-04 4E-04 6E-04 1E+01 1E+00 1E+00 4E+00 2E+00 2E+01

Waterways Lower Chaparral Gulch SS X 614 6E-04 3E-04 3E-04 4E-05 4E-04 9E-04 1E-03 2E+01 2E+00 3E+00 7E+00 4E+00 3E+01

Waterways Lower Chaparral Gulch SB X 1,491 2E-03 7E-04 8E-04 9E-05 1E-03 2E-03 3E-03 5E+01 5E+00 6E+00 2E+01 9E+00 7E+01

Waterways Lower Chaparral Gulch Dam-Confluence SD X 1,620 4E-04 2E-04 -- -- -- -- -- 1E+01 1E+00 -- -- -- --

Waterways Lower Chaparral Gulch Dam-Confluence SW X 118 µg/L 2E-05 7E-06 -- -- -- -- -- 2E+00 3E-01 -- -- -- --

Waterways Agua Fria SD X 722 2E-04 7E-05 -- -- -- -- -- 5E+00 6E-01 -- -- -- --

Waterways Agua Fria SW X 7.2 µg/L 9E-07 4E-07 -- -- -- -- -- 2E-01 3E-02 -- -- -- --

Waterways Background Agua Fria SD 34 7E-06 3E-06 -- -- -- -- -- 4E-01 5E-02 -- -- -- --

Waterways Background Agua Fria SW 13.5 µg/L 2E-06 8E-07 -- -- -- -- -- 7E-02 9E-03 -- -- -- --

Waterways Background Chaparral Gulch SD 37 4E-05 2E-05 2E-05 2E-06 2E-05 5E-05 8E-05 2E+00 3E-01 4E-01 9E-01 7E-01 4E+00

Waterways Background Galena Gulch SD 25 3E-05 1E-05 1E-05 2E-06 2E-05 4E-05 5E-05 3E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Off-Site Soil Background Soil Type 1 SS 61 6E-05 3E-05 3E-05 4E-06 4E-05 9E-05 1E-04 3E+00 4E-01 5E-01 1E+00 9E-01 5E+00

Off-Site Soil Background Soil Type 2 SS 17 2E-05 1E-05 1E-05 1E-06 1E-05 3E-05 4E-05 4E+00 5E-01 6E-01 2E+00 1E+00 7E+00

Off-Site Soil Background Soil Type 3 SS 13 1E-05 6E-06 8E-06 9E-07 1E-05 2E-05 4E-05 3E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Off-Site Soil Average Background Soil Type 1 through 3 SS 23 3E-05 1E-05 2E-05 2E-06 2E-05 4E-05 6E-05 3E+00 4E-01 5E-01 1E+00 1E+00 5E+00

Off-Site Soil Background Soil Type 1 - BTV SS 91 1E-04 4E-05 5E-05 6E-06 6E-05 1E-04 2E-04 5E+00 5E-01 7E-01 2E+00 1E+00 7E+00

Off-Site Soil Background Soil Type 2 -  BTV SS 26 3E-05 1E-05 2E-05 2E-06 2E-05 4E-05 6E-05 5E+00 6E-01 8E-01 2E+00 2E+00 9E+00

Off-Site Soil Background Soil Type 3 - BTV SS 18 2E-05 9E-06 1E-05 1E-06 2E-05 3E-05 5E-05 4E+00 4E-01 6E-01 1E+00 1E+00 6E+00

Off-Site Soil Off-site Soil Background H1 SS 32 3E-05 2E-05 2E-05 2E-06 2E-05 5E-05 7E-05 2E+00 3E-01 4E-01 9E-01 8E-01 4E+00

Off-Site Soil Off-site Soil Background H2 SS 99 1E-04 5E-05 5E-05 6E-06 7E-05 1E-04 2E-04 3E+00 3E-01 4E-01 1E+00 5E-01 4E+00

Off-Site Soil Residential Soil - OFS-121-8 SS 80 1E-04 5E-05 5E-05 6E-06 7E-05 1E-04 2E-04 4E+00 5E-01 6E-01 2E+00 1E+00 6E+00

Off-Site Soil Off-site Soil SS 50 5E-05 2E-05 3E-05 3E-06 3E-05 7E-05 1E-04 4E+00 4E-01 6E-01 1E+00 1E+00 6E+00

Off-Site Soil Off-site Soil SB 30 3E-05 1E-05 2E-05 2E-06 2E-05 4E-05 6E-05 3E+00 3E-01 4E-01 1E+00 5E-01 4E+00

Notes:

cy3 = Cubic yards SD = Aquatic sediment from 0 to 0.5-feet bgs        = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

µg/L = Micrograms per liter SS = Surface soil/sediment from 0 to 2-feet bgs        = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

mg/kg = Milligrams per kilogram SB = Subsurface soil from 2 to 10-feet bgs        = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

AMD = Acid mine drainage SW = Surface waterbsurface soil from 2 to 10-feet bgs Bioavailability Factor may be updated as new information is developed.

EPC = Exposure point concentration DP = Deep soil > 10-feet bgs

Carcinogenic Risk Summary Noncarcinogenic Hazard Summary

TABLE 6-14
QUANTITATIVE HUMAN HEALTH RISK ASSESSMENT SUMMARY

Surface 
Soil, 

Subsurface 
Soil, or 
Aquatic 

Sediment
Area of 

Investigation Sample Group

Source 
Characterization
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Exposure Area
Cumulative
Cancer Risk

(4)

Cumulative
Hazard Index

(4)
Analytes Greater Than MCL

ALUMINUM

ARSENIC

IRON

MANGANESE

ALUMINUM

ARSENIC

IRON

MANGANESE

ALUMINUM

ANTIMONY

ARSENIC

BERYLLIUM

CADMIUM

IRON

LEAD

MANGANESE

MERCURY

ZINC

ALUMINUM

ANTIMONY

ARSENIC

BERYLLIUM

CADMIUM

CHROMIUM

COPPER

FLUORIDE

IRON

LEAD

MANGANESE

MERCURY

SELENIUM

SULFATE

TOTAL DISSOLVED SOLIDS

ZINC

ALUMINUM

ARSENIC

CADMIUM

IRON

LEAD

MANGANESE

NITRITE AS N

SULFATE

Iron King Mine Small Tailings Pile 2E-04 1.E+00 ALUMINUM

ALUMINUM

ARSENIC

BERYLLIUM

CADMIUM

COPPER

IRON

LEAD

MANGANESE

SULFATE

TOTAL DISSOLVED SOLIDS

ZINC

TABLE 6-15
SURFACE WATER RESIDENTIAL-BASED QUANTITATIVE SCREENING EVALUATION

Impoundment-Pond - Iron King Mine Mine Plant 1E-03 1.E+01

Lower Chaparral Gulch 7E-03 2.E+02

Galena Gulch 1E-02 1.E+02

Impoundment-Pond - Iron King Mine Main Tailings Pile 4E+00 2.E+04

Agua Fria River 3E-04 4.E+00

Background Agua Fria River 4E-04 2.E+00
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Exposure Area
Cumulative
Cancer Risk

(4)

Cumulative
Hazard Index

(4)
Analytes Greater Than MCL

TABLE 6-15
SURFACE WATER RESIDENTIAL-BASED QUANTITATIVE SCREENING EVALUATION

  

ALUMINUM

ARSENIC

CADMIUM

IRON

LEAD

MANGANESE

SULFATE

ZINC

ALUMINUM

ANTIMONY

ARSENIC

BARIUM

BERYLLIUM

CADMIUM

IRON

LEAD

MANGANESE

MERCURY

ZINC

ALUMINUM

ARSENIC

BARIUM

BERYLLIUM

CADMIUM

CHROMIUM

IRON

LEAD

MANGANESE

MERCURY

THALLIUM

ZINC

Notes:
MCL = Maximum Contaminant Level

RSL = Regional Screening Level

(1)  Detected groundwater chemicals were evaluated.

(2)  Some essential nutrients and general chemistry parameters did not have screening levels.

(3)  Lead toxicity is evaluated in conjuction with soil and air data seperately.

(4)  Screening values used in the evaluation are EPA Tap Water Regional Screening Levels (EPA 2009)

       = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

       = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

       = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

Upper Chaparral Gulch 5E-02 4.E+02

Lower Chaparral Gulch Dam-Confluence 2E-03 4.E+01

Middle Chaparral Gulch 2E-02 2.E+02
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Exposure Area
Cumulative
Cancer Risk

(4)

Cumulative
Hazard Index

(4)
Analytes Greater Than MCL

ARSENIC

IRON

MANGANESE

SULFATE

TOTAL DISSOLVED SOLIDS

ZINC

GW-511246 1E-04 6E-01 --

ARSENIC

IRON

GW-573389 2E-04 8E-01 --

GW-586144 2E-04 1E+00 ARSENIC

ARSENIC

IRON

LEAD

TOTAL DISSOLVED SOLIDS

GW-999901 3E-04 1E+00 ARSENIC

GW-999902 1E-04 1E-04 --

GW-999903 6E-05 7E-01 --

GW-999904 6E-05 4E-01 --

GW-999905 3E-04 1E+00 ARSENIC

GW-999906 7E-05 3E-01 --

GW-999907 6E-04 2E+00 ARSENIC

GW-999908 4E-04 2E+00 ARSENIC

GW-999909 9E-05 4E-01 --

GW-999910 4E-04 2E+00 ARSENIC

GW-999911 6E-05 4E-01 --

GW-999912 2E-04 1E+00 --

GW-999913 7E-05 5E-01 --

GW-999914 8E-05 7E-01 NITRATE AS N

GW-999915 4E-04 2E+00 ARSENIC

GW-999916 5E-04 2E+00 ARSENIC

GW-999917 2E-04 1E+00 --

GW-999918 1E-04 5E-01 --

GW-999919 1E-04 5E-01 --

GW-999920 3E-05 3E-01 IRON

GW-999921 5E-05 3E-01 --

GW-999922 5E-04 2E+00 ARSENIC

GW-999923 2E-04 1E+00 --

GW-999924 5E-05 2E-01 --

GW-999925 1E-04 6E-01 --

GW-999926 5E-05 3E-01 --

TABLE 6-16
GROUND WATER RESIDENTIAL-BASED QUANTITATIVE SCREENING EVALUATION

GW-592720 3E-04 2E+00

Cistern 3E-04 1E+01

GW-551459 5E-04 2E+00
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Exposure Area
Cumulative
Cancer Risk

(4)

Cumulative
Hazard Index

(4)
Analytes Greater Than MCL

TABLE 6-16
GROUND WATER RESIDENTIAL-BASED QUANTITATIVE SCREENING EVALUATION

ARSENIC

IRON

GW-999928 2E-04 9E-01 ALUMINUM

GW-999929 5E-05 2E-01 --

GW-999930 5E-04 2E+00 ARSENIC

GW-999931 6E-05 3E-01 --

GW-999932 2E-04 9E-01 --

GW-999933 9E-05 9E-01 --

GW-999934 4E-04 2E+00 ARSENIC

GW-999935 4E-04 2E+00 ARSENIC

GW-999936 5E-04 3E+00 ARSENIC

ALUMINUM

ARSENIC

IRON

GW-999938 1E-04 6E-01 --

GW-999939 5E-04 2E+00 ARSENIC

GW-999940 1E-04 3E+00 --

GW-999941 3E-04 1E+00 ARSENIC

GW-999943 5E-04 2E+00 ARSENIC

GW-999944 4E-04 2E+00 ARSENIC

IRON

SULFATE

TOTAL DISSOLVED SOLIDS

GW-999946 5E-05 4E-01 ALUMINUM

CHLORIDE

IRON

MANGANESE

NITRATE AS N

TOTAL DISSOLVED SOLIDS

ALUMINUM

ARSENIC

IRON

MANGANESE

ARSENIC

TOTAL DISSOLVED SOLIDS

GW-999950 1E-04 6E-01 --

GW-999951 (5) 8E-05 6E-01 --

GW-999952 (5) 4E-04 2E+00 ARSENIC

ALUMINUM

CHLORIDE

LEAD

NITRATE AS N

TOTAL DISSOLVED SOLIDS

GW-999949 4E-04 2E+00

GW-999953 1E-04 2E+00

GW-999947 1E-04 3E+00

GW-999948 6E-03 3E+01

GW-999937 4E-04 2E+00

GW-999945 1E-04 1E+00

GW-999927 9E-04 4E+00
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Exposure Area
Cumulative
Cancer Risk

(4)

Cumulative
Hazard Index

(4)
Analytes Greater Than MCL

TABLE 6-16
GROUND WATER RESIDENTIAL-BASED QUANTITATIVE SCREENING EVALUATION

ALUMINUM

ARSENIC

IRON

LEAD

MANGANESE

SULFATE

TOTAL DISSOLVED SOLIDS

ZINC

GW-9999949 4E-04 2E+00 ARSENIC

ALUMINUM

SULFATE

TOTAL DISSOLVED SOLIDS

ARSENIC

CHLORIDE

MANGANESE

NITRATE AS N

SELENIUM

SULFATE

TOTAL DISSOLVED SOLIDS

MW-02-S 1E-04 1E+00 TOTAL DISSOLVED SOLIDS

ALUMINUM

SULFATE

TOTAL DISSOLVED SOLIDS

ALUMINUM

MANGANESE

SULFATE

TOTAL DISSOLVED SOLIDS

ALUMINUM

MANGANESE

SULFATE

TOTAL DISSOLVED SOLIDS

ALUMINUM

ARSENIC

IRON

MANGANESE

Notes:
MCL = Maximum Contaminant Level

RSL = Regional Screening Level

(1)  Detected groundwater chemicals were evaluated.

(2)  Some essential nutrients and general chemistry parameters did not have screening levels.

(3)  Lead toxicity is evaluated in conjuction with soil and air data seperately.

(4)  Screening values used in the evaluation are EPA Tap Water Regional Screening Levels (EPA 2009)

(5)  Humboldt Water Company supply wells.

-- Analytes less than MCL

       = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

       = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

       = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

MW-06-D 6E-04 3E+00

MW-04-S 2E-04 2E+00

MW-05-S 2E-04 1E+00

MW-01-S 4E-04 1E+01

MW-03-S 1E-04 1E+00

GW-999954 2E-02 1E+02

GW-SW-08 2E-04 5E+00
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Exposure Area Chemical
(1 and 2)

Cancer 
Endpoint - 

EPA RSL (3)
(mg/kg)

Cancer Risk
(3)

Noncancer 
Endpoint - 

EPA RSL (3)
(mg/kg)

Hazard 
Quotient

(3)

Agua Fria Acetophenone (4) 0.39 J -- -- 7,800 5E-05

Background Agua Fria Acetophenone (4) 0.14 J -- -- 7,800 2E-05

Humboldt Smelter Ash Pile Acetophenone (4) 0.032 J -- -- 7,800 4E-06

Humboldt Smelter Operations Area Acetophenone (4) 0.14 J -- -- 7,800 2E-05

Humboldt Smelter Tailings Pile Acetophenone (4) 0.071 J -- -- 7,800 9E-06

Impoundment-Pond - Humboldt Smelter Acetophenone (4) 0.17 J -- -- 7,800 2E-05

Iron King Mine Glory Hole 1,1'-Biphenyl (4) 2.7 -- -- 3,900 7E-04

Iron King Mine Glory Hole Acetophenone (4) 0.61 J -- -- 7,800 8E-05

Iron King Mine Glory Hole Benzaldehyde (4) 0.46 J -- -- 7,800 6E-05

Iron King Mine Operations Area 2-Butanone 0.01 -- -- 67,000 1E-07

Iron King Mine Operations Area Acetone 0.033 -- -- 440,000 8E-08

Iron King Mine Operations Area Acetophenone (4) 0.063 J -- -- 7,800 8E-06

Iron King Mine Operations Area Carbon Disulfide 0.0018 J -- -- 730 2E-06

Iron King Mine Operations Area Chloroform 0.0088 0.31 3.E-08 300 3E-05

Iron King Mine Operations Area Ethylbenzene 0.0039 J 6.4 6.E-10 6,800 6E-07

Iron King Mine Operations Area Styrene 0.0035 J -- -- 11,000 3E-07

Iron King Mine Operations Area - Miscellaneous Acetophenone (4) 0.024 J -- -- 7,800 3E-06

Lower Chaparral Gulch Acetophenone (4) 0.087 J -- -- 7,800 1E-05

Off-site Soil Area 124 Acetophenone (4) 0.14 J -- -- 7,800 2E-05

Off-site Soil Area 125 Acetophenone (4) 0.2 J -- -- 7,800 3E-05

Notes:
-- = RSL not available for this analyte

J = The result is an estimated quantity.  The associated numerical value is the approximate concentration of the analyte in the sample.

MCL = Maximum Contaminant Level

mg/kg = Milligrams per kilogram

RSL = Regional Screening Level

VOCs = Volatile organic compounds

(1)  Detected volatile organic compounds in soil were evaluated.

(2)  Some chemicals did not have screening levels, so they were evaluated qualitatively.

(3)  Screening values used in the evaluation are EPA Residential Soil Regional Screening Levels for the Inhalation of VOCs (EPA 2009)

(4)  Screening value based on the ingestion rather than the inhalation pathway.

       = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

       = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

       = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

Maximum 
Concentration 

(mg/kg)
(Qualifier)

TABLE 6-17
SOIL VOC RESIDENTIAL-BASED QUANTITATIVE SCREENING EVALUATION
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Resident Adult Resident Child Resident Adult/Child Canrcer Risk Drivers Resident Adult Resident Child Noncancer Hazard Drivers

Off-site Soil Area 02 131 9E-05 2E-04 3E-04 Arsenic 7.E-01 5.E+00 Arsenic
Off-site Soil Area 03 100 7E-05 1E-04 2E-04 Arsenic 5.E-01 4.E+00 Arsenic
Off-site Soil Area 04 136 9E-05 2E-04 3E-04 Arsenic 7.E-01 5.E+00 Arsenic
Off-site Soil Area 06 42.1 3E-05 6E-05 9E-05 Arsenic 2.E-01 2.E+00 Arsenic
Off-site Soil Area 07 298 2E-04 4E-04 6E-04 Arsenic 2.E+00 1.E+01 Arsenic
Off-site Soil Area 08 131 9E-05 2E-04 3E-04 Arsenic 7.E-01 5.E+00 Arsenic
Off-site Soil Area 09 47.7 3E-05 7E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic
Off-site Soil Area 10 48.2 3E-05 7E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic
Off-site Soil Area 11 45.9 3E-05 7E-05 1E-04 Arsenic 2.E-01 2.E+00 Arsenic
Off-site Soil Area 12 52.9 4E-05 8E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic
Off-site Soil Area 13 39.7 3E-05 6E-05 8E-05 Arsenic 2.E-01 2.E+00 Arsenic
Off-site Soil Area 14 38.2 3E-05 6E-05 8E-05 Arsenic 2.E-01 1.E+00 Arsenic
Off-site Soil Area 15 49.5 3E-05 7E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic
Off-site Soil Area 16 56.1 4E-05 8E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic
Off-site Soil Area 17 57.2 4E-05 8E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic
Off-site Soil Area 19 36.4 2E-05 5E-05 8E-05 Arsenic 2.E-01 1.E+00 Arsenic
Off-site Soil Area 20 63.4 4E-05 9E-05 1E-04 Arsenic 3.E-01 2.E+00 Arsenic

Off-site Soil Area 101 192 1E-04 3E-04 4E-04 Arsenic, Chromium, Cobalt 2.E+00 1.E+01 Arsenic, Cobalt
Off-site Soil Area 102 37.9 3E-05 6E-05 8E-05 Arsenic, Chromium, Cobalt 1.E+00 5.E+00 Arsenic
Off-site Soil Area 103 66.3 4E-05 1E-04 1E-04 Arsenic, Chromium 1.E+00 5.E+00 Arsenic
Off-site Soil Area 104 33.5 2E-05 5E-05 7E-05 Arsenic, Chromium, Cobalt 1.E+00 6.E+00 Arsenic, Manganese
Off-site Soil Area 105 39.9 3E-05 7E-05 9E-05 Arsenic, Chromium, Cobalt 2.E+00 1.E+01 Aluminum, Antimony, Arsenic, Chromium, Copper
Off-site Soil Area 106 49 3E-05 7E-05 1E-04 Arsenic, Chromium, Cobalt 1.E+00 6.E+00 Arsenic, Cobalt
Off-site Soil Area 107 84.2 6E-05 1E-04 2E-04 Arsenic, Chromium, Cobalt 1.E+00 8.E+00 Arsenic
Off-site Soil Area 108 120 8E-05 2E-04 3E-04 Arsenic, Chromium, Cobalt 2.E+00 9.E+00 Arsenic, Manganese
Off-site Soil Area 109 70 5E-05 1E-04 2E-04 Arsenic, Chromium, Cobalt 1.E+00 7.E+00 Arsenic
Off-site Soil Area 110 26.7 2E-05 4E-05 6E-05 Arsenic, Chromium 7.E-01 3.E+00 Arsenic
Off-site Soil Area 111 165 1E-04 2E-04 4E-04 Arsenic, Chromium, Cobalt 2.E+00 1.E+01 Arsenic
Off-site Soil Area 112 28.3 2E-05 4E-05 6E-05 Arsenic, Chromium, Cobalt 9.E-01 4.E+00 Arsenic
Off-site Soil Area 113 29.9 2E-05 4E-05 6E-05 Arsenic, Chromium 8.E-01 4.E+00 Arsenic
Off-site Soil Area 114 104 7E-05 2E-04 2E-04 Arsenic, Chromium 1.E+00 7.E+00 Arsenic
Off-site Soil Area 115 34.5 2E-05 5E-05 8E-05 Arsenic, Chromium, Cobalt 1.E+00 6.E+00 Arsenic, Cobalt
Off-site Soil Area 116 246 2E-04 4E-04 5E-04 Arsenic, Chromium, Cobalt 3.E+00 1.E+01 Antimony, Arsenic, Manganese
Off-site Soil Area 117 123 8E-05 2E-04 3E-04 Arsenic, Chromium, Cobalt 1.E+00 8.E+00 Arsenic
Off-site Soil Area 118 198 1E-04 3E-04 4E-04 Arsenic, Chromium, Cobalt 2.E+00 1.E+01 Arsenic
Off-site Soil Area 119 65.6 4E-05 1E-04 1E-04 Arsenic, Chromium 1.E+00 6.E+00 Arsenic
Off-site Soil Area 120 20.5 1E-05 3E-05 4E-05 Arsenic, Chromium, Cobalt 1.E+00 9.E+00 Arsenic
Off-site Soil Area 121 57.2 4E-05 8E-05 1E-04 Arsenic, Chromium, Cobalt 1.E+00 6.E+00 Arsenic
Off-site Soil Area 122 25.1 2E-05 4E-05 5E-05 Arsenic, Chromium 8.E-01 3.E+00 --
Off-site Soil Area 123 26.5 2E-05 4E-05 6E-05 Arsenic, Chromium 7.E-01 3.E+00 Arsenic
Off-site Soil Area 124 26.7 2E-05 4E-05 6E-05 Arsenic, Chromium 7.E-01 3.E+00 Arsenic
Off-site Soil Area 125 22.5 2E-05 3E-05 5E-05 Arsenic, Chromium 7.E-01 3.E+00 --
Off-site Soil Area 126 64.1 4E-05 1E-04 1E-04 Arsenic, Chromium, Cobalt 2.E+00 8.E+00 Arsenic, Cobalt, Iron, Manganese
Off-site Soil Area 127 313 2E-04 5E-04 7E-04 Arsenic, Chromium 2.E+00 1.E+01 Arsenic
Off-site Soil Area 128 633 4E-04 9E-04 1E-03 Arsenic, Chromium 4.E+00 3.E+01 Arsenic
Off-site Soil Area 129 26.7 2E-05 4E-05 6E-05 Arsenic, Chromium 9.E-01 4.E+00 Arsenic, Manganese
Off-site Soil Area 130 18.7 1E-05 3E-05 4E-05 Arsenic, Chromium 2.E+00 5.E+00 Manganese
Off-site Soil Area 131 24.5 2E-05 4E-05 5E-05 Arsenic, Chromium 1.E+00 5.E+00 Manganese
Off-site Soil Area 132 131 9E-05 2E-04 3E-04 Arsenic, Chromium 1.E+00 9.E+00 Arsenic
Off-site Soil Area 133 368 2E-04 5E-04 8E-04 Arsenic, Chromium, Cobalt 3.E+00 2.E+01 Arsenic
Off-site Soil Area 134 29.7 2E-05 4E-05 6E-05 Arsenic, Chromium 6.E-01 3.E+00 Arsenic
Off-site Soil Area 135 43.0 3E-05 6E-05 9E-05 Arsenic, Chromium 1.E+00 5.E+00 Arsenic, Manganese

Sample Group
Arsenic 

Concentration 
(mg/kg)

Noncancer Hazard SummaryCancer Risk Summary

TABLE 6-18
OFF-SITE SOIL AOI RESIDENTIAL QUANTITATIVE HUMAN HEALTH RISK ASSESSMENT SUMMARY
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Resident Adult Resident Child Resident Adult/Child Canrcer Risk Drivers Resident Adult Resident Child Noncancer Hazard Drivers
Sample Group

Arsenic 
Concentration 

(mg/kg)

Noncancer Hazard SummaryCancer Risk Summary

TABLE 6-18
OFF-SITE SOIL AOI RESIDENTIAL QUANTITATIVE HUMAN HEALTH RISK ASSESSMENT SUMMARY

Off-site Soil Area 136 31.3 2E-05 5E-05 7E-05 Arsenic, Chromium, Cobalt 1.E+00 5.E+00 Arsenic, Manganese
Off-site Soil Area 137 17.4 1E-05 3E-05 4E-05 Arsenic, Chromium 6.E-01 3.E+00 --
Off-site Soil Area 138 52.8 4E-05 8E-05 1E-04 Arsenic, Chromium 7.E-01 4.E+00 Arsenic
Off-site Soil Area 139 17.7 1E-05 3E-05 4E-05 Arsenic, Chromium, Cobalt 1.E+00 4.E+00 Manganese
Off-site Soil Area 140 27.0 2E-05 4E-05 6E-05 Arsenic, Chromium 1.E+00 4.E+00 Arsenic, Manganese
Off-site Soil Area 141 64.8 4E-05 1E-04 1E-04 Arsenic, Chromium 9.E-01 5.E+00 Arsenic
Off-site Soil Area 142 331 2E-04 5E-04 7E-04 Arsenic, Chromium 3.E+00 2.E+01 Arsenic
Off-site Soil Area 143 76.6 5E-05 1E-04 2E-04 Arsenic, Chromium 9.E-01 5.E+00 Arsenic
Off-site Soil Area 144 27.1 2E-05 4E-05 6E-05 Arsenic, Chromium 9.E-01 4.E+00 Arsenic, Manganese
Off-site Soil Area 145 50.4 3E-05 7E-05 1E-04 Arsenic, Chromium 1.E+00 6.E+00 Arsenic, Manganese
Off-site Soil Area 146 39.1 3E-05 6E-05 8E-05 Arsenic, Chromium, Cobalt 1.E+00 5.E+00 Arsenic, Manganese
Off-site Soil Area 147 155 1E-04 2E-04 3E-04 Arsenic, Chromium 1.E+00 8.E+00 Arsenic
Off-site Soil Area 148 133 9E-05 2E-04 3E-04 Arsenic, Chromium, Cobalt 3.E+00 1.E+01 Arsenic, Manganese

Notes:
mg/kg = Milligrams per kilogram

       = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

       = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

       = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

Bioavailability Factor may be updated as new information is developed.
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Surface Soil or 
Sediment
(0 - 2-Feet 

BGS)

Subsurface Soil
(2 to 10-Feet 

BGS)

Produce Excluded - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Produce Included - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Produce Excluded - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Produce Included - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Humboldt Smelter Humboldt Smelter Ash Pile 1,129 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Ash Pile -- 7,523 Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Operations Area 285 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Operations Area -- 28 Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Off-site Migration 85 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Slag 972 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Slag -- 58 Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Tailings Pile 1,114 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Humboldt Smelter Tailings Pile -- 42 Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Humboldt Smelter Impoundment-Pond - Humboldt Smelter 940 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961

Iron King Mine Iron King Mine Former Fertilizer Plant 5,066 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Former Fertilizer Plant -- 279 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Glory Hole 272 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Glory Hole -- 424 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Mine Plant 5,184 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Mine Plant -- 27 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Main Tailings Pile 2,887 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Main Tailings Pile -- 2,990 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Operations Area 11,220 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Operations Area -- 6,122 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Operations Area - Miscellaneous 1,612 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Operations Area - Miscellaneous -- 162 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Small Tailings Pile 1,388 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Small Tailings Pile -- 415 Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Iron King Mine Salvage Yard 26 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Impoundment-Pond - Iron King Mine Mine Plant 4,729 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Iron King Mine Impoundment-Pond - Iron King Mine Main Tailings Pile 5,369 -- Iron King Mine 0.00603 1,391 601 113 83 1,968

Off-site Soil Off-site Soil Area 02 84 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 03 47 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 04 94 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 06 56 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 07 71 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 08 280 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 09 50 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 10 66 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 11 883 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 12 140 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 13 84 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 14 69 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 15 140 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 16 212 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 17 70 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 19 60 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 20 47 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 101 130 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 102 88 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 103 289 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 104 54 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 105 389 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 106 48 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 107 282 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 108 628 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 109 298 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 110 76 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 111 924 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 112 18 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 113 23 -- Site 0.0053 1,392 601 113 83 1,968

Residential Child Commercial/ 
Industrial Adult

TABLE 6-19
LEAD EVALUATION

Area of Investigation Sample Group

Soil Lead EPC (mg/kg)

Air Concentration 
Source

Air Concentration
(µg/m3)

Residential Adult
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Surface Soil or 
Sediment
(0 - 2-Feet 

BGS)

Subsurface Soil
(2 to 10-Feet 

BGS)

Produce Excluded - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Produce Included - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Produce Excluded - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Produce Included - 

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Preliminary Remediation 

Goal 99th Percentile 

(mg/kg)

Residential Child Commercial/ 
Industrial Adult

TABLE 6-19
LEAD EVALUATION

Area of Investigation Sample Group

Soil Lead EPC (mg/kg)

Air Concentration 
Source

Air Concentration
(µg/m3)

Residential Adult

Off-site Soil Off-site Soil Area 114 72 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 115 67 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 116 111 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 117 95 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 118 1,610 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 119 312 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 120 18,100 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 121 95 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 122 123 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 123 41 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 124 47 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 125 68 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 126 47 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 127 328 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 128 398 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 129 57 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 130 48 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 131 50 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 132 1,792 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 133 1,655 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 134 47 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 135 132 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 136 58 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 137 65 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 138 232 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 139 31 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 140 119 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 141 435 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 142 507 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 143 372 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 144 82 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 145 88 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 146 68 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 147 126 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil Area 148 693 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil 129 -- Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Off-site Soil 2.2 Site 0.0053 1,392 601 113 83 1,968
Off-site Soil Background Soil Type 1 55 -- Background 0.00355 1,393 602 113 83 1,970
Off-site Soil Background Soil Type 2 13 -- Background 0.00355 1,393 602 113 83 1,970
Off-site Soil Background Soil Type 3 14 -- Background 0.00355 1,393 602 113 83 1,970
Off-site Soil Off-site Soil Background H1 21 -- Background 0.00355 1,393 602 113 83 1,970
Off-site Soil Off-site Soil Background H2 76 -- Background 0.00355 1,393 602 113 83 1,970
Waterway Background Agua Fria 12 -- Background 0.00355 1,393 602 113 83 1,970
Waterway Background Chaparral Gulch 17 -- Background 0.00355 1,393 602 113 83 1,970
Waterway Background Galena Gulch 24 -- Background 0.00355 1,393 602 113 83 1,970
Waterway Agua Fria 3,419 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Waterway Galena Gulch 4,297 -- Iron King Mine 0.00603 1,391 601 113 83 1,968
Waterway Lower Chaparral Gulch 1,285 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Waterway Lower Chaparral Gulch -- 1,970 Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Waterway Lower Chaparral Gulch Dam-Confluence 266 -- Humboldt Smelter 0.0128 1,385 598 112 82 1,961
Waterway Middle Chaparral Gulch 344 -- Site 0.0053 1,392 601 113 83 1,968
Waterway Upper Chaparral Gulch 333 -- Iron King Mine 0.00603 1,391 601 113 83 1,968

Notes:
µg/dL = Microgram per deci-liter

µg/m3 = Microgram per cubic meter

mg/kg = Milligrams per kilogram
EPA = Environmental Protection Agency
MCL = Maximum Contaminant Level
RSL = Regional Screening Level
(1)  Ground water from mucipal well sample GW-999951 was used in the evaluation (7.5 micrograms per liter).
(2)  California's Department of Toxic Substances Control's Lead Spread was used to estimate risks from lead.
-- Not Applicable

BOLD = Bold values have exposure point concentrations greater than the Preliminary Remediation Goal 99th Percentile.



Chemical of 
Potential Concern Units Background Air EPC Background Soil 

Type 3 PEF
Iron King Mine Air 

EPC
Iron King Mine Main 

Tailings Pile PEF
Humboldt Smelter 

Air EPC
Humboldt Smelter 

Ash Pile PEF
Humboldt In-town 

Air EPC Site Air EPC

ALUMINUM µg/m3
7.2E+00 2.9E-02 4.8E-01 9.7E-03 1.9E+00 1.6E-01 5.2E-01 1.2E+00

ANTIMONY µg/m3
4.5E-02 -- 2.1E-02 4.4E-05 2.4E-02 1.2E-05 2.8E-02 1.7E-02

ARSENIC µg/m3
2.1E-03 9.8E-06 4.6E-03 5.8E-03 1.3E-03 6.2E-04 1.3E-03 2.1E-03

BARIUM µg/m3
3.1E-02 8.9E-04 2.3E-02 4.4E-05 6.0E-02 2.5E-04 6.0E-02 6.6E-03

BERYLLIUM µg/m3
1.8E-03 8.7E-07 -- 1.6E-07 1.6E-02 1.1E-05 1.4E-03 2.2E-04

CADMIUM µg/m3
2.2E-04 -- 5.1E-04 2.0E-05 3.3E-04 1.8E-05 8.1E-04 2.7E-04

CHROMIUM µg/m3
1.5E-02 4.0E-05 2.6E-02 1.8E-05 6.7E-02 4.1E-04 4.2E-02 6.5E-03

COBALT µg/m3
-- 2.7E-05 -- 1.1E-05 -- 1.5E-05 -- --

COPPER µg/m3
4.1E-03 6.8E-05 1.4E-02 2.5E-04 8.7E-02 4.7E-03 1.7E-02 2.8E-02

IRON µg/m3
1.9E+00 2.6E-02 7.5E-01 9.7E-02 1.4E+00 2.2E-02 6.4E-01 8.9E-01

LEAD µg/m3
3.6E-03 -- 6.0E-03 -- 1.3E-02 -- 2.2E-03 5.3E-02

MANGANESE µg/m3
-- 6.9E-04 -- 5.7E-04 -- 8.1E-04 -- --

MERCURY µg/m3
-- 2.2E-08 1.1E-03 1.4E-05 -- 1.8E-06 1.1E-03 1.1E-03

NICKEL µg/m3
3.2E-03 1.7E-04 5.8E-03 1.0E-05 6.0E-03 2.9E-04 2.2E-03 5.2E-03

SELENIUM µg/m3
2.1E-03 7.5E-07 2.1E-03 2.3E-05 1.9E-03 7.8E-06 1.4E-03 1.4E-03

SILVER µg/m3
2.0E-02 1.3E-06 2.9E-03 1.4E-05 6.2E-04 1.8E-05 1.7E-03 1.2E-03

THALLIUM µg/m3
-- 1.5E-06 -- 4.6E-06 -- 1.1E-06 -- --

VANADIUM µg/m3
-- 4.7E-05 -- 3.2E-05 -- 4.1E-05 -- --

ZINC µg/m3
8.7E-03 5.4E-05 1.6E-02 6.5E-03 3.8E-02 8.8E-03 9.2E-03 1.6E-02

Definitions:

EPC = Exposure Point Concentration

-- = Not Available

µg/m3 = Micrograms per cubic meter

PEF = Particulate Emission Factor

TABLE 6-20
AMBIENT AIR COMPARISON TO PARTICULATE EMISSION FACTOR
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Child Recreational/ 
Trespasser

 Adult Recreational/ 
Trespasser

Commercial/ 
Industrial Worker

Construction 
Worker Resident Adult Resident Child Resident 

Adult/Child
Child Recreational/ 

Trespasser
 Adult Recreational/ 

Trespasser
Commercial/ 

Industrial Worker
Construction 

Worker Resident Adult Resident Child

Iron King Mine 2E-06 3E-06 3E-05 1E-06 1E-04 3E-05 1E-04 5E-02 2E-02 2E-01 2E-01 8E-01 8E-01

Humboldt Smelter 4E-06 8E-06 7E-05 3E-06 3E-04 7E-05 3E-04 1E-01 6E-02 5E-01 5E-01 2E+00 2E+00

Background 9E-07 2E-06 2E-05 6E-07 6E-05 2E-05 8E-05 1E-01 6E-02 4E-01 4E-01 2E+00 2E+00

Humboldt In-Town 4E-06 8E-06 7E-05 3E-06 3E-04 7E-05 3E-04 1E-01 6E-02 5E-01 5E-01 2E+00 2E+00

Site 4E-07 9E-07 7E-06 3E-07 3E-05 7E-06 4E-05 3E-02 2E-02 1E-01 1E-01 5E-01 5E-01

Notes:

µg/m3 = Micrograms per cubic meter        = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

EPC = Exposure point concentration        = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

Bioavailability Factor may be updated as new information is developed.        = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

TABLE 6-21
QUANTITATIVE AMBIENT AIR HUMAN HEALTH RISK ASSESSMENT SUMMARY

Sample Group

Carcinogenic Risk Summary Noncarcinogenic Hazard Summary
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Resident Adult/Child Resident Child

Background Soil Type 1 61 mg/kg 1E-04 5E+00

Background Ambient Air 0.0021 µg/m3 8E-05 2E+00

Ground Water -- 1E-04 2E+00

Cumulative Cancer Risk or Hazard Index =  3E-04 9E+00

Background Soil Type 2 17 mg/kg 4E-05 7E+00

Background Ambient Air 0.0021 µg/m3 8E-05 2E+00

Ground Water -- 1E-04 2E+00

Cumulative Cancer Risk or Hazard Index =  2E-04 1E+01

Background Soil Type 3 13 mg/kg 4E-05 5E+00

Background Ambient Air 0.0021 µg/m3 8E-05 2E+00

Ground Water -- 1E-04 2E+00

Cumulative Cancer Risk or Hazard Index =  2E-04 9E+00

Average Background Soil Type 1 through 3 23 mg/kg 6E-05 5E+00

Background Ambient Air 0.0021 µg/m3 8E-05 2E+00

Ground Water -- 1E-04 2E+00

Cumulative Cancer Risk or Hazard Index =  2E-04 9E+00

Residential Soil - OFS-121-8 80 mg/kg 2E-04 6E+00

Site Ambient Air 0.0021 µg/m3 4E-05 5E-01

Ground Water -- 1E-04 2E+00

Cumulative Cancer Risk or Hazard Index =  3E-04 9E+00

Notes:
µg/m3 = Micrograms per cubic meter

mg/kg = Milligrams per kilogram

EPC = Exposure point concentration

Bioavailability Factor may be updated as new information is developed.

Note that the cancer risk summary is based on multiple carcinogens (e.g., arsenic, chromium, etc.) and not just arsenic.

TABLE 6-22
CUMULATIVE RISK EVALUATION

Sample Group

Cancer Risk Summary Noncancer Hazard 
Summary

Arsenic EPC 
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
BKG-101-0-2 Background Surface Soil N/A N/A

BKG-102-0-2 Background Surface Soil N/A N/A

BKG-103-0-2 Background Surface Soil N/A N/A

BKG-104-0-2 Background Surface Soil N/A N/A

BKG-105-0-2 Background Surface Soil N/A N/A

BKG-106-0-2 Background Surface Soil N/A N/A

BKG-107-0-2 Background Surface Soil N/A N/A

BKG-108-0-2 Background Surface Soil N/A N/A

BKG-109-0-2 Background Surface Soil N/A N/A

BKG-110-0-2 Background Surface Soil N/A N/A

BKG-201-0-2 Background Surface Soil N/A N/A

BKG-202-0-2 Background Surface Soil N/A N/A

BKG-203-0-2 Background Surface Soil N/A N/A

BKG-204-0-2 Background Surface Soil N/A N/A

BKG-205-0-2 Background Surface Soil N/A N/A

BKG-206-0-2 Background Surface Soil N/A N/A

BKG-207-0-2 Background Surface Soil N/A N/A

BKG-208-0-2 Background Surface Soil N/A N/A

BKG-209-0-2 Background Surface Soil N/A N/A

BKG-210-0-2 Background Surface Soil N/A N/A

BKG-301-0-2 Background Surface Soil N/A N/A

BKG-302-0-2 Background Surface Soil N/A N/A

BKG-303-0-2 Background Surface Soil N/A N/A

BKG-304-0-2 Background Surface Soil N/A N/A

BKG-305-0-2 Background Surface Soil N/A N/A

BKG-305-0-2 DUP Background Surface Soil N/A N/A

BKG-306-0-2 Background Surface Soil N/A N/A

BKG-307-0-2 Background Surface Soil N/A N/A

BKG-307-0-2-D Background Surface Soil N/A N/A

BKG-308-0-2 Background Surface Soil N/A N/A

BKG-308-0-2-D Background Surface Soil N/A N/A

BKG-309-0-2 Background Surface Soil N/A N/A

BKG-309-0-2-D Background Surface Soil N/A N/A

BKG-310-0-2 Background Surface Soil N/A N/A

HSJ-575-0-0_5 East Surface Soil AEast Sediment

HSJ-576-0-0_5 East Surface Soil AEast Sediment

HSJ-582-0-0_5 East Surface Soil AEast Sediment

HSJ-582-S-10 East Surface Soil AEast Sediment

HSJ-582-S-200 East Surface Soil AEast Sediment

HSJ-582-S-3_8 East Surface Soil AEast Sediment

HSJ-582-S-40 East Surface Soil AEast Sediment

HSJ-582-S-80 East Surface Soil AEast Sediment

HSJ-583-0-0_5 East Surface Soil AEast Sediment

HSJ-583-S-10 East Surface Soil AEast Sediment

HSJ-583-S-200 East Surface Soil AEast Sediment

HSJ-583-S-3_8 East Surface Soil AEast Sediment

HSJ-583-S-40 East Surface Soil AEast Sediment

HSJ-583-S-80 East Surface Soil AEast Sediment

HSJ-584-0-0_5 East Surface Soil AEast Sediment

HSJ-584-S-10 East Surface Soil AEast Sediment

HSJ-584-S-200 East Surface Soil AEast Sediment

HSJ-584-S-3_8 East Surface Soil AEast Sediment

HSJ-584-S-40 East Surface Soil AEast Sediment

HSJ-584-S-80 East Surface Soil AEast Sediment

SD-CG-22-0_5-2 East Surface Soil AEast Sediment

SD-CG-22-0-0_5 East Surface Soil AEast Sediment

SD-CG-23-0-0_5 East Surface Soil AEast Sediment

SD-CG-25-0-0_5 East Surface Soil AEast Sediment

HS-23SS East Surface Soil East Sediment

SD-IP-19 East Surface Soil East Sediment

SD-IP-20 East Surface Soil East Sediment

SD-IP-21 East Surface Soil East Sediment

HS-16SS East Surface Soil East Sediment

HSJ-534-0-2 East Surface Soil East Sediment

HSJ-534-0-2-D East Surface Soil East Sediment

HSJ-535-0-2 East Surface Soil East Sediment

HSJ-536-0-2 East Surface Soil East Sediment

HSJ-548-0-2 East Surface Soil East Sediment

HSJ-549-0-2 East Surface Soil East Sediment

HSJ-550-0-2 East Surface Soil East Sediment

HSJ-551-0-6 East Surface Soil East Sediment

HSV-101-0-2 East Surface Soil East Sediment

HSV-102-0-2 East Surface Soil East Sediment

HSV-104-0-2 East Surface Soil East Sediment

HSV-105-0-2 East Surface Soil East Sediment

HSV-113-0-2 East Surface Soil East Sediment
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
HSV-113-0-2-D East Surface Soil East Sediment

HSV-114-0-2 East Surface Soil East Sediment

HSV-115-0-2 East Surface Soil East Sediment

SD-CG-14 East Surface Soil East Sediment

SD-CG-15 East Surface Soil East Sediment

SD-CG-16 East Surface Soil East Sediment

SD-CG-17 East Surface Soil East Sediment

HS-05SS East Surface Soil N/A N/A

HS-06SS East Surface Soil N/A N/A

HSJ-504-0-2 East Surface Soil N/A N/A

HSJ-505-0-2 East Surface Soil N/A N/A

HSJ-506-0-2 East Surface Soil N/A N/A

HSJ-508-0-2 East Surface Soil N/A N/A

HSJ-509-0-2 East Surface Soil N/A N/A

HSJ-510-0-2 East Surface Soil N/A N/A

HSJ-511-0-2 East Surface Soil N/A N/A

HSJ-512-0-2 East Surface Soil N/A N/A

HSJ-515-0-2 East Surface Soil N/A N/A

HSJ-516-0-2 East Surface Soil N/A N/A

HSJ-517-0-2 East Surface Soil N/A N/A

HSJ-518-0-2 East Surface Soil N/A N/A

HSJ-519-0-2 East Surface Soil N/A N/A

HSJ-520-0-2 East Surface Soil N/A N/A

HSJ-521-0-2 East Surface Soil N/A N/A

HSJ-521-0-2-D East Surface Soil N/A N/A

HSJ-522-0-2 East Surface Soil N/A N/A

HSJ-523-0-2 East Surface Soil N/A N/A

HSJ-523-0-2-D East Surface Soil N/A N/A

HSJ-538-0-2 East Surface Soil N/A N/A

HSJ-539-0-0_5 East Surface Soil N/A N/A

HSJ-543-0-2 East Surface Soil N/A N/A

HSJ-547-0-2 East Surface Soil N/A N/A

HSJ-547-0-2-D East Surface Soil N/A N/A

HSJ-552-0-6 East Surface Soil N/A N/A

HSV-112-0-2 East Surface Soil N/A N/A

HSV-118-0-2 East Surface Soil N/A N/A

HSV-118-0-2-D East Surface Soil N/A N/A

HSV-119-0-2 East Surface Soil N/A N/A

HSV-120-0-2 East Surface Soil N/A N/A

HSV-121-0-2 East Surface Soil N/A N/A

HS-01SS East Surface Soil N/A N/A

HS-02SS East Surface Soil N/A N/A

HS-04SS East Surface Soil N/A N/A

HS-07SS East Surface Soil N/A N/A

HS-08SS East Surface Soil N/A N/A

HS-09SS East Surface Soil N/A N/A

HSJ-513-0-2 East Surface Soil N/A N/A

HSJ-524-0-2 East Surface Soil N/A N/A

HSJ-525-0-2 East Surface Soil N/A N/A

HSJ-526-0-2 East Surface Soil N/A N/A

HSJ-526-0-2-D East Surface Soil N/A N/A

HSJ-527-0-2 East Surface Soil N/A N/A

HSJ-527-0-2-D East Surface Soil N/A N/A

HSJ-528-0-2 East Surface Soil N/A N/A

HSJ-529-0-2 East Surface Soil N/A N/A

HSJ-530-0-2 East Surface Soil N/A N/A

HSJ-531-0-2 East Surface Soil N/A N/A

HSJ-532-0-2 East Surface Soil N/A N/A

HSJ-533-0-2 East Surface Soil N/A N/A

HSJ-537-0-2 East Surface Soil N/A N/A

HSJ-540-0-2 East Surface Soil N/A N/A

HSJ-541-0-2 East Surface Soil N/A N/A

HSJ-542-0-2 East Surface Soil N/A N/A

HSV-103-0-2 East Surface Soil N/A N/A

HSV-103-0-2-D East Surface Soil N/A N/A

HSV-106-0-2 East Surface Soil N/A N/A

HSV-106-0-2-D East Surface Soil N/A N/A

HSV-108-0-2 East Surface Soil N/A N/A

HSV-110-0-2 East Surface Soil N/A N/A

HSV-111-0-2 East Surface Soil N/A N/A

HSJ-507-0-2 East Surface Soil N/A N/A

HSJ-514-0-2 East Surface Soil N/A N/A

HSV-109-0-2 East Surface Soil N/A N/A

HSV-122-0-2 East Surface Soil N/A N/A

HSV-122-0-2-D East Surface Soil N/A N/A

HSV-123-0-2 East Surface Soil N/A N/A
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
HSV-124-0-2 East Surface Soil N/A N/A

HSV-125-0-2 East Surface Soil N/A N/A

HSV-125-0-2-D East Surface Soil N/A N/A

HSV-126-0-2 East Surface Soil N/A N/A

HSV-126-0-2-D East Surface Soil N/A N/A

HSV-127-0-2 East Surface Soil N/A N/A

HS-12SS East Surface Soil N/A N/A

HS-13SS East Surface Soil N/A N/A

HS-14SS East Surface Soil N/A N/A

HS-15SS East Surface Soil N/A N/A

HSJ-501-0-2 East Surface Soil N/A N/A

HSJ-501-0-2-D East Surface Soil N/A N/A

HSJ-502-0-2 East Surface Soil N/A N/A

HSJ-503-0-2 East Surface Soil N/A N/A

HSJ-503-0-2-D East Surface Soil N/A N/A

HSJ-544-0-2 East Surface Soil N/A N/A

HSJ-545-0-2 East Surface Soil N/A N/A

HSV-107-0-2 East Surface Soil N/A N/A

HSV-116-0-2 East Surface Soil N/A N/A

HSV-117-0-2 East Surface Soil N/A N/A

IK-D10 East Surface Soil N/A N/A

IK-D13 East Surface Soil N/A N/A

IK-D14 East Surface Soil N/A N/A

IK-D15 East Surface Soil N/A N/A

SD-CG-1 East Surface Soil N/A N/A

SD-CG-10 East Surface Soil N/A N/A

SD-CG-11 East Surface Soil N/A N/A

SD-CG-12 East Surface Soil N/A N/A

SD-CG-13 East Surface Soil N/A N/A

SD-CG-13-D East Surface Soil N/A N/A

SD-CG-1-D East Surface Soil N/A N/A

SD-OW-16 East Surface Soil N/A N/A

SD-OW-17 East Surface Soil N/A N/A

HSJ-553-0-2 East Surface Soil N/A N/A

HSJ-554-0-2 East Surface Soil N/A N/A

HSJ-555-0-2 East Surface Soil N/A N/A

HSJ-556-0-2 East Surface Soil N/A N/A

HSJ-557-0-2 East Surface Soil N/A N/A

HSJ-558-0-2 East Surface Soil N/A N/A

HSJ-559-0-2 East Surface Soil N/A N/A

HSJ-560-0-2 East Surface Soil N/A N/A

HSJ-561-0-2 East Surface Soil N/A N/A

HSJ-562-0-2 East Surface Soil N/A N/A

HSJ-563-0-2 East Surface Soil N/A N/A

HSJ-564-0-2 East Surface Soil N/A N/A

HSJ-565-0-2 East Surface Soil N/A N/A

HSJ-566-0-2 East Surface Soil N/A N/A

HSJ-567-0-2 East Surface Soil N/A N/A

HSJ-577-0-0_5 East Surface Soil N/A N/A

HSJ-578-0-0_5 East Surface Soil N/A N/A

HSJ-579-0-0_5 East Surface Soil N/A N/A

HSJ-580-0-0_5 East Surface Soil N/A N/A

HSJ-580-S-10 East Surface Soil N/A N/A

HSJ-580-S-200 East Surface Soil N/A N/A

HSJ-580-S-40 East Surface Soil N/A N/A

HSJ-580-S-80 East Surface Soil N/A N/A

HSJ-581-0-0_5 East Surface Soil N/A N/A

HSJ-953-0-2 East Surface Soil N/A N/A

HSJ-958-0-2 East Surface Soil N/A N/A

HSJ-964-0-2 East Surface Soil N/A N/A

HSJ-978-0-0_5 East Surface Soil N/A N/A

HSJ-DRUM East Surface Soil N/A N/A

HSV-128-0-2 East Surface Soil N/A N/A

HSV-129-0-2 East Surface Soil N/A N/A

HSV-130-0-2 East Surface Soil N/A N/A

HSV-131-0-2 East Surface Soil N/A N/A

HSV-132-0-2 East Surface Soil N/A N/A

HSV-133-0-2 East Surface Soil N/A N/A

HSV-134-0-2 East Surface Soil N/A N/A

HSV-135-0-2 East Surface Soil N/A N/A

HSV-136-0-2 East Surface Soil N/A N/A

HSV-137-0-2 East Surface Soil N/A N/A

HSV-138-0-2 East Surface Soil N/A N/A

HSV-139-0-2 East Surface Soil N/A N/A

SD-AF-16 East Surface Soil N/A N/A

SD-AF-17 East Surface Soil N/A N/A
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
SD-AF-18 East Surface Soil N/A N/A

SD-AF-9 East Surface Soil N/A N/A

HS-39SW East Surface Water Agua Fria Surface Water

HS-39SW-F East Surface Water Agua Fria Surface Water

HS-40SW East Surface Water Agua Fria Surface Water

HS-40SW-F East Surface Water Agua Fria Surface Water

IK-W20 East Surface Water Agua Fria Surface Water

IK-W20-F East Surface Water Agua Fria Surface Water

IK-W21 East Surface Water Agua Fria Surface Water

IK-W21-F East Surface Water Agua Fria Surface Water

IK-W3 East Surface Water Agua Fria Surface Water

IK-W30 East Surface Water Agua Fria Surface Water

IK-W30-F East Surface Water Agua Fria Surface Water

IK-W3-F East Surface Water Agua Fria Surface Water

SW-AF-10 East Surface Water Agua Fria Surface Water

SW-AF-10-F East Surface Water Agua Fria Surface Water

SW-AF-11 East Surface Water Agua Fria Surface Water

SW-AF-11-F East Surface Water Agua Fria Surface Water

SW-AF-12 East Surface Water Agua Fria Surface Water

SW-AF-12-F East Surface Water Agua Fria Surface Water

SW-AF-14-D East Surface Water Agua Fria Surface Water

SW-AF-15 East Surface Water Agua Fria Surface Water

SW-AF-15-F East Surface Water Agua Fria Surface Water

SW-AF-2 East Surface Water Agua Fria Surface Water

SW-AF-2-F East Surface Water Agua Fria Surface Water

SW-AF-3 East Surface Water Agua Fria Surface Water

SW-AF-3-F East Surface Water Agua Fria Surface Water

SW-AF-4 East Surface Water Agua Fria Surface Water

SW-AF-4-F East Surface Water Agua Fria Surface Water

SW-AF-5 East Surface Water Agua Fria Surface Water

SW-AF-5-F East Surface Water Agua Fria Surface Water

SW-AF-6 East Surface Water Agua Fria Surface Water

SW-AF-6-F East Surface Water Agua Fria Surface Water

SW-AF-8 East Surface Water Agua Fria Surface Water

SW-AF-8-D East Surface Water Agua Fria Surface Water

SW-AF-8-F East Surface Water Agua Fria Surface Water

SW-AF-8-F-D East Surface Water Agua Fria Surface Water

SW-CG-14 East Surface Water East Surface Water

SW-CG-14-F East Surface Water East Surface Water

SW-CG-16 East Surface Water East Surface Water

SW-CG-16-F East Surface Water East Surface Water

SW-CG-17 East Surface Water East Surface Water

HS-38SW East Surface Water East Surface Water

HS-38SW-F East Surface Water East Surface Water

SW-CG-18 East Surface Water East Surface Water

SW-CG-19 East Surface Water East Surface Water

SW-CG-19-F East Surface Water East Surface Water

SW-CG-20 East Surface Water East Surface Water

SW-CG-20-F East Surface Water East Surface Water

SW-CG-21 East Surface Water East Surface Water

SW-CG-21-D East Surface Water East Surface Water

SW-CG-21-F East Surface Water East Surface Water

SW-CG-21-F-D East Surface Water East Surface Water

SW-DE-1 East Surface Water East Surface Water

SW-DE-2 East Surface Water East Surface Water

SW-DE-2-F East Surface Water East Surface Water

SW-CG-1 East Surface Water N/A N/A

SW-CG-10 East Surface Water N/A N/A

SW-CG-11 East Surface Water N/A N/A

SW-CG-12 East Surface Water N/A N/A

SW-CG-1-D East Surface Water N/A N/A

HSJ-546-0-2 In-Town East Surface Soil N/A N/A

IKJ-551-0-2 In-Town East Surface Soil N/A N/A

S-01-0 In-Town East Surface Soil N/A N/A

S-02-0 In-Town East Surface Soil N/A N/A

S-02-1 In-Town East Surface Soil N/A N/A

S-03-0 In-Town East Surface Soil N/A N/A

S-04-0 In-Town East Surface Soil N/A N/A

S-05-0 In-Town East Surface Soil N/A N/A

S-06-0 In-Town East Surface Soil N/A N/A

S-07-0 In-Town East Surface Soil N/A N/A

S-08-0 In-Town East Surface Soil N/A N/A

01-BG-0 In-Town East Surface Soil N/A N/A

01-BG-1.5 In-Town East Surface Soil N/A N/A

02-BG-0 In-Town East Surface Soil N/A N/A

02-BG-1 In-Town East Surface Soil N/A N/A
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
02-BG-1.5 In-Town East Surface Soil N/A N/A

03-BG-0 In-Town East Surface Soil N/A N/A

04-BG-0 In-Town East Surface Soil N/A N/A

05-BG-0 In-Town East Surface Soil N/A N/A

OFS-101-1 In-Town East Surface Soil N/A N/A

OFS-101-2 In-Town East Surface Soil N/A N/A

OFS-101-2-D In-Town East Surface Soil N/A N/A

OFS-101-3 In-Town East Surface Soil N/A N/A

OFS-101-3-A In-Town East Surface Soil N/A N/A

OFS-101-4 In-Town East Surface Soil N/A N/A

OFS-101-5 In-Town East Surface Soil N/A N/A

OFS-101-6 In-Town East Surface Soil N/A N/A

OFS-101-7 In-Town East Surface Soil N/A N/A

OFS-101-8 In-Town East Surface Soil N/A N/A

OFS-101-9 In-Town East Surface Soil N/A N/A

OFS-102-1 In-Town East Surface Soil N/A N/A

OFS-102-1-A In-Town East Surface Soil N/A N/A

OFS-102-2 In-Town East Surface Soil N/A N/A

OFS-102-3 In-Town East Surface Soil N/A N/A

OFS-102-3-D In-Town East Surface Soil N/A N/A

OFS-102-4 In-Town East Surface Soil N/A N/A

OFS-102-5 In-Town East Surface Soil N/A N/A

OFS-102-6 In-Town East Surface Soil N/A N/A

OFS-102-7 In-Town East Surface Soil N/A N/A

OFS-102-8 In-Town East Surface Soil N/A N/A

OFS-102-9 In-Town East Surface Soil N/A N/A

OFS-103-1 In-Town East Surface Soil N/A N/A

OFS-103-2 In-Town East Surface Soil N/A N/A

OFS-103-3 In-Town East Surface Soil N/A N/A

OFS-103-4 In-Town East Surface Soil N/A N/A

OFS-103-4-A In-Town East Surface Soil N/A N/A

OFS-103-5 In-Town East Surface Soil N/A N/A

OFS-103-5-D In-Town East Surface Soil N/A N/A

OFS-103-6 In-Town East Surface Soil N/A N/A

OFS-103-7 In-Town East Surface Soil N/A N/A

OFS-103-8 In-Town East Surface Soil N/A N/A

OFS-103-9 In-Town East Surface Soil N/A N/A

OFS-104-1 In-Town East Surface Soil N/A N/A

OFS-104-1-A In-Town East Surface Soil N/A N/A

OFS-104-1-D In-Town East Surface Soil N/A N/A

OFS-104-2 In-Town East Surface Soil N/A N/A

OFS-104-3 In-Town East Surface Soil N/A N/A

OFS-104-4 In-Town East Surface Soil N/A N/A

OFS-104-5 In-Town East Surface Soil N/A N/A

OFS-104-6 In-Town East Surface Soil N/A N/A

OFS-104-7 In-Town East Surface Soil N/A N/A

OFS-104-8 In-Town East Surface Soil N/A N/A

OFS-104-9 In-Town East Surface Soil N/A N/A

OFS-105-1 In-Town East Surface Soil N/A N/A

OFS-105-2 In-Town East Surface Soil N/A N/A

OFS-105-3 In-Town East Surface Soil N/A N/A

OFS-105-3-A In-Town East Surface Soil N/A N/A

OFS-105-4 In-Town East Surface Soil N/A N/A

OFS-105-4-D In-Town East Surface Soil N/A N/A

OFS-105-5 In-Town East Surface Soil N/A N/A

OFS-105-6 In-Town East Surface Soil N/A N/A

OFS-105-7 In-Town East Surface Soil N/A N/A

OFS-105-8 In-Town East Surface Soil N/A N/A

OFS-105-9 In-Town East Surface Soil N/A N/A

HS-42SS In-Town East Surface Soil N/A N/A

OFS-106-1 In-Town East Surface Soil N/A N/A

OFS-106-1-A In-Town East Surface Soil N/A N/A

OFS-106-2 In-Town East Surface Soil N/A N/A

OFS-106-3 In-Town East Surface Soil N/A N/A

OFS-106-3-D In-Town East Surface Soil N/A N/A

OFS-106-4 In-Town East Surface Soil N/A N/A

OFS-106-5 In-Town East Surface Soil N/A N/A

OFS-106-6 In-Town East Surface Soil N/A N/A

OFS-106-7 In-Town East Surface Soil N/A N/A

OFS-106-8 In-Town East Surface Soil N/A N/A

OFS-106-9 In-Town East Surface Soil N/A N/A

OFS-107-1 In-Town East Surface Soil N/A N/A

OFS-107-1-A In-Town East Surface Soil N/A N/A

OFS-107-2 In-Town East Surface Soil N/A N/A

OFS-107-2-D In-Town East Surface Soil N/A N/A

OFS-107-3 In-Town East Surface Soil N/A N/A



Page 6 of 19

Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
OFS-107-4 In-Town East Surface Soil N/A N/A

OFS-107-5 In-Town East Surface Soil N/A N/A

OFS-107-6 In-Town East Surface Soil N/A N/A

OFS-107-7 In-Town East Surface Soil N/A N/A

OFS-107-8 In-Town East Surface Soil N/A N/A

OFS-107-9 In-Town East Surface Soil N/A N/A

OFS-108-1 In-Town East Surface Soil N/A N/A

OFS-108-2 In-Town East Surface Soil N/A N/A

OFS-108-2-A In-Town East Surface Soil N/A N/A

OFS-108-3 In-Town East Surface Soil N/A N/A

OFS-108-4 In-Town East Surface Soil N/A N/A

OFS-108-5 In-Town East Surface Soil N/A N/A

OFS-108-6 In-Town East Surface Soil N/A N/A

OFS-108-7 In-Town East Surface Soil N/A N/A

OFS-108-8 In-Town East Surface Soil N/A N/A

OFS-108-9 In-Town East Surface Soil N/A N/A

OFS-108-9-D In-Town East Surface Soil N/A N/A

OFS-109-1 In-Town East Surface Soil N/A N/A

OFS-109-1-A In-Town East Surface Soil N/A N/A

OFS-109-2 In-Town East Surface Soil N/A N/A

OFS-109-3 In-Town East Surface Soil N/A N/A

OFS-109-4 In-Town East Surface Soil N/A N/A

OFS-109-5 In-Town East Surface Soil N/A N/A

OFS-109-5-D In-Town East Surface Soil N/A N/A

OFS-109-6 In-Town East Surface Soil N/A N/A

OFS-109-7 In-Town East Surface Soil N/A N/A

OFS-109-8 In-Town East Surface Soil N/A N/A

OFS-109-9 In-Town East Surface Soil N/A N/A

OFS-110-1 In-Town East Surface Soil N/A N/A

OFS-110-2 In-Town East Surface Soil N/A N/A

OFS-110-3 In-Town East Surface Soil N/A N/A

OFS-110-3-A In-Town East Surface Soil N/A N/A

OFS-110-4 In-Town East Surface Soil N/A N/A

OFS-110-5 In-Town East Surface Soil N/A N/A

OFS-110-6 In-Town East Surface Soil N/A N/A

OFS-110-7 In-Town East Surface Soil N/A N/A

OFS-110-7-D In-Town East Surface Soil N/A N/A

OFS-110-8 In-Town East Surface Soil N/A N/A

OFS-110-9 In-Town East Surface Soil N/A N/A

OFS-111-1 In-Town East Surface Soil N/A N/A

OFS-111-1-A In-Town East Surface Soil N/A N/A

OFS-111-2 In-Town East Surface Soil N/A N/A

OFS-111-3 In-Town East Surface Soil N/A N/A

OFS-111-4 In-Town East Surface Soil N/A N/A

OFS-111-5 In-Town East Surface Soil N/A N/A

OFS-111-6 In-Town East Surface Soil N/A N/A

OFS-111-7 In-Town East Surface Soil N/A N/A

OFS-111-8 In-Town East Surface Soil N/A N/A

OFS-111-8-D In-Town East Surface Soil N/A N/A

OFS-111-9 In-Town East Surface Soil N/A N/A

OFS-115-1 In-Town East Surface Soil N/A N/A

OFS-115-1-A In-Town East Surface Soil N/A N/A

OFS-115-1-D In-Town East Surface Soil N/A N/A

OFS-115-2 In-Town East Surface Soil N/A N/A

OFS-115-3 In-Town East Surface Soil N/A N/A

OFS-115-4 In-Town East Surface Soil N/A N/A

OFS-115-5 In-Town East Surface Soil N/A N/A

OFS-115-6 In-Town East Surface Soil N/A N/A

OFS-115-7 In-Town East Surface Soil N/A N/A

OFS-115-8 In-Town East Surface Soil N/A N/A

OFS-115-9 In-Town East Surface Soil N/A N/A

OFS-116-1 In-Town East Surface Soil N/A N/A

OFS-116-1-A In-Town East Surface Soil N/A N/A

OFS-116-1-D In-Town East Surface Soil N/A N/A

OFS-116-2 In-Town East Surface Soil N/A N/A

OFS-116-3 In-Town East Surface Soil N/A N/A

OFS-116-4 In-Town East Surface Soil N/A N/A

OFS-116-5 In-Town East Surface Soil N/A N/A

OFS-116-6 In-Town East Surface Soil N/A N/A

OFS-116-7 In-Town East Surface Soil N/A N/A

OFS-116-8 In-Town East Surface Soil N/A N/A

OFS-116-9 In-Town East Surface Soil N/A N/A

OFS-117-1 In-Town East Surface Soil N/A N/A

OFS-117-1-A In-Town East Surface Soil N/A N/A

OFS-117-1-D In-Town East Surface Soil N/A N/A

OFS-117-2 In-Town East Surface Soil N/A N/A
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OFS-117-3 In-Town East Surface Soil N/A N/A

OFS-117-4 In-Town East Surface Soil N/A N/A

OFS-117-5 In-Town East Surface Soil N/A N/A

OFS-117-6 In-Town East Surface Soil N/A N/A

OFS-117-7 In-Town East Surface Soil N/A N/A

OFS-117-8 In-Town East Surface Soil N/A N/A

OFS-117-9 In-Town East Surface Soil N/A N/A

OFS-118-1 In-Town East Surface Soil N/A N/A

OFS-118-1-A In-Town East Surface Soil N/A N/A

OFS-118-2 In-Town East Surface Soil N/A N/A

OFS-118-3 In-Town East Surface Soil N/A N/A

OFS-118-4 In-Town East Surface Soil N/A N/A

OFS-118-5 In-Town East Surface Soil N/A N/A

OFS-118-6 In-Town East Surface Soil N/A N/A

OFS-118-7 In-Town East Surface Soil N/A N/A

OFS-118-8 In-Town East Surface Soil N/A N/A

OFS-118-8-D In-Town East Surface Soil N/A N/A

OFS-118-9 In-Town East Surface Soil N/A N/A

HS-43SS In-Town East Surface Soil N/A N/A

OFS-119-1 In-Town East Surface Soil N/A N/A

OFS-119-1-A In-Town East Surface Soil N/A N/A

OFS-119-2 In-Town East Surface Soil N/A N/A

OFS-119-3 In-Town East Surface Soil N/A N/A

OFS-119-4 In-Town East Surface Soil N/A N/A

OFS-119-5 In-Town East Surface Soil N/A N/A

OFS-119-6 In-Town East Surface Soil N/A N/A

OFS-119-6-D In-Town East Surface Soil N/A N/A

OFS-119-7 In-Town East Surface Soil N/A N/A

OFS-119-8 In-Town East Surface Soil N/A N/A

OFS-119-9 In-Town East Surface Soil N/A N/A

OFS-119-9-D In-Town East Surface Soil N/A N/A

OFS-120-1 In-Town East Surface Soil N/A N/A

OFS-120-2 In-Town East Surface Soil N/A N/A

OFS-120-3 In-Town East Surface Soil N/A N/A

OFS-120-4 In-Town East Surface Soil N/A N/A

OFS-120-5 In-Town East Surface Soil N/A N/A

OFS-120-5-D In-Town East Surface Soil N/A N/A

OFS-120-6 In-Town East Surface Soil N/A N/A

OFS-120-7 In-Town East Surface Soil N/A N/A

OFS-120-7-A In-Town East Surface Soil N/A N/A

OFS-120-8 In-Town East Surface Soil N/A N/A

OFS-120-9 In-Town East Surface Soil N/A N/A

OFS-122-1 In-Town East Surface Soil N/A N/A

OFS-122-2 In-Town East Surface Soil N/A N/A

OFS-122-2-A In-Town East Surface Soil N/A N/A

OFS-122-3 In-Town East Surface Soil N/A N/A

OFS-122-4 In-Town East Surface Soil N/A N/A

OFS-122-5 In-Town East Surface Soil N/A N/A

OFS-122-6 In-Town East Surface Soil N/A N/A

OFS-122-7 In-Town East Surface Soil N/A N/A

OFS-122-8 In-Town East Surface Soil N/A N/A

OFS-122-8-D In-Town East Surface Soil N/A N/A

OFS-122-9 In-Town East Surface Soil N/A N/A

HS-36SS In-Town East Surface Soil N/A N/A

OFS-123-1 In-Town East Surface Soil N/A N/A

OFS-123-2 In-Town East Surface Soil N/A N/A

OFS-123-3 In-Town East Surface Soil N/A N/A

OFS-123-4 In-Town East Surface Soil N/A N/A

OFS-123-4-A In-Town East Surface Soil N/A N/A

OFS-123-4-D In-Town East Surface Soil N/A N/A

OFS-123-5 In-Town East Surface Soil N/A N/A

OFS-123-5-D In-Town East Surface Soil N/A N/A

OFS-123-6 In-Town East Surface Soil N/A N/A

OFS-123-7 In-Town East Surface Soil N/A N/A

OFS-123-8 In-Town East Surface Soil N/A N/A

OFS-123-9 In-Town East Surface Soil N/A N/A

OFS-123-9-D In-Town East Surface Soil N/A N/A

HS-35SS In-Town East Surface Soil N/A N/A

OFS-124-1 In-Town East Surface Soil N/A N/A

OFS-124-1-A In-Town East Surface Soil N/A N/A

OFS-124-2 In-Town East Surface Soil N/A N/A

OFS-124-3 In-Town East Surface Soil N/A N/A

OFS-124-4 In-Town East Surface Soil N/A N/A

OFS-124-5 In-Town East Surface Soil N/A N/A

OFS-124-6 In-Town East Surface Soil N/A N/A

OFS-124-7 In-Town East Surface Soil N/A N/A
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OFS-124-8 In-Town East Surface Soil N/A N/A

OFS-124-8-D In-Town East Surface Soil N/A N/A

OFS-124-9 In-Town East Surface Soil N/A N/A

HS-34SS In-Town East Surface Soil N/A N/A

OFS-125-1 In-Town East Surface Soil N/A N/A

OFS-125-2 In-Town East Surface Soil N/A N/A

OFS-125-2-D In-Town East Surface Soil N/A N/A

OFS-125-3 In-Town East Surface Soil N/A N/A

OFS-125-4 In-Town East Surface Soil N/A N/A

OFS-125-5 In-Town East Surface Soil N/A N/A

OFS-125-6 In-Town East Surface Soil N/A N/A

OFS-125-7 In-Town East Surface Soil N/A N/A

OFS-125-7-A In-Town East Surface Soil N/A N/A

OFS-125-8 In-Town East Surface Soil N/A N/A

OFS-125-8-D In-Town East Surface Soil N/A N/A

OFS-125-9 In-Town East Surface Soil N/A N/A

OFS-126-1 In-Town East Surface Soil N/A N/A

OFS-126-2 In-Town East Surface Soil N/A N/A

OFS-126-3 In-Town East Surface Soil N/A N/A

OFS-126-3-D In-Town East Surface Soil N/A N/A

OFS-126-4 In-Town East Surface Soil N/A N/A

OFS-126-5 In-Town East Surface Soil N/A N/A

OFS-126-6 In-Town East Surface Soil N/A N/A

OFS-126-7 In-Town East Surface Soil N/A N/A

OFS-126-8 In-Town East Surface Soil N/A N/A

OFS-126-9 In-Town East Surface Soil N/A N/A

OFS-126-9-A In-Town East Surface Soil N/A N/A

HSJ-568-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-569-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-570-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-571-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-572-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-573-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-574-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-968-0-0_5 In-Town East Surface Soil N/A N/A

HSJ-970-0-0_5 In-Town East Surface Soil N/A N/A

OFS-101-0-0_5 In-Town East Surface Soil N/A N/A

OFS-101-S-10 In-Town East Surface Soil N/A N/A

OFS-101-S-200 In-Town East Surface Soil N/A N/A

OFS-101-S-3_8 In-Town East Surface Soil N/A N/A

OFS-101-S-40 In-Town East Surface Soil N/A N/A

OFS-101-S-80 In-Town East Surface Soil N/A N/A

OFS-127-1 In-Town East Surface Soil N/A N/A

OFS-127-2 In-Town East Surface Soil N/A N/A

OFS-127-3 In-Town East Surface Soil N/A N/A

OFS-127-4 In-Town East Surface Soil N/A N/A

OFS-127-5 In-Town East Surface Soil N/A N/A

OFS-127-6 In-Town East Surface Soil N/A N/A

OFS-127-7 In-Town East Surface Soil N/A N/A

OFS-127-8 In-Town East Surface Soil N/A N/A

OFS-127-9 In-Town East Surface Soil N/A N/A

OFS-127-9-A In-Town East Surface Soil N/A N/A

OFS-128-1 In-Town East Surface Soil N/A N/A

OFS-128-1-A In-Town East Surface Soil N/A N/A

OFS-128-2 In-Town East Surface Soil N/A N/A

OFS-128-3 In-Town East Surface Soil N/A N/A

OFS-128-4 In-Town East Surface Soil N/A N/A

OFS-128-5 In-Town East Surface Soil N/A N/A

OFS-128-6 In-Town East Surface Soil N/A N/A

OFS-128-7 In-Town East Surface Soil N/A N/A

OFS-128-8 In-Town East Surface Soil N/A N/A

OFS-128-9 In-Town East Surface Soil N/A N/A

OFS-129-1 In-Town East Surface Soil N/A N/A

OFS-129-2 In-Town East Surface Soil N/A N/A

OFS-129-3 In-Town East Surface Soil N/A N/A

OFS-129-4 In-Town East Surface Soil N/A N/A

OFS-129-5 In-Town East Surface Soil N/A N/A

OFS-129-6 In-Town East Surface Soil N/A N/A

OFS-129-7 In-Town East Surface Soil N/A N/A

OFS-129-8 In-Town East Surface Soil N/A N/A

OFS-129-9 In-Town East Surface Soil N/A N/A

OFS-129-9-A In-Town East Surface Soil N/A N/A

OFS-130-1 In-Town East Surface Soil N/A N/A

OFS-130-1-A In-Town East Surface Soil N/A N/A

OFS-130-2 In-Town East Surface Soil N/A N/A

OFS-130-3 In-Town East Surface Soil N/A N/A
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OFS-130-4 In-Town East Surface Soil N/A N/A

OFS-130-5 In-Town East Surface Soil N/A N/A

OFS-130-6 In-Town East Surface Soil N/A N/A

OFS-130-7 In-Town East Surface Soil N/A N/A

OFS-130-8 In-Town East Surface Soil N/A N/A

OFS-130-9 In-Town East Surface Soil N/A N/A

OFS-131-1 In-Town East Surface Soil N/A N/A

OFS-131-2 In-Town East Surface Soil N/A N/A

OFS-131-3 In-Town East Surface Soil N/A N/A

OFS-131-3-A In-Town East Surface Soil N/A N/A

OFS-131-4 In-Town East Surface Soil N/A N/A

OFS-131-5 In-Town East Surface Soil N/A N/A

OFS-131-6 In-Town East Surface Soil N/A N/A

OFS-131-7 In-Town East Surface Soil N/A N/A

OFS-131-8 In-Town East Surface Soil N/A N/A

OFS-131-9 In-Town East Surface Soil N/A N/A

OFS-132-1 In-Town East Surface Soil N/A N/A

OFS-132-2 In-Town East Surface Soil N/A N/A

OFS-132-3 In-Town East Surface Soil N/A N/A

OFS-132-4 In-Town East Surface Soil N/A N/A

OFS-132-5 In-Town East Surface Soil N/A N/A

OFS-132-6 In-Town East Surface Soil N/A N/A

OFS-132-7 In-Town East Surface Soil N/A N/A

OFS-132-7-A In-Town East Surface Soil N/A N/A

OFS-132-8 In-Town East Surface Soil N/A N/A

OFS-132-9 In-Town East Surface Soil N/A N/A

OFS-133-1 In-Town East Surface Soil N/A N/A

OFS-133-2 In-Town East Surface Soil N/A N/A

OFS-133-3 In-Town East Surface Soil N/A N/A

OFS-133-4 In-Town East Surface Soil N/A N/A

OFS-133-5 In-Town East Surface Soil N/A N/A

OFS-133-6 In-Town East Surface Soil N/A N/A

OFS-133-7 In-Town East Surface Soil N/A N/A

OFS-133-8 In-Town East Surface Soil N/A N/A

OFS-133-9 In-Town East Surface Soil N/A N/A

OFS-133-9-A In-Town East Surface Soil N/A N/A

OFS-134-1 In-Town East Surface Soil N/A N/A

OFS-134-1-A In-Town East Surface Soil N/A N/A

OFS-134-2 In-Town East Surface Soil N/A N/A

OFS-134-3 In-Town East Surface Soil N/A N/A

OFS-134-4 In-Town East Surface Soil N/A N/A

OFS-134-5 In-Town East Surface Soil N/A N/A

OFS-134-6 In-Town East Surface Soil N/A N/A

OFS-134-7 In-Town East Surface Soil N/A N/A

OFS-134-8 In-Town East Surface Soil N/A N/A

OFS-134-9 In-Town East Surface Soil N/A N/A

OFS-135-1 In-Town East Surface Soil N/A N/A

OFS-135-1-A In-Town East Surface Soil N/A N/A

OFS-135-2 In-Town East Surface Soil N/A N/A

OFS-135-3 In-Town East Surface Soil N/A N/A

OFS-135-4 In-Town East Surface Soil N/A N/A

OFS-135-5 In-Town East Surface Soil N/A N/A

OFS-135-6 In-Town East Surface Soil N/A N/A

OFS-135-7 In-Town East Surface Soil N/A N/A

OFS-135-8 In-Town East Surface Soil N/A N/A

OFS-135-9 In-Town East Surface Soil N/A N/A

OFS-136-1 In-Town East Surface Soil N/A N/A

OFS-136-2 In-Town East Surface Soil N/A N/A

OFS-136-3 In-Town East Surface Soil N/A N/A

OFS-136-4 In-Town East Surface Soil N/A N/A

OFS-136-5 In-Town East Surface Soil N/A N/A

OFS-136-6 In-Town East Surface Soil N/A N/A

OFS-136-7 In-Town East Surface Soil N/A N/A

OFS-136-8 In-Town East Surface Soil N/A N/A

OFS-136-9 In-Town East Surface Soil N/A N/A

OFS-137-1 In-Town East Surface Soil N/A N/A

OFS-137-1-A In-Town East Surface Soil N/A N/A

OFS-137-2 In-Town East Surface Soil N/A N/A

OFS-137-3 In-Town East Surface Soil N/A N/A

OFS-137-4 In-Town East Surface Soil N/A N/A

OFS-137-5 In-Town East Surface Soil N/A N/A

OFS-137-6 In-Town East Surface Soil N/A N/A

OFS-137-7 In-Town East Surface Soil N/A N/A

OFS-137-8 In-Town East Surface Soil N/A N/A

OFS-137-9 In-Town East Surface Soil N/A N/A

OFS-138-1 In-Town East Surface Soil N/A N/A
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OFS-138-2 In-Town East Surface Soil N/A N/A

OFS-138-3 In-Town East Surface Soil N/A N/A

OFS-138-4 In-Town East Surface Soil N/A N/A

OFS-138-5 In-Town East Surface Soil N/A N/A

OFS-138-5-A In-Town East Surface Soil N/A N/A

OFS-138-6 In-Town East Surface Soil N/A N/A

OFS-138-7 In-Town East Surface Soil N/A N/A

OFS-138-8 In-Town East Surface Soil N/A N/A

OFS-138-9 In-Town East Surface Soil N/A N/A

OFS-139-1 In-Town East Surface Soil N/A N/A

OFS-139-1-A In-Town East Surface Soil N/A N/A

OFS-139-2 In-Town East Surface Soil N/A N/A

OFS-139-3 In-Town East Surface Soil N/A N/A

OFS-139-4 In-Town East Surface Soil N/A N/A

OFS-139-5 In-Town East Surface Soil N/A N/A

OFS-139-6 In-Town East Surface Soil N/A N/A

OFS-139-7 In-Town East Surface Soil N/A N/A

OFS-139-8 In-Town East Surface Soil N/A N/A

OFS-139-9 In-Town East Surface Soil N/A N/A

OFS-140-1 In-Town East Surface Soil N/A N/A

OFS-140-1-A In-Town East Surface Soil N/A N/A

OFS-140-2 In-Town East Surface Soil N/A N/A

OFS-140-3 In-Town East Surface Soil N/A N/A

OFS-140-4 In-Town East Surface Soil N/A N/A

OFS-140-5 In-Town East Surface Soil N/A N/A

OFS-140-6 In-Town East Surface Soil N/A N/A

OFS-140-7 In-Town East Surface Soil N/A N/A

OFS-140-8 In-Town East Surface Soil N/A N/A

OFS-140-9 In-Town East Surface Soil N/A N/A

OFS-141-1 In-Town East Surface Soil N/A N/A

OFS-141-2 In-Town East Surface Soil N/A N/A

OFS-141-3 In-Town East Surface Soil N/A N/A

OFS-141-4 In-Town East Surface Soil N/A N/A

OFS-141-5 In-Town East Surface Soil N/A N/A

OFS-141-6 In-Town East Surface Soil N/A N/A

OFS-141-7 In-Town East Surface Soil N/A N/A

OFS-141-7-A In-Town East Surface Soil N/A N/A

OFS-141-8 In-Town East Surface Soil N/A N/A

OFS-141-9 In-Town East Surface Soil N/A N/A

OFS-142-1 In-Town East Surface Soil N/A N/A

OFS-142-2 In-Town East Surface Soil N/A N/A

OFS-142-2-A In-Town East Surface Soil N/A N/A

OFS-142-3 In-Town East Surface Soil N/A N/A

OFS-142-4 In-Town East Surface Soil N/A N/A

OFS-142-5 In-Town East Surface Soil N/A N/A

OFS-142-6 In-Town East Surface Soil N/A N/A

OFS-142-7 In-Town East Surface Soil N/A N/A

OFS-142-8 In-Town East Surface Soil N/A N/A

OFS-142-9 In-Town East Surface Soil N/A N/A

OFS-143-1 In-Town East Surface Soil N/A N/A

OFS-143-1-A In-Town East Surface Soil N/A N/A

OFS-143-2 In-Town East Surface Soil N/A N/A

OFS-143-3 In-Town East Surface Soil N/A N/A

OFS-143-4 In-Town East Surface Soil N/A N/A

OFS-143-5 In-Town East Surface Soil N/A N/A

OFS-143-6 In-Town East Surface Soil N/A N/A

OFS-143-7 In-Town East Surface Soil N/A N/A

OFS-143-8 In-Town East Surface Soil N/A N/A

OFS-143-9 In-Town East Surface Soil N/A N/A

OFS-144-1 In-Town East Surface Soil N/A N/A

OFS-144-2 In-Town East Surface Soil N/A N/A

OFS-144-3 In-Town East Surface Soil N/A N/A

OFS-144-4 In-Town East Surface Soil N/A N/A

OFS-144-5 In-Town East Surface Soil N/A N/A

OFS-144-6 In-Town East Surface Soil N/A N/A

OFS-144-7 In-Town East Surface Soil N/A N/A

OFS-144-7-A In-Town East Surface Soil N/A N/A

OFS-144-8 In-Town East Surface Soil N/A N/A

OFS-144-9 In-Town East Surface Soil N/A N/A

OFS-145-1 In-Town East Surface Soil N/A N/A

OFS-145-1-A In-Town East Surface Soil N/A N/A

OFS-145-2 In-Town East Surface Soil N/A N/A

OFS-145-3 In-Town East Surface Soil N/A N/A

OFS-145-4 In-Town East Surface Soil N/A N/A

OFS-145-5 In-Town East Surface Soil N/A N/A

OFS-145-6 In-Town East Surface Soil N/A N/A
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OFS-145-7 In-Town East Surface Soil N/A N/A

OFS-145-8 In-Town East Surface Soil N/A N/A

OFS-145-9 In-Town East Surface Soil N/A N/A

OFS-146-0-0_5 In-Town East Surface Soil N/A N/A

OFS-146-1 In-Town East Surface Soil N/A N/A

OFS-146-1-A In-Town East Surface Soil N/A N/A

OFS-146-2 In-Town East Surface Soil N/A N/A

OFS-146-3 In-Town East Surface Soil N/A N/A

OFS-146-4 In-Town East Surface Soil N/A N/A

OFS-146-5 In-Town East Surface Soil N/A N/A

OFS-146-6 In-Town East Surface Soil N/A N/A

OFS-146-7 In-Town East Surface Soil N/A N/A

OFS-146-8 In-Town East Surface Soil N/A N/A

OFS-146-9 In-Town East Surface Soil N/A N/A

OFS-146-S-10 In-Town East Surface Soil N/A N/A

OFS-146-S-200 In-Town East Surface Soil N/A N/A

OFS-146-S-3_8 In-Town East Surface Soil N/A N/A

OFS-146-S-40 In-Town East Surface Soil N/A N/A

OFS-146-S-80 In-Town East Surface Soil N/A N/A

OFS-147-1 In-Town East Surface Soil N/A N/A

OFS-147-1-A In-Town East Surface Soil N/A N/A

OFS-147-2 In-Town East Surface Soil N/A N/A

OFS-147-3 In-Town East Surface Soil N/A N/A

OFS-147-4 In-Town East Surface Soil N/A N/A

OFS-147-5 In-Town East Surface Soil N/A N/A

OFS-147-6 In-Town East Surface Soil N/A N/A

OFS-147-7 In-Town East Surface Soil N/A N/A

OFS-147-8 In-Town East Surface Soil N/A N/A

OFS-147-9 In-Town East Surface Soil N/A N/A

OFS-148-1 In-Town East Surface Soil N/A N/A

OFS-148-1-A In-Town East Surface Soil N/A N/A

OFS-148-2 In-Town East Surface Soil N/A N/A

OFS-148-3 In-Town East Surface Soil N/A N/A

OFS-148-4 In-Town East Surface Soil N/A N/A

OFS-148-5 In-Town East Surface Soil N/A N/A

OFS-148-6 In-Town East Surface Soil N/A N/A

OFS-148-7 In-Town East Surface Soil N/A N/A

OFS-148-8 In-Town East Surface Soil N/A N/A

OFS-148-9 In-Town East Surface Soil N/A N/A

SD-OW-34 In-Town East Surface Soil N/A N/A

SD-OW-35 In-Town East Surface Soil N/A N/A

SD-OW-36 In-Town East Surface Soil N/A N/A

SD-OW-37 In-Town East Surface Soil N/A N/A

SD-OW-38 In-Town East Surface Soil N/A N/A

IK-S16 In-Town West Surface Soil N/A N/A

IK-S17 In-Town West Surface Soil N/A N/A

IK-S24 In-Town West Surface Soil N/A N/A

IK-S30 In-Town West Surface Soil N/A N/A

IK-S31 In-Town West Surface Soil N/A N/A

06-BG-0 In-Town West Surface Soil N/A N/A

06-BG-1.5 In-Town West Surface Soil N/A N/A

07-BG-0 In-Town West Surface Soil N/A N/A

08-BG-0 In-Town West Surface Soil N/A N/A

08-BG-1.5 In-Town West Surface Soil N/A N/A

09-BG-0 In-Town West Surface Soil N/A N/A

06-A-0 In-Town West Surface Soil N/A N/A

06-B-0 In-Town West Surface Soil N/A N/A

06-B-1 In-Town West Surface Soil N/A N/A

06-C-0 In-Town West Surface Soil N/A N/A

06-D-0 In-Town West Surface Soil N/A N/A

06-E-0 In-Town West Surface Soil N/A N/A

06-E-1.5 In-Town West Surface Soil N/A N/A

06-F-0 In-Town West Surface Soil N/A N/A

06-G-0 In-Town West Surface Soil N/A N/A

06-H-0 In-Town West Surface Soil N/A N/A

06-I-0 In-Town West Surface Soil N/A N/A

08-A-0 In-Town West Surface Soil N/A N/A

08-B-0 In-Town West Surface Soil N/A N/A

08-B-1 In-Town West Surface Soil N/A N/A

08-C-0 In-Town West Surface Soil N/A N/A

08-D-0 In-Town West Surface Soil N/A N/A

08-E-0 In-Town West Surface Soil N/A N/A

08-E-1.5 In-Town West Surface Soil N/A N/A

08-F-0 In-Town West Surface Soil N/A N/A

08-G-0 In-Town West Surface Soil N/A N/A

08-H-0 In-Town West Surface Soil N/A N/A
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08-I-0 In-Town West Surface Soil N/A N/A

09-A-0 In-Town West Surface Soil N/A N/A

09-B-0 In-Town West Surface Soil N/A N/A

09-B-1 In-Town West Surface Soil N/A N/A

09-C-0 In-Town West Surface Soil N/A N/A

09-D-0 In-Town West Surface Soil N/A N/A

09-E-0 In-Town West Surface Soil N/A N/A

09-E-1.5 In-Town West Surface Soil N/A N/A

09-F-0 In-Town West Surface Soil N/A N/A

09-G-0 In-Town West Surface Soil N/A N/A

09-H-0 In-Town West Surface Soil N/A N/A

09-I-0 In-Town West Surface Soil N/A N/A

10-A-0 In-Town West Surface Soil N/A N/A

10-B-0 In-Town West Surface Soil N/A N/A

10-B-1 In-Town West Surface Soil N/A N/A

10-C-0 In-Town West Surface Soil N/A N/A

10-D-0 In-Town West Surface Soil N/A N/A

10-E-0 In-Town West Surface Soil N/A N/A

10-E-1.5 In-Town West Surface Soil N/A N/A

10-F-0 In-Town West Surface Soil N/A N/A

10-G-0 In-Town West Surface Soil N/A N/A

10-H-0 In-Town West Surface Soil N/A N/A

10-I-0 In-Town West Surface Soil N/A N/A

11-A-0 In-Town West Surface Soil N/A N/A

11-B-0 In-Town West Surface Soil N/A N/A

11-B-1 In-Town West Surface Soil N/A N/A

11-C-0 In-Town West Surface Soil N/A N/A

11-D-0 In-Town West Surface Soil N/A N/A

11-E-0 In-Town West Surface Soil N/A N/A

11-E-1.5 In-Town West Surface Soil N/A N/A

11-F-0 In-Town West Surface Soil N/A N/A

11-G-0 In-Town West Surface Soil N/A N/A

11-H-0 In-Town West Surface Soil N/A N/A

11-I-0 In-Town West Surface Soil N/A N/A

OFS-112-1 In-Town West Surface Soil N/A N/A

OFS-112-1-A In-Town West Surface Soil N/A N/A

OFS-112-1-D In-Town West Surface Soil N/A N/A

OFS-112-2 In-Town West Surface Soil N/A N/A

OFS-112-3 In-Town West Surface Soil N/A N/A

OFS-112-4 In-Town West Surface Soil N/A N/A

OFS-112-5 In-Town West Surface Soil N/A N/A

OFS-112-6 In-Town West Surface Soil N/A N/A

OFS-112-7 In-Town West Surface Soil N/A N/A

OFS-112-8 In-Town West Surface Soil N/A N/A

OFS-112-9 In-Town West Surface Soil N/A N/A

OFS-113-1 In-Town West Surface Soil N/A N/A

OFS-113-1-D In-Town West Surface Soil N/A N/A

OFS-113-2 In-Town West Surface Soil N/A N/A

OFS-113-3 In-Town West Surface Soil N/A N/A

OFS-113-4 In-Town West Surface Soil N/A N/A

OFS-113-5 In-Town West Surface Soil N/A N/A

OFS-113-6 In-Town West Surface Soil N/A N/A

OFS-113-6-A In-Town West Surface Soil N/A N/A

OFS-113-7 In-Town West Surface Soil N/A N/A

OFS-113-8 In-Town West Surface Soil N/A N/A

OFS-113-9 In-Town West Surface Soil N/A N/A

OFS-114-1 In-Town West Surface Soil N/A N/A

OFS-114-1-A In-Town West Surface Soil N/A N/A

OFS-114-1-D In-Town West Surface Soil N/A N/A

OFS-114-2 In-Town West Surface Soil N/A N/A

OFS-114-3 In-Town West Surface Soil N/A N/A

OFS-114-4 In-Town West Surface Soil N/A N/A

OFS-114-5 In-Town West Surface Soil N/A N/A

OFS-114-6 In-Town West Surface Soil N/A N/A

OFS-114-7 In-Town West Surface Soil N/A N/A

OFS-114-8 In-Town West Surface Soil N/A N/A

OFS-114-9 In-Town West Surface Soil N/A N/A

12-A-0 In-Town West Surface Soil N/A N/A

12-B-0 In-Town West Surface Soil N/A N/A

12-B-1 In-Town West Surface Soil N/A N/A

12-C-0 In-Town West Surface Soil N/A N/A

12-D-0 In-Town West Surface Soil N/A N/A

12-E-0 In-Town West Surface Soil N/A N/A

12-E-1.5 In-Town West Surface Soil N/A N/A

12-E-2 In-Town West Surface Soil N/A N/A

12-F-0 In-Town West Surface Soil N/A N/A
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12-G-0 In-Town West Surface Soil N/A N/A

12-H-0 In-Town West Surface Soil N/A N/A

12-I-0 In-Town West Surface Soil N/A N/A

OFS-121-1 In-Town West Surface Soil N/A N/A

OFS-121-2 In-Town West Surface Soil N/A N/A

OFS-121-3 In-Town West Surface Soil N/A N/A

OFS-121-3-A In-Town West Surface Soil N/A N/A

OFS-121-4 In-Town West Surface Soil N/A N/A

OFS-121-5 In-Town West Surface Soil N/A N/A

OFS-121-6 In-Town West Surface Soil N/A N/A

OFS-121-7 In-Town West Surface Soil N/A N/A

OFS-121-7-D In-Town West Surface Soil N/A N/A

OFS-121-8 In-Town West Surface Soil N/A N/A

OFS-121-9 In-Town West Surface Soil N/A N/A

13-A-0 In-Town West Surface Soil N/A N/A

13-B-0 In-Town West Surface Soil N/A N/A

13-B-1 In-Town West Surface Soil N/A N/A

13-C-0 In-Town West Surface Soil N/A N/A

13-D-0 In-Town West Surface Soil N/A N/A

13-E-0 In-Town West Surface Soil N/A N/A

13-E-1.5 In-Town West Surface Soil N/A N/A

13-F-0 In-Town West Surface Soil N/A N/A

13-G-0 In-Town West Surface Soil N/A N/A

13-H-0 In-Town West Surface Soil N/A N/A

13-I-0 In-Town West Surface Soil N/A N/A

14-A-0 In-Town West Surface Soil N/A N/A

14-B-0 In-Town West Surface Soil N/A N/A

14-B-1 In-Town West Surface Soil N/A N/A

14-C-0 In-Town West Surface Soil N/A N/A

14-D-0 In-Town West Surface Soil N/A N/A

14-E-0 In-Town West Surface Soil N/A N/A

14-E-1.5 In-Town West Surface Soil N/A N/A

14-F-0 In-Town West Surface Soil N/A N/A

14-G-0 In-Town West Surface Soil N/A N/A

14-H-0 In-Town West Surface Soil N/A N/A

14-I-0 In-Town West Surface Soil N/A N/A

15-A-0 In-Town West Surface Soil N/A N/A

15-B-0 In-Town West Surface Soil N/A N/A

15-B-1 In-Town West Surface Soil N/A N/A

15-C-0 In-Town West Surface Soil N/A N/A

15-D-0 In-Town West Surface Soil N/A N/A

15-E-0 In-Town West Surface Soil N/A N/A

15-E-1.5 In-Town West Surface Soil N/A N/A

15-F-0 In-Town West Surface Soil N/A N/A

15-G-0 In-Town West Surface Soil N/A N/A

15-H-0 In-Town West Surface Soil N/A N/A

15-I-0 In-Town West Surface Soil N/A N/A

16-A-0 In-Town West Surface Soil N/A N/A

16-B-0 In-Town West Surface Soil N/A N/A

16-B-1 In-Town West Surface Soil N/A N/A

16-C-0 In-Town West Surface Soil N/A N/A

16-D-0 In-Town West Surface Soil N/A N/A

16-E-0 In-Town West Surface Soil N/A N/A

16-E-1.5 In-Town West Surface Soil N/A N/A

16-F-0 In-Town West Surface Soil N/A N/A

16-G-0 In-Town West Surface Soil N/A N/A

16-H-0 In-Town West Surface Soil N/A N/A

16-I-0 In-Town West Surface Soil N/A N/A

17-A-0 In-Town West Surface Soil N/A N/A

17-B-0 In-Town West Surface Soil N/A N/A

17-B-1 In-Town West Surface Soil N/A N/A

17-C-0 In-Town West Surface Soil N/A N/A

17-D-0 In-Town West Surface Soil N/A N/A

17-E-0 In-Town West Surface Soil N/A N/A

17-E-1.5 In-Town West Surface Soil N/A N/A

17-F-0 In-Town West Surface Soil N/A N/A

17-G-0 In-Town West Surface Soil N/A N/A

17-H-0 In-Town West Surface Soil N/A N/A

17-I-0 In-Town West Surface Soil N/A N/A

19-A-0 In-Town West Surface Soil N/A N/A

19-B-0 In-Town West Surface Soil N/A N/A

19-B-1 In-Town West Surface Soil N/A N/A

19-C-0 In-Town West Surface Soil N/A N/A

19-D-0 In-Town West Surface Soil N/A N/A

19-E-0 In-Town West Surface Soil N/A N/A

19-E-1.5 In-Town West Surface Soil N/A N/A
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
19-F-0 In-Town West Surface Soil N/A N/A

19-G-0 In-Town West Surface Soil N/A N/A

19-H-0 In-Town West Surface Soil N/A N/A

19-I-0 In-Town West Surface Soil N/A N/A

20-A-0 In-Town West Surface Soil N/A N/A

20-B-0 In-Town West Surface Soil N/A N/A

20-B-1 In-Town West Surface Soil N/A N/A

20-C-0 In-Town West Surface Soil N/A N/A

20-D-0 In-Town West Surface Soil N/A N/A

20-E-0 In-Town West Surface Soil N/A N/A

20-E-1.5 In-Town West Surface Soil N/A N/A

20-F-0 In-Town West Surface Soil N/A N/A

20-G-0 In-Town West Surface Soil N/A N/A

20-H-0 In-Town West Surface Soil N/A N/A

20-I-0 In-Town West Surface Soil N/A N/A

NAI-064A-OS-3 In-Town West Surface Soil N/A N/A

NAI-064A-OS-60 In-Town West Surface Soil N/A N/A

NAI-064A-OS-82 In-Town West Surface Soil N/A N/A

SW-AF-13 N/A N/A AAgua Fria Surface Water

SW-AF-13-F N/A N/A AAgua Fria Surface Water

SW-AF-16 N/A N/A AAgua Fria Surface Water

SW-AF-16-F N/A N/A AAgua Fria Surface Water

SW-AF-17 N/A N/A AAgua Fria Surface Water

SW-AF-17-F N/A N/A AAgua Fria Surface Water

SW-AF-18 N/A N/A AAgua Fria Surface Water

SW-AF-18-F N/A N/A AAgua Fria Surface Water

SW-AF-9 N/A N/A AAgua Fria Surface Water

SW-AF-9-F N/A N/A AAgua Fria Surface Water

HS-39SS N/A N/A Agua Fria Sediment

HS-40SS N/A N/A Agua Fria Sediment

IK-D20 N/A N/A Agua Fria Sediment

IK-D3 N/A N/A Agua Fria Sediment

SD-AF-10 N/A N/A Agua Fria Sediment

SD-AF-11 N/A N/A Agua Fria Sediment

SD-AF-12 N/A N/A Agua Fria Sediment

SD-AF-14 N/A N/A Agua Fria Sediment

SD-AF-14-D N/A N/A Agua Fria Sediment

SD-AF-15 N/A N/A Agua Fria Sediment

SD-AF-2 N/A N/A Agua Fria Sediment

SD-AF-3 N/A N/A Agua Fria Sediment

SD-AF-4 N/A N/A Agua Fria Sediment

SD-AF-5 N/A N/A Agua Fria Sediment

SD-AF-6 N/A N/A Agua Fria Sediment

SD-AF-8 N/A N/A Agua Fria Sediment

SD-AF-8-D N/A N/A Agua Fria Sediment

SD-OW-18 N/A N/A Agua Fria Sediment

SD-OW-19 N/A N/A Agua Fria Sediment

SD-OW-20 N/A N/A Agua Fria Sediment

SD-OW-21 N/A N/A Agua Fria Sediment

HS-41SS N/A N/A Background Sediment

SD-BKG-AF-1 N/A N/A Background Sediment

SD-BKG-AF-10 N/A N/A Background Sediment

SD-BKG-AF-1-D N/A N/A Background Sediment

SD-BKG-AF-2 N/A N/A Background Sediment

SD-BKG-AF-3 N/A N/A Background Sediment

SD-BKG-AF-4 N/A N/A Background Sediment

SD-BKG-AF-5 N/A N/A Background Sediment

SD-BKG-AF-6 N/A N/A Background Sediment

SD-BKG-AF-7 N/A N/A Background Sediment

SD-BKG-AF-8 N/A N/A Background Sediment

SD-BKG-AF-9 N/A N/A Background Sediment

IK-D2 N/A N/A Background Sediment

SD-BKG-CG-1 N/A N/A Background Sediment

SD-BKG-CG-10 N/A N/A Background Sediment

SD-BKG-CG-2 N/A N/A Background Sediment

SD-BKG-CG-3 N/A N/A Background Sediment

SD-BKG-CG-4 N/A N/A Background Sediment

SD-BKG-CG-5 N/A N/A Background Sediment

SD-BKG-CG-6 N/A N/A Background Sediment

SD-BKG-CG-7 N/A N/A Background Sediment

SD-BKG-CG-8 N/A N/A Background Sediment

SD-BKG-CG-9 N/A N/A Background Sediment

IK-D1 N/A N/A Background Sediment

SD-BKG-GG-1 N/A N/A Background Sediment

SD-BKG-GG-10 N/A N/A Background Sediment

SD-BKG-GG-10-D N/A N/A Background Sediment
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
SD-BKG-GG-2 N/A N/A Background Sediment

SD-BKG-GG-3 N/A N/A Background Sediment

SD-BKG-GG-4 N/A N/A Background Sediment

SD-BKG-GG-5 N/A N/A Background Sediment

SD-BKG-GG-6 N/A N/A Background Sediment

SD-BKG-GG-7 N/A N/A Background Sediment

SD-BKG-GG-8 N/A N/A Background Sediment

SD-BKG-GG-9 N/A N/A Background Sediment

HS-41SW N/A N/A Background Surface Water

HS-41SW-F N/A N/A Background Surface Water

SW-BKG-AF-1 N/A N/A Background Surface Water

SW-BKG-AF-10 N/A N/A Background Surface Water

SW-BKG-AF-10-F N/A N/A Background Surface Water

SW-BKG-AF-1-D N/A N/A Background Surface Water

SW-BKG-AF-1-F N/A N/A Background Surface Water

SW-BKG-AF-1-F-D N/A N/A Background Surface Water

SW-BKG-AF-2 N/A N/A Background Surface Water

SW-BKG-AF-2-F N/A N/A Background Surface Water

SW-BKG-AF-3 N/A N/A Background Surface Water

SW-BKG-AF-3-F N/A N/A Background Surface Water

SW-BKG-AF-4 N/A N/A Background Surface Water

SW-BKG-AF-4-F N/A N/A Background Surface Water

SW-BKG-AF-8 N/A N/A Background Surface Water

SW-BKG-AF-8-F N/A N/A Background Surface Water

SW-BKG-AF-9 N/A N/A Background Surface Water

SW-BKG-AF-9-F N/A N/A Background Surface Water

HS-38SS N/A N/A East Sediment

SD-CG-18 N/A N/A East Sediment

SD-CG-19 N/A N/A East Sediment

SD-CG-20 N/A N/A East Sediment

SD-CG-21 N/A N/A East Sediment

SD-CG-21-D N/A N/A East Sediment

SD-DE-1 N/A N/A East Sediment

SD-DE-2 N/A N/A East Sediment

SW-CG-22 N/A N/A East Surface Water

SW-CG-22-F N/A N/A East Surface Water

SW-CG-23 N/A N/A East Surface Water

SW-CG-23-F N/A N/A East Surface Water

SW-CG-25 N/A N/A East Surface Water

SW-CG-25-F N/A N/A East Surface Water

SW-CG-24 N/A N/A West Surface Water

SW-CG-24-F N/A N/A West Surface Water

IK-D4 West Surface Soil N/A N/A

IKJ-516-0-0_5 West Surface Soil N/A N/A

SD-GG-10 West Surface Soil N/A N/A

SD-GG-14 West Surface Soil N/A N/A

SD-GG-2 West Surface Soil N/A N/A

SD-GG-4 West Surface Soil N/A N/A

SD-GG-5 West Surface Soil N/A N/A

SD-GG-8 West Surface Soil N/A N/A

SD-OW-13 West Surface Soil N/A N/A

SD-OW-14 West Surface Soil N/A N/A

SD-OW-15 West Surface Soil N/A N/A

IKJ-522-0-2 West Surface Soil N/A N/A

IKJ-523-0-2 West Surface Soil N/A N/A

IKJ-524-0-2 West Surface Soil N/A N/A

IK-S26 West Surface Soil N/A N/A

IK-S6 West Surface Soil N/A N/A

IK-S7 West Surface Soil N/A N/A

IK-S8 West Surface Soil N/A N/A

IKV-135-0-2 West Surface Soil N/A N/A

IKV-136-0-2 West Surface Soil N/A N/A

IKV-137-0-2 West Surface Soil N/A N/A

IKV-138-0-2 West Surface Soil N/A N/A

IKV-139-0-2 West Surface Soil N/A N/A

IKJ-511-0-0_3 West Surface Soil N/A N/A

IKJ-511-0-2 West Surface Soil N/A N/A

IK-S23 West Surface Soil N/A N/A

IKV-130-0-2 West Surface Soil N/A N/A

IKV-130-1_5-1_8 West Surface Soil N/A N/A

IKV-131-0_9-1_3 West Surface Soil N/A N/A

IKV-131-0-2 West Surface Soil N/A N/A

IKV-132-0-2 West Surface Soil N/A N/A

IKV-133-0_5-0_7 West Surface Soil N/A N/A

IKV-133-0_7-0_9 West Surface Soil N/A N/A

IKV-133-0-0_5 West Surface Soil N/A N/A
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
IKV-134-0-2 West Surface Soil N/A N/A

IKJ-525-0-2 West Surface Soil N/A N/A

IKJ-525-0-2-D West Surface Soil N/A N/A

IKJ-526-0-2 West Surface Soil N/A N/A

IKJ-527-0-2 West Surface Soil N/A N/A

IKJ-529-0-2 West Surface Soil N/A N/A

IKJ-530-0-2 West Surface Soil N/A N/A

IKJ-555-0-6 West Surface Soil N/A N/A

IK-S1 West Surface Soil N/A N/A

IK-S2 West Surface Soil N/A N/A

IK-S3 West Surface Soil N/A N/A

IK-S4 West Surface Soil N/A N/A

IKV-101-0-2 West Surface Soil N/A N/A

IKV-102-0-2 West Surface Soil N/A N/A

IKV-103-0-2 West Surface Soil N/A N/A

IKV-104-0-2 West Surface Soil N/A N/A

IKV-105-0-2 West Surface Soil N/A N/A

IKV-106-0-2 West Surface Soil N/A N/A

IKV-107-0-2 West Surface Soil N/A N/A

IKV-108-0-2 West Surface Soil N/A N/A

IKV-109-0-2 West Surface Soil N/A N/A

IKV-109-0-2-D West Surface Soil N/A N/A

IKV-112-0-2 West Surface Soil N/A N/A

NAI-060S-OS-12 West Surface Soil N/A N/A

NAI-060S-OS-13 West Surface Soil N/A N/A

NAI-060S-OS-14 West Surface Soil N/A N/A

NAI-060S-OS-14-D West Surface Soil N/A N/A

NAI-060S-OS-15 West Surface Soil N/A N/A

NAI-060S-OS-17 West Surface Soil N/A N/A

NAI-060S-OS-17-D West Surface Soil N/A N/A

NAI-060S-OS-19 West Surface Soil N/A N/A

NAI-060S-OS-19-D West Surface Soil N/A N/A

NAI-S02 West Surface Soil N/A N/A

NAI-S19 West Surface Soil N/A N/A

NAI-S19-D West Surface Soil N/A N/A

NAI-S20 West Surface Soil N/A N/A

NAI-S25 West Surface Soil N/A N/A

NAI-S26 West Surface Soil N/A N/A

IKJ-528-0-2 West Surface Soil N/A N/A

IKJ-531-0-2 West Surface Soil N/A N/A

IKJ-532-0-2 West Surface Soil N/A N/A

IKJ-533-0-2 West Surface Soil N/A N/A

IKJ-534-0-2 West Surface Soil N/A N/A

IKJ-535-0-2 West Surface Soil N/A N/A

IKJ-536-0-2 West Surface Soil N/A N/A

IK-S22 West Surface Soil N/A N/A

IK-S27 West Surface Soil N/A N/A

IK-S28 West Surface Soil N/A N/A

IKV-110-0-2 West Surface Soil N/A N/A

IKV-111-0-2 West Surface Soil N/A N/A

IKV-111-0-2-D West Surface Soil N/A N/A

NAI-S18 West Surface Soil N/A N/A

NAI-S18-D West Surface Soil N/A N/A

NAI-S21 West Surface Soil N/A N/A

IKJ-501-0-2 West Surface Soil N/A N/A

IKJ-502-0-2 West Surface Soil N/A N/A

IKJ-503-0-2 West Surface Soil N/A N/A

IKJ-503-1_8-2_3 West Surface Soil N/A N/A

IKJ-504-0-2 West Surface Soil N/A N/A

IKJ-504-0-2-D West Surface Soil N/A N/A

IKJ-505-0-2 West Surface Soil N/A N/A

IKJ-506-0-2 West Surface Soil N/A N/A

IKJ-506-0-2-D West Surface Soil N/A N/A

IKJ-507-0-2 West Surface Soil N/A N/A

IKJ-509-0-2 West Surface Soil N/A N/A

IKJ-512-0-2 West Surface Soil N/A N/A

IKJ-515-0-2 West Surface Soil N/A N/A

IKJ-515-0-2-D West Surface Soil N/A N/A

IKJ-540-0-2 West Surface Soil N/A N/A

IKJ-541-0-2 West Surface Soil N/A N/A

IKJ-549-0-2 West Surface Soil N/A N/A

IKJ-550-0-2 West Surface Soil N/A N/A

IKJ-552-0-6 West Surface Soil N/A N/A

IKJ-553-0-6 West Surface Soil N/A N/A

IKJ-554-0-6 West Surface Soil N/A N/A

IK-S10 West Surface Soil N/A N/A
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Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
IK-S11 West Surface Soil N/A N/A

IK-S14 West Surface Soil N/A N/A

IK-S18 West Surface Soil N/A N/A

IK-S19 West Surface Soil N/A N/A

IK-S25 West Surface Soil N/A N/A

IK-S9 West Surface Soil N/A N/A

IKV-118-0-2 West Surface Soil N/A N/A

IKV-119-0-2 West Surface Soil N/A N/A

IKV-120-0-2 West Surface Soil N/A N/A

IKV-121-0-2 West Surface Soil N/A N/A

IKV-121-1_7-2_1 West Surface Soil N/A N/A

IKV-123-0-2 West Surface Soil N/A N/A

IKJ-513-0-2 West Surface Soil N/A N/A

IKJ-514-0-2 West Surface Soil N/A N/A

IKJ-542-0-2 West Surface Soil N/A N/A

IKV-122-0-2 West Surface Soil N/A N/A

IKV-124-0-2 West Surface Soil N/A N/A

IKV-125-0-2 West Surface Soil N/A N/A

IKV-126-0-2 West Surface Soil N/A N/A

IKV-127-0-2 West Surface Soil N/A N/A

NAI-037C-OS-29 West Surface Soil N/A N/A

NAI-039E-OS-77 West Surface Soil N/A N/A

NAI-039E-OS-78 West Surface Soil N/A N/A

IKJ-543-0-2 West Surface Soil N/A N/A

IKJ-544-0-2 West Surface Soil N/A N/A

IKJ-544-0-2-D West Surface Soil N/A N/A

IKJ-545-0-2 West Surface Soil N/A N/A

IKJ-546-0-2 West Surface Soil N/A N/A

IKJ-547-0-2 West Surface Soil N/A N/A

IKJ-547-0-2-D West Surface Soil N/A N/A

NAI-051C-OS-5 West Surface Soil N/A N/A

NAI-051C-OS-6 West Surface Soil N/A N/A

NAI-051C-OS-6-D West Surface Soil N/A N/A

NAI-051F-OS-7 West Surface Soil N/A N/A

NAI-051K-05-11 West Surface Soil N/A N/A

NAI-051K-OS-1 West Surface Soil N/A N/A

NAI-051K-OS-11 West Surface Soil N/A N/A

NAI-051K-OS-25 West Surface Soil N/A N/A

NAI-051K-OS-25-D West Surface Soil N/A N/A

NAI-051K-OS-26 West Surface Soil N/A N/A

NAI-052G-OS-4 West Surface Soil N/A N/A

NAI-052K-05-21 West Surface Soil N/A N/A

NAI-052K-OS-21 West Surface Soil N/A N/A

NAI-052K-OS-8 West Surface Soil N/A N/A

NAI-052K-OS-8-D West Surface Soil N/A N/A

NAI-052K-OS-9 West Surface Soil N/A N/A

NAI-052L-OS-10 West Surface Soil N/A N/A

NAI-052L-OS-22 West Surface Soil N/A N/A

NAI-052L-OS-23 West Surface Soil N/A N/A

NAI-052L-OS-24 West Surface Soil N/A N/A

NAI-060S-OS-18 West Surface Soil N/A N/A

NAI-060S-OS-20 West Surface Soil N/A N/A

HAB-1-0 West Surface Soil N/A N/A

IKJ-537-0-2 West Surface Soil N/A N/A

IKJ-538-0-2 West Surface Soil N/A N/A

IKJ-539-0-2 West Surface Soil N/A N/A

IKV-113-0-2 West Surface Soil N/A N/A

IKV-114-0-2 West Surface Soil N/A N/A

IKV-115-0-2 West Surface Soil N/A N/A

IKV-116-0-2 West Surface Soil N/A N/A

IKV-117-0-2 West Surface Soil N/A N/A

IKV-117-0-2-D West Surface Soil N/A N/A

NAI-S03 West Surface Soil N/A N/A

IK-D12 West Surface Soil N/A N/A

IK-D7 West Surface Soil N/A N/A

IK-D8 West Surface Soil N/A N/A

IKJ-556-0-6 West Surface Soil N/A N/A

IKJ-557-0-6 West Surface Soil N/A N/A

IKV-128-0-2 West Surface Soil N/A N/A

IKV-129-0-2 West Surface Soil N/A N/A

NAI-002W-05-50 West Surface Soil N/A N/A

NAI-002W-OS-48 West Surface Soil N/A N/A

NAI-002W-OS-48-D West Surface Soil N/A N/A

NAI-002W-OS-50 West Surface Soil N/A N/A

NAI-002W-OS-52 West Surface Soil N/A N/A

NAI-002W-OS-90 West Surface Soil N/A N/A
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Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
NAI-035-OS-30 West Surface Soil N/A N/A

NAI-035-OS-75 West Surface Soil N/A N/A

NAI-039E-OS-76 West Surface Soil N/A N/A

NAI-S04 West Surface Soil N/A N/A

NAI-S05 West Surface Soil N/A N/A

NAI-S06 West Surface Soil N/A N/A

NAI-S07 West Surface Soil N/A N/A

NAI-S07-D West Surface Soil N/A N/A

NAI-S08 West Surface Soil N/A N/A

NAI-S09 West Surface Soil N/A N/A

NAI-S1 West Surface Soil N/A N/A

NAI-S10 West Surface Soil N/A N/A

NAI-S11 West Surface Soil N/A N/A

NAI-S11-D West Surface Soil N/A N/A

NAI-S12 West Surface Soil N/A N/A

NAI-S12-D West Surface Soil N/A N/A

NAI-S13 West Surface Soil N/A N/A

NAI-S14 West Surface Soil N/A N/A

NAI-S15 West Surface Soil N/A N/A

NAI-S16 West Surface Soil N/A N/A

NAI-S17 West Surface Soil N/A N/A

NAI-S22 West Surface Soil N/A N/A

NAI-S23 West Surface Soil N/A N/A

NAI-S24 West Surface Soil N/A N/A

SD-CG-2 West Surface Soil N/A N/A

SD-CG-2-D West Surface Soil N/A N/A

SD-CG-4 West Surface Soil N/A N/A

SD-CG-5 West Surface Soil N/A N/A

SD-CG-6 West Surface Soil N/A N/A

SD-CG-7 West Surface Soil N/A N/A

SD-CG-9 West Surface Soil N/A N/A

SD-OW-1 West Surface Soil N/A N/A

SD-OW-10 West Surface Soil N/A N/A

SD-OW-11 West Surface Soil N/A N/A

SD-OW-12 West Surface Soil N/A N/A

SD-OW-12-D West Surface Soil N/A N/A

SD-OW-2 West Surface Soil N/A N/A

SD-OW-3 West Surface Soil N/A N/A

SD-OW-4 West Surface Soil N/A N/A

SD-OW-5 West Surface Soil N/A N/A

SD-OW-5-D West Surface Soil N/A N/A

SD-OW-6 West Surface Soil N/A N/A

SD-OW-7 West Surface Soil N/A N/A

SD-OW-8 West Surface Soil N/A N/A

SD-OW-9 West Surface Soil N/A N/A

IKJ-557-0-0_5 West Surface Soil N/A N/A

IKJ-557-0-6 West Surface Soil N/A N/A

IKJ-558-0-0_5 West Surface Soil N/A N/A

IKJ-559-0-0_5 West Surface Soil N/A N/A

IKJ-560-0-0_5 West Surface Soil N/A N/A

IKJ-561-0-0_5 West Surface Soil N/A N/A

IKJ-562-0-0_5 West Surface Soil N/A N/A

IKJ-563-0-0_5 West Surface Soil N/A N/A

IKJ-564-0-0_5 West Surface Soil N/A N/A

IKJ-565-0-0_5 West Surface Soil N/A N/A

IKJ-566-0-0_5 West Surface Soil N/A N/A

IKJ-567-0-0_5 West Surface Soil N/A N/A

IKJ-568-0-0_5 West Surface Soil N/A N/A

IKJ-569-0-0_5 West Surface Soil N/A N/A

IKJ-570-0-0_5 West Surface Soil N/A N/A

IKJ-571-0-0_5 West Surface Soil N/A N/A

IKJ-572-0-0_5 West Surface Soil N/A N/A

IKJ-573-0-0_5 West Surface Soil N/A N/A

IKJ-574-0-0_5 West Surface Soil N/A N/A

IKJ-575-0-0_5 West Surface Soil N/A N/A

IKJ-576-0-0_5 West Surface Soil N/A N/A

IKJ-577-0-0_5 West Surface Soil N/A N/A

IKJ-578-0-0_5 West Surface Soil N/A N/A

IKJ-579-0-0_5 West Surface Soil N/A N/A

IKJ-579-S-10 West Surface Soil N/A N/A

IKJ-579-S-200 West Surface Soil N/A N/A

IKJ-579-S-3_8 West Surface Soil N/A N/A

IKJ-579-S-40 West Surface Soil N/A N/A

IKJ-579-S-80 West Surface Soil N/A N/A

IKJ-580-0-0_5 West Surface Soil N/A N/A

IKJ-581-0-0_5 West Surface Soil N/A N/A
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Table 7-1
Groupings and Samples Used in the  Ecological Risk Assessment  of the Iron King Mine - Humboldt Smelter Superfund Site

Sample ID Terrestrial Group Terrestrial Media Aquatic Group Aquatic Media
IKJ-582-0-0_5 West Surface Soil N/A N/A

IKJ-583-0-0_5 West Surface Soil N/A N/A

IKJ-583-S-10 West Surface Soil N/A N/A

IKJ-583-S-200 West Surface Soil N/A N/A

IKJ-583-S-3_8 West Surface Soil N/A N/A

IKJ-583-S-40 West Surface Soil N/A N/A

IKJ-583-S-80 West Surface Soil N/A N/A

SD-CG-24-0-0_5 West Surface Soil N/A N/A

SD-OW-22 West Surface Soil N/A N/A

SD-OW-23 West Surface Soil N/A N/A

SD-OW-24 West Surface Soil N/A N/A

SD-OW-25 West Surface Soil N/A N/A

SD-OW-26 West Surface Soil N/A N/A

SD-OW-27 West Surface Soil N/A N/A

SD-OW-28 West Surface Soil N/A N/A

SD-OW-29 West Surface Soil N/A N/A

SD-OW-30 West Surface Soil N/A N/A

SD-OW-31 West Surface Soil N/A N/A

SD-OW-32 West Surface Soil N/A N/A

SD-OW-33 West Surface Soil N/A N/A

IK-S20 West Surface Soil West Sediment

SD-IP-1 West Surface Soil West Sediment

SD-IP-1-D West Surface Soil West Sediment

SD-IP-2 West Surface Soil West Sediment

SD-IP-3 West Surface Soil West Sediment

SD-IP-4 West Surface Soil West Sediment

SD-IP-5 West Surface Soil West Sediment

SD-IP-6 West Surface Soil West Sediment

SD-IP-7 West Surface Soil West Sediment

SD-IP-7-D West Surface Soil West Sediment

SD-IP-8 West Surface Soil West Sediment

SD-IP-9 West Surface Soil West Sediment

IK-S21 West Surface Soil West Sediment

SD-IP-10 West Surface Soil West Sediment

SD-IP-11 West Surface Soil West Sediment

SD-IP-11-D West Surface Soil West Sediment

SD-IP-12 West Surface Soil West Sediment

SD-IP-13 West Surface Soil West Sediment

SD-IP-14 West Surface Soil West Sediment

SD-IP-15 West Surface Soil West Sediment

SD-IP-16 West Surface Soil West Sediment

SD-IP-17 West Surface Soil West Sediment

SD-IP-18 West Surface Soil West Sediment

SW-GG-14 West Surface Water N/A N/A

SW-GG-4 West Surface Water N/A N/A

SW-OW-14 West Surface Water N/A N/A

SW-IP-1 West Surface Water West Surface Water

SW-IP-1-D West Surface Water West Surface Water

SW-IP-1-F West Surface Water West Surface Water

SW-IP-2 West Surface Water West Surface Water

SW-IP-2-F West Surface Water West Surface Water

SW-IP-3 West Surface Water West Surface Water

SW-IP-3-F West Surface Water West Surface Water

SW-IP-4 West Surface Water West Surface Water

SW-IP-4-F West Surface Water West Surface Water

SW-IP-6 West Surface Water West Surface Water

SW-IP-7 West Surface Water West Surface Water

SW-IP-7-D West Surface Water West Surface Water

SW-IP-7-F West Surface Water West Surface Water

SW-IP-9 West Surface Water West Surface Water

SW-IP-9-F West Surface Water West Surface Water

SW-IP-10 West Surface Water West Surface Water

SW-IP-10-F West Surface Water West Surface Water

SW-IP-11 West Surface Water West Surface Water

SW-IP-11-D West Surface Water West Surface Water

SW-IP-11-F West Surface Water West Surface Water

SW-IP-11-F-D West Surface Water West Surface Water

SW-IP-12 West Surface Water West Surface Water

SW-IP-12-F West Surface Water West Surface Water

Notes:
N/A = Not Applicable



Table 7-2
Assessment Endpoints and Representative Receptor Species for Ecological Risk Assessment of theIron King Mine - Humboldt Smelter Superfund Site

Assessment Endpoint Representative
Receptor Species

Receptor Groups
Represented by this

Species

West
Grouping

East
Grouping

Agua Fria
River

Grouping

In-Town West
Grouping

In-Town East
Grouping

Background
Grouping

Survival, growth, and

reproduction of terrestrial

plants, which may be

impacted by direct exposure

to chemicals in soil.

Shrub live oak

(Quercus turbinella )

• Herbaceous plants

• Shrubby plants
X X X X X

Survival, growth, and

reproduction of soil

invertebrates, which may be

impacted by direct exposure

to chemicals in soil.

Ants

(family Formicidae)
• Insects X X X X X

Survival, growth, and

reproduction of aquatic

organisms, which may be

impacted by direct exposure

to chemicals in sediment and

surface water.

Fathead minnow

(Pimephales promelas )

• Fish

• Crustaceans
X X X X

Survival, growth, and

reproduction of herbivorous

mammals, which may be

impacted by ingestion of

chemicals in soil, surface

water and plant material.

Pocket gopher

(Peromyscus leucopus )

• Rodents (i.e. rats and

mice)

• Browsing/grazing

animals (i.e. deer)

X X X X X

Survival, growth, and

reproduction of herbivorous

birds, which may be impacted

by ingestion of chemicals in

soil, surface water and plant

material.

Song sparrow

(Melospiza melodia )

• Song birds

• Passerine birds
X X X X X

Survival, growth, and

reproduction of insectivorous

mammals, which may be

impacted by ingestion of

chemicals in soil, surface

water and invertebrates.

Desert shrew

(Nitiosroex crawfordii )

• Small carnivorous

mammals (i.e. weasels)

• Small omnivorous

mammals (i.e. shrews)

X X X X X
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Table 7-2
Assessment Endpoints and Representative Receptor Species for Ecological Risk Assessment of theIron King Mine - Humboldt Smelter Superfund Site

Assessment Endpoint Representative
Receptor Species

Receptor Groups
Represented by this

Species

West
Grouping

East
Grouping

Agua Fria
River

Grouping

In-Town West
Grouping

In-Town East
Grouping

Background
Grouping

Survival, growth, and

reproduction of insectivorous

birds, which may be impacted

by ingestion of chemicals in

soil, surface water and

invertebrates.

Greater roadrunner

(Geococcyx

californianus )

• Song birds

• Small omnivorous birds
X X X X X

Survival, growth, and

reproduction of insectivorous

reptiles, which may be

impacted by ingestion of

chemicals in soil, surface

water and invertebrates.

Western black-necked

gartersnake

(Thamnophis cyrtopsis

cyrtopsis )

• Insectivorous reptiles

(snakes, lizards, turtles)
X X X X X X

Survival, growth, and

reproduction of insectivorous

amphibians, which may be

impacted by ingestion of

chemicals in soil, surface

water and invertebrates.

Great Plains toad

(Anaxyrus cognatus )

• Insectivorous

amphibians (frogs, toads,

salamanders)

X X X X

Survival, growth, and

reproduction of predatory

mammals, which may be

impacted by ingestion of

chemicals in soil, surface

water and small mammal

prey.

Coyote

(Canis latrans )

• Large carnivorous

mammals (i.e. fox, wolf)

• Large omnivorous

mammals (i.e. raccoon)

X X X X X

Survival, growth, and

reproduction of predatory

birds, which may be impacted

by ingestion of chemicals in

soil, surface water and small

mammal prey.

Red-tailed hawk

(Buteo jamaicensis )

• Large carnivorous birds

(i.e. hawks, falcons,

eagles)

X X X X X
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Table 7-2
Assessment Endpoints and Representative Receptor Species for Ecological Risk Assessment of theIron King Mine - Humboldt Smelter Superfund Site

Assessment Endpoint Representative
Receptor Species

Receptor Groups
Represented by this

Species

West
Grouping

East
Grouping

Agua Fria
River

Grouping

In-Town West
Grouping

In-Town East
Grouping

Background
Grouping

Survival, growth, and

reproduction of predatory

reptiles and amphibians,

which may be impacted by

ingestion of chemicals in soil,

surface water and small

mammal prey.

Gopher snake

(Pituophis melanoleucus

)

• Predatory amphibians

(frogs, toads,

salamanders)

• Predatory reptiles

(snakes, lizards, turtles)

X X X X X X

Survival, growth, and

reproduction of piscivorous

birds, which may be impacted

by ingestion of chemicals in

sediment, surface water and

aquatic prey.

Great blue heron

(Ardea herodias )

• Large carnivorous birds

(i.e. hawks, falcons,

eagles)

X X X X
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Table 7-3
Measurement Endpoints for Ecological Risk Assessment of the Iron King Mine - Humboldt Smelter Superfund Site

Assessment Endpoint Measurement Endpoint On Site-Measurements/Exposure Point Concentrations (EPC) Evaluation Method Risk Indicators

Comparison of total soil concentrations to benchmarks • Soil concentrations measured at site in past and more recent sampling

- SLERA: Maximum Concentrations

- Refined SLERA & BERA: Mean Concentrations

• Direct comparison to plant benchmarks from

1) USEPA EcoSSLs; ORNL benchmarks (Efroymson et al., 1997a)

• Direct comparison to background concentrations

• Exceedence of benchmarks indicates potential for risks

• Exceedence of benchmarks and background indicates a more certain

potential for risks

Comparison of species composition of vegetative communities on site to

species composition from reference communities based on past surveys.

• Species lists and observations from past vegetation/habitat surveys • Direct comparison to species lists and observations from reference site • Substantive difference in species/community composition indicates

potential impacts/risks

Examination of vegetative communities on site for signs of stress such as

chlorosis or bare areas.

• Species lists and observations from previous vegetation/habitat surveys

• Observations of vegetative community distribution from aerial

photographs

• Presence of signs of stress, such as bare areas • Presence of signs of stress indicates potential impacts/risks

Protection of soil invertebrates

exposed to COPCs in soil from

adverse survival, growth and

reproductive effects

Comparison of soil concentrations to benchmarks • Soil concentrations measured at site in past and more recent sampling

- SLERA: Maximum Concentrations

- Refined SLERA & BERA: Mean Concentrations

• Direct comparison to invertebrate benchmarks from USEPA EcoSSLs;

ORNL benchmarks (Efroymson et al., 1997b)

• Exceedence of benchmarks indicates potential for risks

• Exceedence of benchmarks and background indicates a more certain

potential for risks

Protection of aquatic organisms

exposed to COPCs in sediment

and surface water from adverse

survival, growth and

reproductive effects

Comparison of sediment and surface water concentrations to benchmarks • Sediment and surface water concentrations measured at site in past and

more recent sampling

- SLERA: Maximum Concentrations

- Refined SLERA & BERA: Mean Concentrations

• Direct comparison to aquatic organism benchmarks from literature-based

studies

• Exceedence of benchmarks indicates potential for risks

• Exceedence of benchmarks and background indicates a more certain

potential for risks

Comparison of modeled food web doses to benchmarks • Soil and surface water concentrations measured at site in past and more

recent sampling

- SLERA: Maximum Concentrations

- Refined SLERABRAPF: Mean Concentrations

• Plant food item tissue concentrations modeled using literature-based

equations

- SLERA: Maximum Concentrations

- Refined SLERA & BRAPF: Mean Concentrations

• Ingested dose based on literature-based exposure factors and uptake

equations

- SLERA: Maximum Dose

- Refined SLERA & BRAPF: Mean Dose

• Compare modeled wildlife doses to no-effects benchmarks

• Compare modeled wildlife doses to low-effects benchmarks

• Mammal and bird dose-based benchmarks from

1) USEPA EcoSSL

2) ORNL benchmarks (Sample et al., 1998)

3) Additional literatue-based sources as relevant

• Exceedence of benchmarks indicates a potential for risks

• Exceedence of low-effects benchmarks indicates a more certain potential

for risks

Comparison of modeled food web doses on site to modeled food web doses

for background concentrations

• Soil and surface water concentrations measured at site and in background

areas

- Refined SLERA & BERA: Maximum and Mean Concentrations

• Plant food item tissue concentrations modeled using literature-based

equations

- Refined SLERA & BERA: Maximum and Mean Concentrations

• Ingested dose based on literature-based exposure factors and uptake

equations

- Refined SLERA & BERA: Maximum and Mean Dose

• Compare modeled on-site wildlife doses to modeled background wildlife

doses

• Exceedence of both benchmarks and background indicates a more certain

potential for risks

Comparison of modeled food web doses to benchmarks • Sediment and surface water concentrations measured at site in past and

more recent sampling

- SLERA: Maximum Concentrations

- Refined SLERA & BRAPF: Mean Concentrations

• Aquatic food item tissue concentrations modeled using literature-based

equations

- SLERA: Maximum Concentrations

- Refined SLERA & BRAPF: Mean Concentrations

• Ingested dose based on literature-based exposure factors and uptake

equations

- SLERA: Maximum Dose

- Refined SLERA & BRAPF: Mean Dose

• Compare modeled wildlife doses to no-effects benchmarks

• Compare modeled wildlife doses to low-effects benchmarks

• Bird dose-based benchmarks from

1) USEPA EcoSSL

2) ORNL benchmarks (Sample et al., 1998)

3) Additional literatue-based sources as relevant

• Exceedence of benchmarks indicates a potential for risks

• Exceedence of low-effects benchmarks indicates a more certain potential

for risks

Comparison of modeled food web doses on site to modeled food web doses

for background concentrations

• Sediment and surface water concentrations measured at site and in

background areas

- Refined SLERA & BRAPF: Maximum and Mean Concentrations

• Plant food item tissue concentrations modeled using literature-based

equations

- Refined SLERA & BRAPF: Maximum and Mean Concentrations

• Ingested dose based on literature-based exposure factors and uptake

equations

- Refined SLERA & BRAPF: Maximum and Mean Dose

• Compare modeled on-site wildlife doses to modeled background wildlife

doses

• Exceedence of both benchmarks and background indicates a more certain

potential for risks

Receptor-Specific Evaluation (SLERA & BRAPF)

Protection of aquatic-feeding

birds, to ensure that ingestion of

COPCs in sediment, surface

water, and food do not have

adverse impacts on survival,

growth, and reproduction

Protection of terrestrial plant

viability from impacts of

COPCs in soil

Protection of terrestrial mammals

and birds to ensure that ingestion

of COPCs in soil, surface water,

and plants/prey do not have

unacceptable impacts on

survival, growth, and

reproduction
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Table 7-3
Measurement Endpoints for Ecological Risk Assessment of the Iron King Mine - Humboldt Smelter Superfund Site

Assessment Endpoint Measurement Endpoint On Site-Measurements/Exposure Point Concentrations (EPC) Evaluation Method Risk Indicators
Receptor-Specific Evaluation (SLERA & BRAPF)

Protection of terrestrial plantProtection of reptiles and

amphibians to ensure that

ingestion of COPCs in soil,

sediment, surface water, and

prey do not have unacceptable

impacts on survival, growth, and

reproduction

Comparison of modeled food web doses to benchmarks • EPCs evaluated for other receptors • Evaluate whether other wildlife receptors are at risk and consider results

as surrogate for reptiles.

• Risks from COPCs to other receptors indicate that there may be a risk to

reptiles and amphibians from the same COPCs
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Exposure Parameter ValueA
Units Notes

Body Weight 0.23 kg USACHPPM, 2004
Food Ingestion Rate 0.09 kg dry wt./kg-day USACHPPM, 2004, converted assuming 75% plant moisture (ARAMS 2004)
Food Ingestion Rate 0.34 kg wet wt./kg-day USACHPPM, 2004
Incidental Soil Ingestion Rate <2 to 7.7 % of total mass of diet Beyer et al, 1994 - based on woodchucks and prarie dogs
Water Ingestion Rate 0.12 L/kg-day USACHPPM, 2004

Body Weight 0.025 kg Smith et al. 1986 per CAL/ECOTOX database; mean of adult median values
Food Ingestion Rate 0.21 kg dry wt./kg-day Nagy 1987, converted assuming 75% plant moisture (ARAMS 2004)
Food Ingestion Rate 0.844 kg wet wt./kg-day Nagy 1987, converted assuming 75% plant moisture (ARAMS 2004)
Incidental Soil Ingestion Rate 0.0021 % of total mass of diet Beyer et al, 1994 - value for woodcock, based on food ingestion rate, amount of soil in diet
Water Ingestion Rate 0.199 L/kg-day Calder and Braun, 1983

Body Weight 0.004 kg USACHPPM, 2004
Food Ingestion Rate 0.20 kg dry wt./kg-day USACHPPM, 2004, converted assuming 65% insect moisture (ARAMS 2004)
Food Ingestion Rate 0.58 kg wet wt./kg-day USACHPPM, 2004
Incidental Soil Ingestion Rate 13 % of total mass of diet Talmage and Walton, 1993
Water Ingestion Rate 0.17 L/kg-day USACHPPM, 2004

Body Weight 0.293 kg USACHPPM, 2004
Food Ingestion Rate 0.08 kg dry wt./kg-day USACHPPM, 2004
Food Ingestion Rate 0.23 kg wet wt./kg-day USACHPPM, 2004
Incidental Sediment Ingestion Rate 9.3 % of total mass of diet Beyer et al, 1994 - based on wild turkeys
Water Ingestion Rate 0.88 L/kg-day USACHPPM, 2004

Body Weight 16.3 kg USACHPPM, 2004
Food Ingestion Rate 0.0045 kg dry wt./kg-day Nagy 1987, converted assuming 75% prey moisture (ARAMS 2004)
Food Ingestion Rate 0.018 kg wet wt./kg-day USACHPPM, 2004
Incidental Soil Ingestion Rate 2.8 % of total mass of diet Beyer et al, 1994 - based on red fox
Water Ingestion Rate 0.075 L/kg-day USACHPPM, 2004

Body Weight 1.2 kg USACHPPM, 2004
Food Ingestion Rate 0.0275 kg dry wt./kg-day USACHPPM, 2004, converted assuming 75% prey moisture (ARAMS 2004)
Food Ingestion Rate 0.11 kg wet wt./kg-day USACHPPM, 2004
Incidental Soil Ingestion Rate 0 % of total mass of diet Sample and Suter, 1994
Water Ingestion Rate 0.057 L/kg-day USACHPPM, 2004

Body Weight 2.229 kg USACHPPM, 2004
Food Ingestion Rate 0.0450 kg dry wt./kg-day USACHPPM, 2004, converted assuming 75% prey moisture (ARAMS 2004)
Food Ingestion Rate 0.18 kg wet wt./kg-day USACHPPM, 2004
Incidental Sediment Ingestion Rate 2 % of total mass of diet Sample and Suter, 1994
Water Ingestion Rate 0.045 L/kg-day USACHPPM, 2004

RED-TAILED HAWK

GREAT BLUE HERON

Table 7-4

POCKET GOPHER

SONG SPARROW

DESERT SHREW

GREATER ROADRUNNER

COYOTE

Wildlife Exposure Factors for Ecological Risk Assessment Risk Assessment of the Iron King Mine - Humboldt Smelter Superfund Site

Page 1 of 1



Uptake ModelA, B,

C

BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Log Kow

G Source

1,2,3,4,6,7,8-HpCDD Uptake Factor 2.97E-04 8.85E+00 Regression from Travis and Arms, 1988
1,2,3,4,6,7,8-HpCDF Uptake Factor 6.78E-04 8.23E+00 Regression from Travis and Arms, 1988
1,2,3,4,7,8,9-HpCDF Uptake Factor 6.78E-04 8.23E+00 Regression from Travis and Arms, 1988
1,2,3,4,7,8-HxCDD Uptake Factor 6.96E-04 8.21E+00 Regression from Travis and Arms, 1988
1,2,3,4,7,8-HxCDF Uptake Factor 1.02E-03 7.92E+00 Regression from Travis and Arms, 1988
1,2,3,6,7,8-HxCDD Uptake Factor 6.96E-04 8.21E+00 Regression from Travis and Arms, 1988
1,2,3,6,7,8-HxCDF Uptake Factor 4.61E-03 --- Regression from Travis and Arms, 1988
1,2,3,7,8,9-HxCDD Uptake Factor 6.96E-04 8.21E+00 Regression from Travis and Arms, 1988
1,2,3,7,8,9-HxCDF Uptake Factor 1.20E-03 7.80E+00 Regression from Travis and Arms, 1988
1,2,3,7,8-PeCDD Uptake Factor 4.61E-03 --- Regression from Travis and Arms, 1988
1,2,3,7,8-PeCDF Uptake Factor 3.77E-03 6.94E+00 Regression from Travis and Arms, 1988
2,3,4,6,7,8-HxCDF Uptake Factor 1.02E-03 7.92E+00 Regression from Travis and Arms, 1988
2,3,4,7,8-PeCDF Uptake Factor 3.87E-03 --- Regression from Travis and Arms, 1988
2,3,7,8-TCDD Uptake Factor 1.08E-02 --- Regression from Travis and Arms, 1988
2,3,7,8-TCDF Uptake Factor 8.96E-03 6.29E+00 Regression from Travis and Arms, 1988
OCDD Uptake Factor 1.25E-04 9.50E+00 Regression from Travis and Arms, 1988
OCDF Uptake Factor 2.89E-04 8.87E+00 Regression from Travis and Arms, 1988

Chloride Uptake Factor 1.00E+00 --- Default
Cyanide (Total) Uptake Factor 8.00E-02 --- ORNL, 1998
Nitrate As N Uptake Factor 1.00E+00 --- Default
Nitrite As N Uptake Factor 1.00E+00 --- Default
Sulfate Uptake Factor 1.00E+00 --- Default

Aluminum Uptake Factor 4.00E-03 --- Baes et al., 1984
Antimony Uptake Factor 2.00E-01 --- Baes et al., 1984

Arsenic Log Linear
ln(dry plant conc, mg/kg) =

(-1.992+0.564*ln(soil

conc))

--- ORNL, 1998

Barium Uptake Factor 1.50E-01 --- Baes et al., 1984
Beryllium Uptake Factor 1.00E-02 --- Baes et al., 1984
Bromide Uptake Factor 1.00E+00 Default

Cadmium Log Linear
ln(dry plant conc, mg/kg) =

(-0.476+0.546*ln(soil

conc))

--- ORNL, 1998

Calcium Uptake Factor 3.50E+00 --- Baes et al., 1984
Chromium Uptake Factor 7.50E-03 --- Baes et al., 1984
Chromium (Hexavalent) Uptake Factor 7.50E-03 --- Baes et al., 1984
Cobalt Uptake Factor 2.00E-02 --- Baes et al., 1984

Copper Log Linear
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil
--- ORNL, 1998

Fluoride Uptake Factor 1.00E+00 --- Default
Iron Uptake Factor 4.00E-03 --- Baes et al., 1984

Lead Log Linear
ln(dry plant conc, mg/kg) =

(-1.328+0.561*ln(soil

conc))

--- ORNL, 1998

Magnesium Uptake Factor 1.00E+00 --- Baes et al., 1984
Manganese Uptake Factor 2.50E-01 --- Baes et al., 1984

Mercury Log Linear
ln(dry plant conc, mg/kg) =

(-0.996+0.544*ln(soil

conc))

--- ORNL, 1998

Nickel Log Linear
ln(dry plant conc, mg/kg) =

(-2.224+0.748*ln(soil

conc))

--- ORNL, 1998

Potassium Uptake Factor 1.00E+00 --- Baes et al., 1984

Selenium Log Linear
ln(dry plant conc, mg/kg) =

(-0.678+1.104*ln(soil

conc))

--- ORNL, 1998

Silver Uptake Factor 4.00E-01 --- Baes et al., 1984
Sodium Uptake Factor 7.50E-02 --- Baes et al., 1984
Thallium Uptake Factor 4.00E-03 --- Baes et al., 1984
Vanadium Uptake Factor 5.50E-03 --- Baes et al., 1984

Zinc Log Linear
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil
--- ORNL, 1998

Acenaphthene Uptake Factor 2.10E-01 --- Regression from Travis and Arms, 1988
Anthracene Uptake Factor 1.04E-01 --- Regression from Travis and Arms, 1988
Benzo(a)Anthracene Uptake Factor 2.06E-02 --- Regression from Travis and Arms, 1988
Benzo(a)Pyrene Uptake Factor 1.37E-02 --- Regression from Travis and Arms, 1988
Benzo(b)Fluoranthene Uptake Factor 1.12E-02 --- Regression from Travis and Arms, 1988

Table 7-5
Uptake Models Relating Concentrations in Soil to Concentrations in Plants

Chemical
Food Item (Plant) Uptake

Dioxins/Furans

Inorganics

PAHs

Metals
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Uptake ModelA, B,

C

BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Log Kow

G Source

Table 7-5
Uptake Models Relating Concentrations in Soil to Concentrations in Plants

Chemical
Food Item (Plant) Uptake

Dioxins/FuransBenzo(g,h,i)Perylene Uptake Factor 6.02E-03 --- Regression from Travis and Arms, 1988
Benzo(k)Fluoranthene Uptake Factor 1.12E-02 --- Regression from Travis and Arms, 1988

Carbazole Uptake Factor 2.74E-01 --- Regression from Travis and Arms, 1988

Chrysene Uptake Factor 2.06E-02 --- Regression from Travis and Arms, 1988
Dibenzo(a,h)Anthracene Uptake Factor 6.78E-03 --- Regression from Travis and Arms, 1988
Fluoranthene Uptake Factor 5.33E-02 --- Regression from Travis and Arms, 1988
Indeno(1,2,3-Cd)Pyrene Uptake Factor 6.06E-03 --- Regression from Travis and Arms, 1988
Phenanthrene Uptake Factor 1.02E-01 --- Regression from Travis and Arms, 1988
Pyrene Uptake Factor 5.85E-02 --- Regression from Travis and Arms, 1988

Aroclor-1242 Uptake Factor 8.38E-03 6.34E+00 Regression from Travis and Arms, 1988
Aroclor-1248 Uptake Factor 8.38E-03 6.34E+00 Regression from Travis and Arms, 1988
Aroclor-1254 Uptake Factor 3.58E-03 6.98E+00 Regression from Travis and Arms, 1988
Aroclor-1260 Uptake Factor 6.43E-04 8.27E+00 Regression from Travis and Arms, 1988

4,4'-DDD Uptake Factor 1.57E-02 5.87E+00 Regression from Travis and Arms, 1988
4,4'-DDE Uptake Factor 1.32E-02 6.00E+00 Regression from Travis and Arms, 1988
4,4'-DDT Uptake Factor 4.61E-03 6.79E+00 Regression from Travis and Arms, 1988
Alpha-Chlordane Uptake Factor 9.33E-03 6.26E+00 Regression from Travis and Arms, 1988
Beta-Bhc Uptake Factor 1.34E-01 4.26E+00 Regression from Travis and Arms, 1988
Delta-Bhc Uptake Factor 1.34E-01 4.26E+00 Regression from Travis and Arms, 1988
Dieldrin Uptake Factor 2.74E-02 5.45E+00 Regression from Travis and Arms, 1988
Endosulfan I Uptake Factor 3.67E-01 3.50E+00 Regression from Travis and Arms, 1988
Endrin Ketone Uptake Factor 5.06E-02 4.99E+00 Regression from Travis and Arms, 1988
Gamma-Bhc (Lindane) Uptake Factor 1.34E-01 4.26E+00 Regression from Travis and Arms, 1988
Gamma-Chlordane Uptake Factor 9.33E-03 6.26E+00 Regression from Travis and Arms, 1988
Heptachlor Uptake Factor 1.59E-02 5.86E+00 Regression from Travis and Arms, 1988
Heptachlor Epoxide Uptake Factor 8.96E-02 4.56E+00 Regression from Travis and Arms, 1988

4-Chloroaniline Uptake Factor 1.00E+00 ---
Bis(2-Ethylhexyl)Phthalate Uptake Factor 4.30E-02 --- Regression from Travis and Arms, 1988
Butylbenzylphthalate Uptake Factor 6.17E-02 4.84E+00 Regression from Travis and Arms, 1988
Caprolactam Uptake Factor 1.61E+01 6.60E-01 Regression from Travis and Arms, 1988
Dimethylphthalate Uptake Factor 4.25E+00 1.66E+00 Regression from Travis and Arms, 1988
Di-N-Butylphthalate Uptake Factor 8.38E-02 4.61E+00 Regression from Travis and Arms, 1988

2-Butanone Uptake Factor 2.74E+01 2.60E-01 Regression from Travis and Arms, 1988
Acetone Uptake Factor 5.33E+01 -2.40E-01 Regression from Travis and Arms, 1988
Acetophenone Uptake Factor 4.20E+00 1.67E+00 Regression from Travis and Arms, 1988
Carbon Disulfide Uptake Factor 2.93E+00 1.94E+00 Regression from Travis and Arms, 1988
Chloroform Uptake Factor 5.12E+00 1.52E+00 Regression from Travis and Arms, 1988
Chloromethane Uptake Factor 9.08E+00 1.09E+00 Regression from Travis and Arms, 1988
Ethylbenzene Uptake Factor 5.90E-01 --- Regression from Travis and Arms, 1988
Styrene Uptake Factor 8.27E-01 2.89E+00 Regression from Travis and Arms, 1988

A - Equation types:

Uptake Factor: [ConcBio] = m x [ConcSoil]

Log linear: [ConcBio] = 10b*[ConcSoil]m

B - Uptake factor for organics derived using the following equations from Travis & Arms, 1988 (equation 5, pg 273): Log Upfp = 1.588 - (0.578)(Log Kow

UpFp = plant uptake factor

Kow = octanol-water partitioning coefficient

Log Kow values from Syracuse Research Corporation (http://www.srcinc.com/what-we-do/databaseforms.aspx?id=385)

C - Uptake factor for inorganics derived using the following equations from ORNL, 1998: ln(plant) = B0 + B1(ln(soil concentration))

B0 = Constituent-specific intercept based on tissue type

B1 = Constituent-specific slope based on tissue type

Data for B0 and B1 are presented in ORNL 1998, Table 7, pg. 22.

Log Kow for m, p-xylenes = average of m-xylene and p-xylene Log Kow

VOCs

PCBs

Pesticides

SVOCs
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Uptake ModelA, B, C BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Source

1,2,3,4,6,7,8-HpCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,4,6,7,8-HpCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,4,7,8,9-HpCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,4,7,8-HxCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,4,7,8-HxCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,6,7,8-HxCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,6,7,8-HxCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,7,8,9-HxCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,7,8,9-HxCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,7,8-PeCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

1,2,3,7,8-PeCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

2,3,4,6,7,8-HxCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

2,3,4,7,8-PeCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

2,3,7,8-TCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
Sample et al., 1998a

2,3,7,8-TCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

OCDD Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

OCDF Log Linear
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
(TCDD) Sample et al.,

1998a

Chloride Uptake Factor 1.00E+00 Default
Cyanide (Total) Uptake Factor 1.00E+00 Default
Nitrate As N Uptake Factor 1.00E+00 Default
Nitrite As N Uptake Factor 1.00E+00 Default
Sulfate Uptake Factor 1.00E+00 Default

Aluminum Uptake Factor 1.18E-01 90% UF, Sample et al,
Antimony Uptake Factor 1.00E+00 Default

Arsenic Log Linear
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
Sample et al., 1998a

Barium Uptake Factor 1.60E-01 90% UF, Sample et al,
Beryllium Uptake Factor 1.18E+00 90% UF, Sample et al,
Bromide 1.00E+00

Cadmium Log Linear
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
Sample et al., 1998a

Table 7-6
Uptake Models Relating Concentrations in Soil to Concentrations in Soil Invertebrates

Chemical
Food Item (Worm) Uptake

Dioxins/Furans

Inorganics

Metals
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Uptake ModelA, B, C BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Source

Table 7-6
Uptake Models Relating Concentrations in Soil to Concentrations in Soil Invertebrates

Chemical
Food Item (Worm) Uptake

Dioxins/FuransCalcium Uptake Factor 1.00E+00 Default

Chromium Log Linear
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
Sample et al., 1998a

Chromium (Hexavalent) Log Linear
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
Sample et al., 1998a

Cobalt Uptake Factor 2.91E-01 90% UF, Sample et al,

Copper Log Linear
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
Sample et al., 1998a

Fluroride Uptake Factor 1.00E+00 Default
Iron Uptake Factor 7.80E-02 90% UF, Sample et al,

Lead Log Linear
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
Sample et al., 1998a

Magnesium Uptake Factor 5.30E-01 90% UF, Sample et al,

Manganese Log Linear
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
Default

Mercury Log Linear
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
Sample et al., 1998a

Nickel Log Linear
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
Sample et al., 1998a

Potassium Uptake Factor 1.00E+00 Default

Selenium Log Linear
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
Sample et al., 1998a

Silver Uptake Factor 1.53E+01 90% UF, Sample et al,
Sodium Uptake Factor 1.00E+00 Default
Thallium Uptake Factor 1.00E+00 Default
Vanadium Uptake Factor 8.80E-01 90% UF, Sample et al,

Zinc Log Linear
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc)) Sample et al., 1998a

Acenaphthene Uptake Factor 3.00E-01 Beyer and Stafford, 1993
Anthracene Uptake Factor 3.20E-01 Beyer and Stafford, 1993
Benzo(a)Anthracene Uptake Factor 2.70E-01 Beyer and Stafford, 1993
Benzo(a)Pyrene Uptake Factor 3.40E-01 Beyer and Stafford, 1993
Benzo(b)Fluoranthene Uptake Factor 2.10E-01 Beyer and Stafford, 1993
Benzo(g,h,i)Perylene Uptake Factor 1.50E-01 Beyer and Stafford, 1993
Benzo(k)Fluoranthene Uptake Factor 2.10E-01 Beyer and Stafford, 1993
Carbazole Uptake Factor 1.00E+00 Default
Chrysene Uptake Factor 4.40E-01 Beyer and Stafford, 1993
Dibenzo(a,h)Anthracene Uptake Factor 4.90E-01 Beyer and Stafford, 1993
Fluoranthene Uptake Factor 3.70E-01 Beyer and Stafford, 1993
Indeno(1,2,3-Cd)Pyrene Uptake Factor 4.10E-01 Beyer and Stafford, 1993
Phenanthrene Uptake Factor 2.80E-01 Beyer and Stafford, 1993
Pyrene Uptake Factor 3.90E-01 Beyer and Stafford, 1993

Aroclor-1242 Log Linear
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
(PCB) Sample et al., 1998a

Aroclor-1248 Log Linear
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
(PCB) Sample et al., 1998a

Aroclor-1254 Log Linear
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
(PCB) Sample et al., 1998a

PAHs

PCBs
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Uptake ModelA, B, C BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Source

Table 7-6
Uptake Models Relating Concentrations in Soil to Concentrations in Soil Invertebrates

Chemical
Food Item (Worm) Uptake

Dioxins/Furans
Aroclor-1260 Log Linear

ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc)) (PCB) Sample et al., 1998a

4,4'-DDD Uptake Factor 9.00E+00 Beyer, 1990
4,4'-DDE Uptake Factor 9.00E+00 Beyer, 1990

4,4'-DDT Uptake Factor 9.00E+00 Beyer, 1990

Alpha-Chlordane Uptake Factor 1.00E+00 Default
Beta-BHC Uptake Factor 1.00E+00 Default
Delta-BHC Uptake Factor 1.00E+00 Default
Dieldrin Uptake Factor 1.79E+00 Beyer and Gish, 1980
Endosulfan I Uptake Factor 1.00E+00 Default
Endosulfan Sulfate Uptake Factor 3.50E+00 Laird and Kroger, 1981
Endrin Ketone Uptake Factor 1.00E+00 Default
Gamma-BHC (Lindane) Uptake Factor 4.20E+00 Beyer, 1990
Gamma-Chlordane Uptake Factor 1.00E+00 Default
Heptachlor Uptake Factor 4.00E-02 Gish and Hughes, 1982
Heptachlor Epoxide Uptake Factor 4.00E-02 Gish and Hughes, 1982

4-Chloroaniline Uptake Factor 1.00E+00 Default
Bis(2-Ethylhexyl)Phthalate Uptake Factor 1.00E+00 Default
Butylbenzylphthalate Uptake Factor 1.00E+00 Default
Caprolactam Uptake Factor 1.00E+00 Default
Dimethylphthalate Uptake Factor 1.00E+00 Default
Di-N-Butylphthalate Uptake Factor 1.00E+00 Default
Methylcyclohexane Uptake Factor 1.00E+00 Default

2-Butanone Uptake Factor 1.00E+00 Default
Acetone Uptake Factor 1.00E+00 Default
Acetophenone Uptake Factor 1.00E+00 Default
Carbon Disulfide Uptake Factor 1.00E+00 Default
Chloroform Uptake Factor 1.00E+00 Default
Chloromethane Uptake Factor 1.00E+00 Default
Ethylbenzene Uptake Factor 1.00E+00 Default
Styrene Uptake Factor 1.00E+00 Default

A - The default uptake factor for chemicals were no information was available was assumed to be 1.

B - Equation types:

Uptake Factor: [ConcBio] = m x [ConcSoil]
Log linear: [ConcBio] = 10b*[ConcSoil]m

C - Uptake factor derived using the following equations from Sample, et. al, 1998a: ln(earthworm) = B0 + B1(ln(soil concentration))
B0 = Constituent-specific intercept based on tissue type
B1 = Constituent-specific slope based on tissue type
Data for B0 and B1 are presented in Sample, et. Al, 1998a, Table 12, pg. 33.

VOCs

Pesticides

SVOCs
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Uptake ModelA, B, C BAF/Equation (mg/L
dry wt. to mg/kg dry

Source

1,2,3,4,6,7,8-HpCDD Uptake Factor 3.44E+03 Regression from BCFWIN Program
1,2,3,4,6,7,8-HpCDF Uptake Factor 4.71E+03 Regression from BCFWIN Program
1,2,3,4,7,8,9-HpCDF Uptake Factor 4.71E+03 Regression from BCFWIN Program
1,2,3,4,7,8-HxCDD Uptake Factor 5.40E+03 Regression from BCFWIN Program
1,2,3,4,7,8-HxCDF Uptake Factor 4.73E+03 Regression from BCFWIN Program
1,2,3,6,7,8-HxCDD Uptake Factor 3.40E+03 Regression from BCFWIN Program
1,2,3,6,7,8-HxCDF Uptake Factor 4.73E+03 Regression from BCFWIN Program
1,2,3,7,8,9-HxCDD Uptake Factor 3.40E+03 Regression from BCFWIN Program
1,2,3,7,8,9-HxCDF Uptake Factor 6.90E+03 Regression from BCFWIN Program
1,2,3,7,8-PeCDD Uptake Factor 1.12E+04 Regression from BCFWIN Program
1,2,3,7,8-PeCDF Uptake Factor 1.40E+04 Regression from BCFWIN Program
2,3,4,6,7,8-HxCDF Uptake Factor 4.73E+03 Regression from BCFWIN Program
2,3,4,7,8-PeCDF Uptake Factor 1.40E+04 Regression from BCFWIN Program
2,3,7,8-TCDD Uptake Factor 1.42E+04 Regression from BCFWIN Program
2,3,7,8-TCDF Uptake Factor 9.45E+03 Regression from BCFWIN Program
OCDD Uptake Factor 3.44E+03 Regression from BCFWIN Program
OCDF Uptake Factor 2.19E+03 Regression from BCFWIN Program

Chloride Uptake Factor 1.00E+00 Default
Cyanide (Total) Uptake Factor 6.33E+02 From Table C-5 - EPA, 1999
Nitrate As N Uptake Factor 1.00E+00 Default
Nitrite As N Uptake Factor 1.00E+00 Default
Sulfate Uptake Factor 1.00E+00 Default

Aluminum Uptake Factor 2.70E+00 From Table C-5 - EPA, 1999
Antimony Uptake Factor 1.00E+00 Based on bluegill in Table 5 - EPA, 1980
Arsenic Uptake Factor 4.00E+00 Based on bluegill in Table 5 - EPA, 1985a

Barium Uptake Factor 4.00E+00
BCF from http://rais.ornl.gov/cgi-

bin/tox/TOX_select?select=chem
Beryllium Uptake Factor 6.20E+01 From Table C-5 - EPA, 1999
Bromide Uptake Factor 1.00E+00 Default
Cadmium Uptake Factor 5.90E+01 Based on bluegill in Table 5 - EPA, 2001
Calcium Uptake Factor 1.00E+00 Default

Chromium Uptake Factor 2.00E+02
BCF from http://rais.ornl.gov/cgi-

bin/tox/TOX_select?select=chem

Chromium (Hexavalent) Uptake Factor 2.00E+02
BCF from http://rais.ornl.gov/cgi-

bin/tools/TOX_search
Cobalt Uptake Factor 1.00E+00 Default

Copper Uptake Factor 4.64E+02
Based on fathead minnow in Table 5 - EPA,

2003
Fluoride Uptake Factor 1.00E+00 Default
Iron Uptake Factor 1.00E+00 Default
Lead Uptake Factor 4.50E+01 Based on bluegill in Table 5 - EPA, 1985b
Magnesium Uptake Factor 1.00E+00 Default

Manganese Uptake Factor 4.00E+02
BCF from http://rais.ornl.gov/cgi-

bin/tox/TOX_select?select=chem

Mercury Uptake Factor 1.80E+03
Based on rainbow trout in Table 5 - EPA,

1985c

Nickel Uptake Factor 2.70E+01
Based on rainbow trout/fathead minnow in

Table 5 - EPA, 1986
Potassium Uptake Factor 1.00E+00 Default
Selenium Uptake Factor 2.42E+02 Based on bluegill in Table 5 - EPA, 1987a
Silver Uptake Factor 8.77E+01 From Table C-5 - EPA, 1999
Sodium Uptake Factor 1.00E+00 Default

Thallium Uptake Factor 1.00E+03
BCF from http://rais.ornl.gov/cgi-

bin/tox/TOX_select?select=chem
Vanadium Uptake Factor 1.00E+00 Default

Zinc Uptake Factor 1.30E+01
Based on mummichog in Table 5 - EPA,

1987b

Table 7-7
Uptake Models Relating Concentrations in Surface Water to Concentrations in Fish

Chemical
Food Item (Fish) Uptake

Dioxins/Furans

Inorganics

Metals
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Uptake ModelA, B, C BAF/Equation (mg/L
dry wt. to mg/kg dry

Source

Table 7-7
Uptake Models Relating Concentrations in Surface Water to Concentrations in Fish

Chemical
Food Item (Fish) Uptake

Dioxins/Furans

Acenaphthene Uptake Factor 1.79E+02 Regression from BCFWIN Program
Anthracene Uptake Factor 4.01E+02 Regression from BCFWIN Program
Benzo(a)Anthracene Uptake Factor 3.18E+03 Regression from BCFWIN Program
Benzo(a)Pyrene Uptake Factor 5.15E+03 Regression from BCFWIN Program
Benzo(b)Fluoranthene Uptake Factor 3.02E+03 Regression from BCFWIN Program
Benzo(g,h,i)Perylene Uptake Factor 1.10E+04 Regression from BCFWIN Program
Benzo(k)Fluoranthene Uptake Factor 4.99E+03 Regression from BCFWIN Program
Carbazole Uptake Factor 1.32E+02 Regression from BCFWIN Program
Chrysene Uptake Factor 3.17E+03 Regression from BCFWIN Program
Dibenzo(a,h)Anthracene Uptake Factor 9.60E+03 Regression from BCFWIN Program
Fluoranthene Uptake Factor 1.18E+03 Regression from BCFWIN Program
Indeno(1,2,3-Cd)Pyrene Uptake Factor 1.22E+04 Regression from BCFWIN Program
Phenanthrene Uptake Factor 1.87E+03 Regression from BCFWIN Program
Pyrene Uptake Factor 7.71E+02 Regression from BCFWIN Program

Aroclor-1242 Uptake Factor 2.53E+04 Regression from BCFWIN Program
Aroclor-1248 Uptake Factor 2.71E+04 Regression from BCFWIN Program
Aroclor-1254 Uptake Factor 5.41E+04 Regression from BCFWIN Program
Aroclor-1260 Uptake Factor 1.23E+04 Regression from BCFWIN Program
Total PCBs Uptake Factor 5.41E+04 Regression from BCFWIN Program

4,4'-DDD Uptake Factor 4.36E+03 Regression from BCFWIN Program
4,4'-DDE Uptake Factor 9.17E+03 Regression from BCFWIN Program
4,4'-DDT Uptake Factor 1.68E+04 Regression from BCFWIN Program
DDTr Uptake Factor 1.68E+04 Regression from BCFWIN Program
Alpha-Chlordane Uptake Factor 5.90E+03 Regression from BCFWIN Program
Beta-Bhc Uptake Factor 2.50E+02 Regression from BCFWIN Program
Delta-Bhc Uptake Factor 2.50E+02 Regression from BCFWIN Program
Dieldrin Uptake Factor 1.25E+03 Regression from BCFWIN Program
Endosulfan I Uptake Factor 1.56E+02 Regression from BCFWIN Program
Endrin Ketone Uptake Factor 9.06E+02 Regression from BCFWIN Program
Gamma-Bhc (Lindane) Uptake Factor 2.50E+02 Regression from BCFWIN Program
Gamma-Chlordane Uptake Factor 5.90E+03 Regression from BCFWIN Program
Heptachlor Uptake Factor 4.92E+03 Regression from BCFWIN Program
Heptachlor Epoxide Uptake Factor 8.97E+02 Regression from BCFWIN Program

4-Chloroaniline Uptake Factor 7.49E+00 Regression from BCFWIN Program
Bis(2-Ethylhexyl)Phthalate Uptake Factor 1.71E+03 Regression from BCFWIN Program
Butylbenzylphthalate Uptake Factor 6.14E+02 Regression from BCFWIN Program
Caprolactam Uptake Factor 3.16E+00 Regression from BCFWIN Program
Dimethylphthalate Uptake Factor 5.28E+00 Regression from BCFWIN Program
Di-N-Butylphthalate Uptake Factor 4.33E+02 Regression from BCFWIN Program

PAHs

PCBs

Pesticides

SVOCs
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Uptake ModelA, B, C BAF/Equation (mg/L
dry wt. to mg/kg dry

Source

Table 7-7
Uptake Models Relating Concentrations in Surface Water to Concentrations in Fish

Chemical
Food Item (Fish) Uptake

Dioxins/Furans

2-Butanone Uptake Factor 3.16E+00 Regression from BCFWIN Program
Acetone Uptake Factor 3.16E+00 Regression from BCFWIN Program
Acetophenone Uptake Factor 1.33E+00 Regression from BCFWIN Program
Carbon Disulfide Uptake Factor 8.85E+00 Regression from BCFWIN Program
Chloroform Uptake Factor 9.26E+00 Regression from BCFWIN Program
Ethylbenzene Uptake Factor 5.56E+01 Regression from BCFWIN Program
Styrene Uptake Factor 4.11E+01 Regression from BCFWIN Program

A - Equation types:

Uptake Factor:

B - Uptake factor for organics derived using the BCF Win Program from EPA

http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm
C - Uptake factor for inorganics from the following sources:

BCF from http://rais.ornl.gov/cgi-bin/tox/TOX_select?select=chem
EPA 1999, Table C-5
EPA 1980, Table 5 (bluegill)
EPA 1985a, Table 5
EPA 1985b, Table 5
EPA 1985c, Table 5
EPA 2000, Table 5
EPA 1984, Table 5
EPA 1986, Table 5
EPA 1987a, Table 5
EPA 1987b, Table 5

VOCs
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Uptake ModelA, B, C BTF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Log Kow

G Source

1,2,3,4,6,7,8-HpCDD Uptake Factor 3.77E+00 8.85E+00 Regression from Travis and Arms, 1988
1,2,3,4,6,7,8-HpCDF Uptake Factor 9.04E-01 8.23E+00 Regression from Travis and Arms, 1988
1,2,3,4,7,8,9-HpCDF Uptake Factor 9.04E-01 8.23E+00 Regression from Travis and Arms, 1988
1,2,3,4,7,8-HxCDD Uptake Factor 8.64E-01 8.21E+00 Regression from Travis and Arms, 1988
1,2,3,4,7,8-HxCDF Uptake Factor 4.43E-01 7.92E+00 Regression from Travis and Arms, 1988
1,2,3,6,7,8-HxCDD Uptake Factor 8.64E-01 8.21E+00 Regression from Travis and Arms, 1988
1,2,3,6,7,8-HxCDF Uptake Factor 4.03E-02 --- Regression from Travis and Arms, 1988
1,2,3,7,8,9-HxCDD Uptake Factor 8.64E-01 8.21E+00 Regression from Travis and Arms, 1988
1,2,3,7,8,9-HxCDF Uptake Factor 2.02E-01 7.58E+00 Regression from Travis and Arms, 1988
1,2,3,7,8-PeCDD Uptake Factor 4.03E-02 --- Regression from Travis and Arms, 1988
1,2,3,7,8-PeCDF Uptake Factor 4.64E-02 6.94E+00 Regression from Travis and Arms, 1988
2,3,4,6,7,8-HxCDF Uptake Factor 4.43E-01 7.92E+00 Regression from Travis and Arms, 1988
2,3,4,7,8-PeCDF Uptake Factor 5.49E-02 --- Regression from Travis and Arms, 1988
2,3,7,8-TCDD Uptake Factor 7.52E-03 6.15E+00 Regression from Travis and Arms, 1988
2,3,7,8-TCDF Uptake Factor 1.04E-02 6.29E+00 Regression from Travis and Arms, 1988
OCDD Uptake Factor 1.68E+01 9.50E+00 Regression from Travis and Arms, 1988
OCDF Uptake Factor 3.95E+00 8.87E+00 Regression from Travis and Arms, 1988

Chloride Uptake Factor 1.00E+00 --- Default
Cyanide (Total) Uptake Factor 1.00E+00 --- Default
Nitrate As N Uptake Factor 1.00E+00 --- Default
Nitrite As N Uptake Factor 1.00E+00 --- Default
Sulfate Uptake Factor 1.00E+00 --- Default

Aluminum Uptake Factor 7.32E-02 --- Sample et al., 1998b
Antimony Uptake Factor 2.12E-04 --- 90%UF from Sample et al., 1998b

Arsenic Log Linear

ln(dry mammal conc,

mg/kg) = (-

4.8471+0.8188*ln(soil

conc))

--- Sample et al., 1998b

Barium Log Linear
ln(dry mammal conc,

mg/kg) = (-

1.412+0.7*ln(soil conc))

--- Sample et al., 1998b

Beryllium Uptake Factor 2.12E-04 --- 90%UF from Sample et al., 1998b
Bromide 1.00E+00

Cadmium Log Linear
ln(dry mammal conc,

mg/kg) = (-

0.4306+0.4865*ln(soil

--- Sample et al., 1998b

Calcium Uptake Factor 1.48E-04 --- 90%UF from Sample et al., 1998b

Chromium Log Linear

ln(dry mammal conc,

mg/kg) = (-

1.4599+0.7338*ln(soil
--- Sample et al., 1998b

Chromium (Hexavalent) Log Linear

ln(dry mammal conc,

mg/kg) = (-

1.4599+0.7338*ln(soil

conc))

--- Sample et al., 1998b

Cobalt Uptake Factor 1.00E-01 --- 90%UF from Sample et al., 1998b

Copper Log Linear

ln(dry mammal conc,

mg/kg) =

(2.042+0.1444*ln(soil

conc))

--- Sample et al., 1998b

Fluoride Uptake Factor 1.00E+00 --- Default
Iron Uptake Factor 4.24E-03 --- 90% UF, Sample et al, 1998b

Lead Log Linear

ln(dry mammal conc,

mg/kg) =

(0.0761+0.4422*ln(soil

conc))

--- Sample et al., 1998b

Magnesium Uptake Factor 1.06E-03 --- 90% UF, Sample et al, 1998b
Manganese Uptake Factor 5.87E-02 --- Sample et al., 1998b
Mercury Uptake Factor 1.92E-01 --- Sample et al., 1998b

Nickel Log Linear

ln(dry mammal conc,

mg/kg) = (-

0.2462+0.4658*ln(soil

conc))

--- Sample et al., 1998b

Potassium Uptake Factor 4.24E-03 --- 90%UF from Sample et al., 1998b

Table 7-8
Uptake Models Relating Doeses ingested by Small Mammals to Concentrations in Small Mammals

Chemical
Food Item (Small Mammal) Uptake

Dioxins/Furans

Inorganics

Metals
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Uptake ModelA, B, C BTF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Log Kow

G Source

Table 7-8
Uptake Models Relating Doeses ingested by Small Mammals to Concentrations in Small Mammals

Chemical
Food Item (Small Mammal) Uptake

Dioxins/Furans

Selenium Log Linear

ln(dry mammal conc,

mg/kg) = (-

0.4158+0.3764*ln(soil

conc))

--- Sample et al., 1998b

Silver Uptake Factor 5.01E-01 --- 90% UF, Sample et al, 1998b
Sodium Uptake Factor 1.17E-02 --- 90% UF, Sample et al, 1998b
Thallium Uptake Factor 1.23E-01 --- 90%UF from Sample et al., 1998b
Vanadium Uptake Factor 1.79E-01 --- Sample et al., 1998b

Zinc Log Linear

ln(dry mammal conc,

mg/kg) =

(4.4713+0.0738*ln(soil

conc))

--- Sample et al., 1998b

Acenaphthene Uptake Factor 4.37E-05 --- Regression from Travis and Arms, 1988
Anthracene Uptake Factor 1.54E-04 --- Regression from Travis and Arms, 1988
Benzo(a)Anthracene Uptake Factor 2.77E-03 --- Regression from Travis and Arms, 1988
Benzo(a)Pyrene Uptake Factor 5.73E-03 --- Regression from Travis and Arms, 1988
Benzo(b)Fluoranthene Uptake Factor 8.27E-03 --- Regression from Travis and Arms, 1988
Benzo(g,h,i)Perylene Uptake Factor 2.45E-02 --- Regression from Travis and Arms, 1988
Benzo(k)Fluoranthene Uptake Factor 8.27E-03 --- Regression from Travis and Arms, 1988
Carbazole Uptake Factor 2.72E-05 --- Regression from Travis and Arms, 1988
Chrysene Uptake Factor 2.77E-03 --- Regression from Travis and Arms, 1988
Dibenzo(a,h)Anthracene Uptake Factor 2.02E-02 --- Regression from Travis and Arms, 1988
Fluoranthene Uptake Factor 5.07E-04 --- Regression from Travis and Arms, 1988
Indeno(1,2,3-Cd)Pyrene Uptake Factor 2.47E-02 --- Regression from Travis and Arms, 1988
Phenanthrene Uptake Factor 1.58E-04 --- Regression from Travis and Arms, 1988
Pyrene Uptake Factor 4.29E-04 --- Regression from Travis and Arms, 1988

Aroclor-1242 Uptake Factor 1.38E-02 --- Regression from Travis and Arms, 1988
Aroclor-1248 Uptake Factor 1.38E-02 --- Regression from Travis and Arms, 1988
Aroclor-1254 Uptake Factor 6.33E-02 --- Regression from Travis and Arms, 1988
Aroclor-1260 Uptake Factor 1.36E+00 --- Regression from Travis and Arms, 1988

4,4'-DDD Uptake Factor 6.46E-03 --- Regression from Travis and Arms, 1988
4,4'-DDE Uptake Factor 2.95E-03 --- Regression from Travis and Arms, 1988
4,4'-DDT Uptake Factor 1.45E-02 --- Regression from Travis and Arms, 1988
Alpha-Chlordane Uptake Factor 2.06E-03 --- Regression from Travis and Arms, 1988
Beta-Bhc Uptake Factor 3.13E-05 --- Regression from Travis and Arms, 1988
Delta-Bhc Uptake Factor 7.38E-05 --- Regression from Travis and Arms, 1988
Dieldrin Uptake Factor 1.96E-04 --- Regression from Travis and Arms, 1988
Endosulfan I Uptake Factor 3.53E-05 --- Regression from Travis and Arms, 1988
Endosulfan Sulfate Uptake Factor 3.53E-05 --- Regression from Travis and Arms, 1988
Endrin Ketone Uptake Factor 5.57E-04 --- Regression from Travis and Arms, 1988
Gamma-Bhc (Lindane) Uptake Factor 2.09E-05 --- Regression from Travis and Arms, 1988
Gamma-Chlordane Uptake Factor 2.06E-03 --- Regression from Travis and Arms, 1988
Heptachlor Uptake Factor 1.01E-04 --- Regression from Travis and Arms, 1988
Heptachlor Epoxide Uptake Factor 1.48E-03 --- Regression from Travis and Arms, 1988

4-Chloroaniline Uptake Factor 1.00E+00 ---
Bis(2-Ethylhexyl)Phthalate Uptake Factor 7.41E-04 --- Regression from Travis and Arms, 1988
Butylbenzylphthalate Uptake Factor 4.61E-04 --- Regression from Travis and Arms, 1988
Caprolactam Uptake Factor 1.00E+00 --- Default
Dimethylphthalate Uptake Factor 1.60E-07 --- Regression from Travis and Arms, 1988
Di-N-Butylphthalate Uptake Factor 2.93E-04 --- Regression from Travis and Arms, 1988

PAHs

PCBs

Pesticides

SVOCs
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Uptake ModelA, B, C BTF/Equation (mg/kg dry
wt. to mg/kg dry wt.) Log Kow

G Source

Table 7-8
Uptake Models Relating Doeses ingested by Small Mammals to Concentrations in Small Mammals

Chemical
Food Item (Small Mammal) Uptake

Dioxins/Furans

2-Butanone Uptake Factor 7.78E-09 --- Regression from Travis and Arms, 1988
Acetone Uptake Factor 2.21E-09 --- Regression from Travis and Arms, 1988
Acetophenone Uptake Factor 1.00E+00 --- Default
Carbon Disulfide Uptake Factor 8.04E-07 --- Regression from Travis and Arms, 1988
Chloroform Uptake Factor 4.23E-07 --- Regression from Travis and Arms, 1988
Chloromethane Uptake Factor 3.40E-08 --- Regression from Travis and Arms, 1988
Styrene Uptake Factor 4.35E-06 --- Regression from Travis and Arms, 1988

A - Equation types:

Uptake Factor:

Log linear:
B - Uptake factor derived using the following equations from Travis & Arms, 1988 (equation 2, pg. 272): Log UpFsm = -7.6 + log Kow

UpFsm = small mammal uptake factor

Kow = octanol-water partitioning coefficient

Log Kow values from Syracuse Research Corporation (http://www.syrres.com/esc/est_kowdemo.htm)

C - Uptake factor for organics derived using the following equations from Sample et al., 1998a: ln(whole body) = B0 + B1(ln(soil concentration))
B0 = Constituent-specific intercept based on tissue type
B1 = Constituent-specific slope based on tissue type
Data for B0 and B1 are presented in Sample et el., 1998a, Table 8, pg. 31-32.

VOCs
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Table 7-9
Soil Toxicity Reference Values for Plants and Soil Invertebrates

Chemical

Plant
Toxicity

Reference
Value

(mg/kg dry
wt)

Toxicity Reference Value
Source and Notes

Earthwor
m Toxicity
Reference

Value
(mg/kg dry

wt)

Toxicity Reference Value
Source and Notes

Dioxins/Furins
1,2,3,4,6,7,8-HPCDD NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,4,6,7,8-HPCDF NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,4,7,8,9-HPCDF NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,4,7,8-HXCDD NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,4,7,8-HXCDF NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,6,7,8-HXCDD NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,6,7,8-HXCDF NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,7,8,9-HXCDD NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,7,8,9-HXCDF NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,7,8-PECDD NA --- 5.00E-01 Reinecke and Nash 1984
1,2,3,7,8-PECDF NA --- 5.00E-01 Reinecke and Nash 1984
2,3,4,6,7,8-HXCDF NA --- 5.00E-01 Reinecke and Nash 1984
2,3,4,7,8-PECDF NA --- 5.00E-01 Reinecke and Nash 1984
2,3,7,8-TCDD NA --- 5.00E-01 Reinecke and Nash 1984
2,3,7,8-TCDF NA --- 5.00E-01 Reinecke and Nash 1984
OCDD NA --- 5.00E-01 Reinecke and Nash 1984
OCDF NA --- 5.00E-01 Reinecke and Nash 1984
TOTAL HPCDD NA --- 5.00E-01 Reinecke and Nash 1984
TOTAL HPCDF NA --- 5.00E-01 Reinecke and Nash 1984
TOTAL HXCDD NA --- 5.00E-01 Reinecke and Nash 1984
TOTAL TCDF NA --- 5.00E-01 Reinecke and Nash 1984
WHOTEQ NA --- 5.00E-01 Reinecke and Nash 1984

Inorganics
Chloride NA --- NA ---
Cyanide (Total) NA --- NA ---
Nitrate As N NA --- NA ---
Nitrite As N NA --- NA ---
Sulfate NA --- NA ---

Metals
Aluminum 50 Efroymson et al. 1997a NA ---
Antimony 5 Efroymson et al. 1997a 78 EPA, 2005a
Arsenic 18 EcoSSL, 2005b 60 Efroymson et al. 1997b
Barium 500 Efroymson et al. 1997a 330 EPA, 2005c
Beryllium 10 Efroymson et al. 1997a 40 EPA, 2005d
Bromide NA --- NA ---
Cadmium 32 EPA, 2005e 140 EPA, 2005e
Calcium NA --- NA ---
Chromium 1 Efroymson et al. 1997a 0.4 Efroymson et al. 1997b
Chromium (Hexavalent) NA --- NA ---
Cobalt 13 EPA, 2005f NA ---
Copper 70 EPA, 2007a 80 EPA, 2007a
Fluoride NA --- NA ---
Iron NA --- NA ---
Lead 120 EPA, 2005g 1700 EPA, 2005g
Magnesium NA --- NA ---

Manganese 220 EPA, 2007d 450 EPA, 2007d

Mercury 0.3 Efroymson et al. 1997a 0.1 Efroymson et al. 1997b
Nickel 38 EPA, 2007e 280 EPA, 2007e

Potassium NA --- NA ---
Selenium 0.52 EPA, 2007h 4.1 EPA, 2007h

Silver 560 EPA, 2006 NA ---
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Table 7-9
Soil Toxicity Reference Values for Plants and Soil Invertebrates

Chemical

Plant
Toxicity

Reference
Value

(mg/kg dry
wt)

Toxicity Reference Value
Source and Notes

Earthwor
m Toxicity
Reference

Value
(mg/kg dry

wt)

Toxicity Reference Value
Source and Notes

Sodium NA --- NA ---
Thallium 1 Efroymson et al. 1997a NA ---
Vanadium 2 Efroymson et al. 1997a NA ---
Zinc 160 EPA, 2007i 120 EPA, 2007i

PAHs
Total LWM PAHs 20000 Efroymson et al. 1997a 29000 EPA, 2007g
Total HWM PAHs 20000 Efroymson et al. 1997a 18000 EPA, 2007g

PCBs
Aroclor-1242 40000 Efroymson et al. 1997a 2510 Rhett et al 1989
Aroclor-1248 40000 Efroymson et al. 1997a 2510 Rhett et al 1989
Aroclor-1254 40000 Efroymson et al. 1997a 2510 Rhett et al 1989
Aroclor-1260 40000 Efroymson et al. 1997a 2510 Rhett et al 1989
Total PCBs 40000 Efroymson et al. 1997a 2510 Rhett et al 1989

Pesticides
4,4'-DDD NA --- 1500 Cathey, 1982
4,4'-DDE NA --- 1500 Cathey, 1982
4,4'-DDT NA --- 1500 Cathey, 1982
DDTr NA --- 1500
Alpha-Chlordane NA --- NA ---
Beta-Bhc NA --- NA ---
Delta-Bhc NA --- NA ---
Dieldrin NA --- NA ---
Endosulfan I NA --- NA ---
Endrin Ketone NA --- NA ---
Gamma-Bhc (Lindane) NA --- NA ---
Gamma-Chlordane NA --- NA ---
Heptachlor NA --- NA ---
Heptachlor Epoxide NA --- NA ---

SVOCs
4-Chloroaniline NA --- NA ---
Bis(2-ethylhexyl)phthalate 100000 Efroymson et al. 1997a 200000 Efroymson et al. 1997b

Butylbenzylphthalate 100000
Efroymson et al. 1997a, value

for Bis(2-ethylhexyl)phthalate
200000

Efroymson et al. 1997b, value

for Bis(2-ethylhexyl)phthalate

Caprolactum NA --- NA ---
Dimethylphthalate 100000 Efroymson et al. 1997a 200000 Efroymson et al. 1997b
Di-N-Butylphthalate 200000 Efroymson et al. 1997a 200000 Efroymson et al. 1997b

VOCs
2-Butanone NA --- NA ---
Acetone NA --- NA ---
Acetophenone NA --- NA ---
Carbon disulfide NA --- NA ---
Chloroform NA --- NA ---
Ethylbenzene NA --- NA ---
Styrene 300000 Efroymson et al. 1997a NA ---
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Table 7-10
Sediment Toxicity Reference Values for Aquatic Organism Exposures

1,2,3,4,6,7,8-HPCDD NA ---
1,2,3,4,6,7,8-HPCDF NA ---
1,2,3,4,7,8,9-HPCDF NA ---
1,2,3,4,7,8-HXCDD NA ---
1,2,3,4,7,8-HXCDF NA ---
1,2,3,6,7,8-HXCDD NA ---
1,2,3,6,7,8-HXCDF NA ---
1,2,3,7,8,9-HXCDD NA ---
1,2,3,7,8,9-HXCDF NA ---
1,2,3,7,8-PECDD NA ---
1,2,3,7,8-PECDF NA ---
2,3,4,6,7,8-HXCDF NA ---
2,3,4,7,8-PECDF NA ---
2,3,7,8-TCDD NA ---
2,3,7,8-TCDF NA ---
OCDD NA ---
OCDF NA ---
TOTAL HPCDD NA ---
TOTAL HPCDF NA ---
TOTAL HXCDD NA ---
TOTAL TCDF NA ---
WHOTEQ NA ---

Chloride NA ---
Cyanide (Total) NA ---
Nitrate As N NA ---
Nitrite As N NA ---
Sulfate NA ---

Aluminum NA ---
Antimony 2 Value is LEL from OMEE, 1993
Arsenic 9.79 MacDonald et al. 2000
Barium NA ---
Beryllium NA ---
Bromide NA ---
Cadmium 0.99 MacDonald et al. 2000
Calcium NA ---
Chromium 43.4 MacDonald et al. 2000
Chromium (Hexavalent) NA ---
Cobalt NA ---
Copper 31.6 MacDonald et al. 2000
Fluoride NA ---
Iron 20000 Value is TEL from MacDonald et al. 1996
Lead 35.8 MacDonald et al. 2000
Magnesium NA ---
Manganese 460 Value is TEL from MacDonald et al. 1996
Mercury 0.18 MacDonald et al. 2000
Nickel 22.7 MacDonald et al. 2000
Potassium NA ---
Selenium NA ---
Silver 1 Value is LEL from OMEE, 1993
Sodium NA ---
Thallium NA ---
Vanadium NA ---
Zinc 121 MacDonald et al. 2000

Metals

Sediment
TRV (mg/kg

dry wt.)
Chemical Source

Dioxins/Furans

Inorganics
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Table 7-10
Sediment Toxicity Reference Values for Aquatic Organism Exposures

Sediment
TRV (mg/kg

dry wt.)
Chemical Source

Dioxins/FuransPAHs

Total LWM PAHs 1.6 Value is TEC from MacDonald et al. 2000
Total HWM PAHs 1.6 Value is TEC from MacDonald et al. 2000

PCBs

Aroclor-1242 0.17
Value is SQB calculated from Tier II secondary chronic value (Jones et

al. 1997) assuming 1% OC
Aroclor-1248 0.03 Value is TEL from MacDonald et al. 1996
Aroclor-1254 0.06 Value is TEL from MacDonald et al. 1996
Aroclor-1260 0.005 Value is TEL from MacDonald et al. 1996
Total PCBs 0.06 Value is TEC from MacDonald et al. 2000

Pesticides
4,4'-DDD 0.00488 MacDonald et al. 2000
4,4'-DDE 0.00316 MacDonald et al. 2000
4,4'-DDT 0.00416 MacDonald et al. 2000
Total DDTr 0.00000316 MacDonald et al. 2001
Alpha-Chlordane 0.00324 MacDonald et al. 2000
Beta-Bhc 0.00237 MacDonald et al. 2000; Value for Gamma BHC
Delta-Bhc 0.00237 MacDonald et al. 2000; Value for Gamma BHC
Dieldrin 0.0019 MacDonald et al. 2000
Endosulfan I 0.0029 Value is ET from OSWER 1996; based on 1% organic carbon
Endrin Ketone 0.00267 Value is ER-L from Long et al. 1995; value for endrin.
Gamma-Bhc (Lindane) 0.00237 MacDonald et al. 2000
Gamma-Chlordane 0.00324 MacDonald et al. 2000
Heptachlor 0.0003 MacDonald et al. 2000
Heptachlor Epoxide 0.00247 MacDonald et al. 2000

SVOCs
4-Chloroaniline NA ---

Bis(2-ethylhexyl)phthalate 890
Value is SQB calculated from Tier II secondary chronic value (Jones et

al. 1997) assuming 1% OC
Butylbenzylphthalate 11 Value is ET from OSWER 1996; based on 1% organic carbon
Caprolactam NA ---
Dimethylphthalate NA ---
Di-N-Butylphthalate 11 Value is ET from OSWER 1996; based on 1% organic carbon

VOCs
2-Butanone 2.9 DiToro at al. 2000 assuming 1% OC
Acetone 2.3 DiToro at al. 2000 assuming 1% OC
Acetophenone NA ---

Carbon disulfide 0.00085
Value is SQB calculated from Tier II secondary chronic value (Jones et

al. 1997) assuming 1% OC
Chloroform 5.59 DiToro at al. 2000 assuming 1% OC
Ethylbenzene 9.7 DiToro at al. 2000 assuming 1% OC
Styrene 9.18 DiToro at al. 2000 assuming 1% OC

NA - TRV not available
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1,2,3,4,6,7,8-HPCDD NA --- NA NA
1,2,3,4,6,7,8-HPCDF NA --- NA NA
1,2,3,4,7,8,9-HPCDF NA --- NA NA
1,2,3,4,7,8-HXCDD NA --- NA NA
1,2,3,4,7,8-HXCDF NA --- NA NA
1,2,3,6,7,8-HXCDD NA --- NA NA
1,2,3,6,7,8-HXCDF NA --- NA NA
1,2,3,7,8,9-HXCDD NA --- NA NA
1,2,3,7,8,9-HXCDF NA --- NA NA
1,2,3,7,8-PECDD NA --- NA NA
1,2,3,7,8-PECDF NA --- NA NA
2,3,4,6,7,8-HXCDF NA --- NA NA
2,3,4,7,8-PECDF NA --- NA NA
2,3,7,8-TCDD 0.00001 Value presented is the LOEL 0.005 0.1
2,3,7,8-TCDF NA --- NA NA
OCDD NA --- NA NA
OCDF NA --- NA NA
TOTAL HPCDD NA --- NA NA
TOTAL HPCDF NA --- NA NA
TOTAL HXCDD NA --- NA NA
TOTAL TCDF NA --- NA NA
WHOTEQ NA --- NA NA

Chloride 230000 NA NA
Cyanide (Total) 5.2 9.7 84
Nitrate As N NA --- NA NA
Nitrite As N NA --- NA NA
Sulfate NA --- NA NA

Metals

Aluminum 87 NA NA
Antimony 30 30 NA
Arsenic 150 National Ambient Water Quality Criteria; Value for total arsenic 150 440
Barium 4 Tier II value from Suter and Tsao 1996 NA NA
Beryllium 5.3 Value presented is the LOEL NA NA
Bromide NA --- NA NA
Cadmium 0.64 Hardness dependent criterion based on 400 mg/L hardness 1.47 87.61
Calcium NA --- NA NA
Chromium 230 Hardness dependent criterion based on 400 mg/L hardness (value for chromium III) 231 5950
Chromium (Hexavalent) NA --- NA NA
Cobalt 23 Tier II value from Suter and Tsao 1996 NA NA
Copper 29 Hardness dependent criterion based on 400 mg/L hardness 29.3 85.9
Fluoride NA --- NA NA
Iron 1000 NA NA
Lead 47 Hardness dependent criterion based on 400 mg/L hardness 281 10.9
Magnesium NA --- NA NA
Manganese 120 Tier II value from Suter and Tsao 1996 NA NA
Mercury 0.77 Value for total mercury (organic & inorganic) 2.4 5
Nickel 168 Hardness dependent criterion based on 400 mg/L hardness 1513 168
Potassium NA --- NA NA

Selenium 4.6
Value reflects the use of a conversion factor (0.922) suggested by USEPA (1999) to

convert total metal to dissolved metal criterion
2 33

Silver 34.9 Hardness dependent criterion based on 400 mg/L hardness NA 34.9
Sodium NA --- NA NA
Thallium 40 Value presented is the LOEL 150 NA
Vanadium 20 Tier II value from Suter and Tsao 1996 NA NA
Zinc 380 Hardness dependent criterion based on 400 mg/L hardness 379 3599

Total LWM PAHs NA --- NA NA
Total HWM PAHs NA --- NA NA

Aroclor-1242 0.014 0.002 11
Aroclor-1248 0.014 0.002 11
Aroclor-1254 0.014 0.002 11
Aroclor-1260 0.014 0.002 11
Total PCBs 0.014 0.002 11

AWQS Warm
Waters Surface

Water TRV
(ug/L)2

AWQS
Ephemeral

Surface Water
TRV (ug/L)2

Surface Water Toxicity Reference Values for Aquatic and Benthic Organism Exposures
Table 7-11

Chemical
Surface

Water TRV
(ug/L)

Source for Surface Water TRVs1

Dioxins/Furins

Inorganics

PAHs

PCBs
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AWQS Warm
Waters Surface

Water TRV
(ug/L)2

AWQS
Ephemeral

Surface Water
TRV (ug/L)2

Surface Water Toxicity Reference Values for Aquatic and Benthic Organism Exposures
Table 7-11

Chemical
Surface

Water TRV
(ug/L)

Source for Surface Water TRVs1

Dioxins/Furins

4,4'-DDD 0.011 Tier II value from Suter and Tsao 1996 0.001 1.1
4,4'-DDE NA --- 0.001 1.1
4,4'-DDT 0.001 0.001 1.1
DDTr 0.001 1.1
Alpha-Chlordane 0.0043 Value for chlordane 0.2 3.2
Beta-Bhc 2.2 Tier II value from Suter and Tsao 1996 (value for BHC) NA NA
Delta-Bhc 2.2 Tier II value from Suter and Tsao 1996 (value for BHC) NA NA
Dieldrin 0.056 0.06 4
Endosulfan I 0.056 0.06 3
Endrin Ketone 0.036 Value for endrin 0.04 0.7
Gamma-Bhc (Lindane) 0.08 NA NA
Gamma-Chlordane 0.0043 Value for chlordane 0.2 3.2
Heptachlor 0.0038 0.004 0.9
Heptachlor Epoxide 0.0038 0.004 0.9

4-Chloroaniline NA --- NA NA
Bis(2-ethylhexyl)phthalate 160 Value presented is the LOEL NA NA
Butylbenzylphthalate 19 Tier II value from Suter and Tsao 1996 130 NA
Diethyl phthalate 210 Tier II value from Suter and Tsao 1996 1600 NA
Dimethylphthalate 210 Tier II value from Suter and Tsao 1996 1000 NA
Di-N-Butylphthalate 35 Tier II value from Suter and Tsao 1996 NA NA

VOCs

2-Butanone 14000 Tier II value from Suter and Tsao 1996 NA NA
Acetone 1500 Tier II value from Suter and Tsao 1996 NA NA
Acetophenone 520 Value presented is the LOEL NA NA
Carbon disulfide 0.92 Tier II value from Suter and Tsao 1996 NA NA
Chloroform 1240 Value presented is the LOEL 900 NA
Ethylbenzene 7.3 Tier II value from Suter and Tsao 1996 1400 NA
Styrene NA --- 370 NA

1 - Unless otherwise noted, values are from National Ambient Water Quality Criteria.
2 - Values from Arizona Water Quality Standards (AWQS) provided for comparison only; all risk assessment models were run using values from Surface Water TRV column.

NA - TRV not available

Pesticides

SVOCs
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Table 7-12
Dose-based Toxicity Reference Values for Mammals

Chemical

Mammalia
n NOAEL
(mg/kg-bw

day)

Mammalian NOAEL
Source and Notes

Mammalian
LOAEL

(mg/kg-bw
day)

Mammalian LOAEL Source and Notes

OCDD NA --- NA ---
OCDF NA --- NA ---
Total HpCDD NA --- NA ---
Total HpCDF NA --- NA ---
Total HxCDD NA --- NA ---
Total HxCDF NA --- NA ---
Total PeCDD NA --- NA ---
Total PeCDF NA --- NA ---
Total TCDD 0.000001 ORNL, 1996 0.00001 ORNL, 1996
Total TCDF NA --- NA ---

Chloride NA --- NA ---
Cyanide (Total) 68.7 ORNL, 1996 NA ---
Nitrate As N 507 ORNL, 1996 1130 ORNL, 1996
Nitrite As N NA --- NA ---
Sulfate NA --- NA ---

Metals
Aluminum 1.93 ORNL, 1996 19.3 ORNL, 1996
Antimony 0.059 EcoSSL, 2005a 1.25 ORNL, 1996
Arsenic 1.04 EcoSSL, 2005b 1.26 ORNL, 1996
Barium 51.8 EcoSSL, 2005c 436.00 Derived from Data in EcoSSL, 2005c
Beryllium 0.532 EcoSSL, 2005d NA ---
Bromide NA --- NA ---
Cadmium 0.77 EcoSSL, 2005e 10 ORNL, 1996
Calcium NA --- NA ---
Chromium 2.4 EcoSSL (trivalent), 2008a 13.14 ORNL, 1996
Chromium (Hexavalent) 9.24 EcoSSL (hexavalent), 2008a NA ---
Cobalt 7.33 EcoSSL, 2005f 118 Derived from Data in EcoSSL, 2005f
Copper 5.6 EcoSSL, 2007a 15.4 ORNL, 1996
Fluoride NA --- NA ---
Iron NA --- NA ---
Lead 4.7 EcoSSL, 2005g 80 ORNL, 1996
Magnesium NA --- NA ---
Manganese 51.5 EcoSSL, 2007d 284 ORNL, 1996
Mercury 13.2 ORNL, 1996 NA ---
Nickel 1.7 EcoSSL, 2007e 80 ORNL, 1996
Potassium NA --- NA ---
Selenium 0.143 EcoSSL, 2007h 0.33 ORNL, 1996
Silver 6.02 EcoSSL, 2006 116.00 Derived from Data in EcoSSL, 2006
Sodium NA --- NA ---
Thallium 0.0074 ORNL, 1996 0.074 ORNL, 1996
Vanadium 4.16 EcoSSL, 2005h NA ---
Zinc 75.4 EcoSSL, 2007i 320 ORNL, 1996

Total HWM PAHs 0.615 EcoSSL, 2007g 10.8 Derived from data in EcoSSL, 2007g

Total LWM PAHs 65.6 EcoSSL, 2007g 434 Derived from data in EcoSSL, 2007g

Aroclor-1242 0.069 ORNL, 1996 0.69 ORNL, 1996
Aroclor-1248 0.01 ORNL, 1996 0.1 ORNL, 1996
Aroclor-1254 0.068 ORNL, 1996 0.68 ORNL, 1996
Aroclor-1260 NA --- NA ---

Dioxins/Furins

Inorganics

PAHs

PCBs
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Table 7-12
Dose-based Toxicity Reference Values for Mammals

Chemical

Mammalia
n NOAEL
(mg/kg-bw

day)

Mammalian NOAEL
Source and Notes

Mammalian
LOAEL

(mg/kg-bw
day)

Mammalian LOAEL Source and Notes

Dioxins/Furins

4,4'-DDD 0.147 EcoSSL, 2007c 4 ORNL, 1996
4,4'-DDE 0.147 EcoSSL, 2007c 4 ORNL, 1996
4,4'-DDT 0.147 EcoSSL, 2007c 4 ORNL, 1996
DDTr 0.147 EcoSSL, 2007c 4 ORNL, 1996
Alpha-Chlordane 4.6 ORNL, 1996 9.2 ORNL, 1996 (based on chlordane)
Beta-Bhc 0.4 ORNL, 1996 2 ORNL, 1996
Delta-Bhc 1.6 ORNL, 1996 3.2 ORNL, 1996 (based on BHC-mixed isomers)
Dieldrin 0.015 EcoSSL, 2007b 0.2 ORNL, 1996
Endosulfan I 0.15 ORNL, 1996 NA ---
Endrin Ketone 0.092 ORNL, 1996 0.92 ORNL, 1996 (based on endrin)
Gamma-Bhc (Lindane) 8 ORNL, 1996 NA ---
Gamma-Chlordane 4.6 ORNL, 1996 9.2 ORNL, 1996 (based on chlordane)
Heptachlor 0.1 ORNL, 1996 1 ORNL, 1996
Heptachlor Epoxide 0.1 ORNL, 1996 1 ORNL, 1996 (based on heptachlor)

4-Chloroaniline NA --- NA ---
Bis(2-ethylhexyl)phthalate 18.3 ORNL, 1996 183 ORNL, 1996
Butylbenzylphthalate NA --- NA ---
Diethylphthalate 4583 ORNL, 1996 NA ---
Dimethylphthalate NA --- NA ---
Di-N-Butylphthalate 550 ORNL, 1996 1833 ORNL, 1996

VOCs
2-Butanone NA --- NA ---
Acetone 10 ORNL, 1996 50 ORNL, 1996
Acetophenone NA --- NA ---
Carbon disulfide NA --- NA ---
Chloroform 15 ORNL, 1996 41 ORNL, 1996
Ethylbenzene NA --- NA ---
Styrene NA --- NA ---

SVOCs

Pesticides
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Table 7-13
Dose-based Toxicity Reference Values for Birds

Chemical

Avian
NOAEL

(mg/kg-bw
day)

Avian NOAEL Source
and Notes

Avian
LOAEL

(mg/kg-bw
day)

Avian LOAEL Source and Notes

OCDD 1.40E-05 ORNL, 1996 1.40E-04 ORNL, 1996
OCDF 1.00E-06 ORNL, 1996 NA ---
Total HpCDD NA --- NA ---
Total HpCDF NA --- NA ---
Total HxCDD NA --- NA ---
Total HxCDF NA --- NA ---
Total PeCDD NA --- NA ---
Total PeCDF NA --- NA ---
Total TCDD 1.40E-05 ORNL, 1996 1.40E-04 ORNL, 1996
Total TCDF NA --- NA ---

Chloride NA --- NA ---
Cyanide (Total) NA --- NA ---
Nitrate As N NA --- NA ---
Nitrite As N NA --- NA ---
Sulfate NA --- NA ---

Aluminum 1.10E+02 ORNL, 1996 NA ---
Antimony 5.10E+00 EcoSSL, 2005a 1.28E+01 ORNL, 1996
Arsenic 2.24E+00 EcoSSL, 2005b 7.40E+00 ORNL, 1996
Barium 2.08E+01 ORNL, 1996 4.17E+01 ORNL, 1996
Beryllium NA --- NA ---
Bromide NA --- NA ---
Cadmium 1.45E+00 EcoSSL, 2005e 2.00E+01 ORNL, 1996
Calcium NA --- NA ---
Chromium 2.66E+00 EcoSSL (trivalent), 2008a 5.00E+00 ORNL, 1996
Chromium (Hexavalent) NA --- NA ---
Cobalt 7.61E+00 EcoSSL, 2005f 2.67E+01 Derived from Data in EcoSSL, 2005f
Copper 4.05E+00 EcoSSL, 2007a 6.17E+01 ORNL, 1996
Fluoride NA --- NA ---
Iron NA --- NA ---
Lead 1.63E+00 EcoSSL, 2005g 1.13E+01 ORNL, 1996
Magnesium NA --- NA ---
Manganese 9.97E+02 ORNL, 1996 NA ---
Mercury 4.50E-01 ORNL, 1996 9.00E-01 ORNL, 1996
Nickel 7.74E+01 ORNL, 1996 1.07E+02 ORNL, 1996
Potassium NA --- NA ---
Selenium 5.00E-01 ORNL, 1996 1.00E+00 ORNL, 1996
Silver 2.02 EcoSSL, 2006 6.05E+01 Derived from Data in EcoSSL, 2006
Sodium NA --- NA ---
Thallium 3.50E-01 Derived NA ---
Vanadium 3.44E-01 EcoSSL, 2005h NA ---
Zinc 6.61E+01 EcoSSL, 2007i 1.31E+02 ORNL, 1996

Total HWM PAHs 3.37E+00 ORNL, 1996 3.37E+01 ORNL, 1996
Total LWM PAHs 3.37E+00 ORNL, 1996 3.37E+01 ORNL, 1996

Aroclor-1242 4.10E-01 ORNL, 1996 NA ---
Aroclor-1248 1.80E-01 ORNL, 1996 1.40E+02 ORNL, 1996
Aroclor-1254 1.80E-01 ORNL, 1996 1.80E+00 ORNL, 1996
Aroclor-1260 1.80E-01 ORNL, 1996 9.88E+01 ORNL, 1996

Dioxins/Furins

Inorganics

PAHs

PCBs

Metals
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Table 7-13
Dose-based Toxicity Reference Values for Birds

Chemical

Avian
NOAEL

(mg/kg-bw
day)

Avian NOAEL Source
and Notes

Avian
LOAEL

(mg/kg-bw
day)

Avian LOAEL Source and Notes

Dioxins/Furins

4,4'-DDD 2.27E-01 EcoSSL, 2007c NA ---
4,4'-DDE 2.27E-01 EcoSSL, 2007c NA ---
4,4'-DDT 2.27E-01 EcoSSL, 2007c NA ---
DDTr 2.27E-01 EcoSSL, 2007c NA ---
Alpha-Chlordane 2.10E+00 ORNL, 1996 1.07E+01 ORNL, 1996 (based on chlordane)
Beta-Bhc 5.60E-01 ORNL, 1996 2.25E+00 ORNL, 1996
Delta-Bhc 5.60E-01 ORNL, 1996 2.25E+00 ORNL, 1996 (based on BHC-mixed isomers)
Dieldrin 7.09E-02 EcoSSL, 2007b 1.00E+01 ORNL, 1996
Endosulfan I 1.00E+01 ORNL, 1996 NA ---
Endrin Ketone 1.00E-02 ORNL, 1996 1.00E-01 ORNL, 1996 (based on endrin)
Gamma-Bhc (Lindane) 2.00E+00 ORNL, 1996 2.00E+01 ORNL, 1996
Gamma-Chlordane 2.10E+00 ORNL, 1996 1.07E+01 ORNL, 1996 (based on chlordane)
Heptachlor 9.90E-01 Derived NA ---
Heptachlor Epoxide 9.90E-01 Derived NA ---

4-Chloroaniline 1.00E+01 Derived NA ---
Bis(2-ethylhexyl)phthalate 1.10E+00 ORNL, 1996 7.63E+02 ORNL, 1996
Butylbenzylphthalate 1.10E-01 ORNL, 1996 1.10E+00 ORNL, 1996
Diethylphthalate 1.10E-01 ORNL, 1996 1.10E+00 ORNL, 1996
Dimethylphthalate 1.10E-01 ORNL, 1996 1.10E+00 ORNL, 1996
Di-N-Butylphthalate 1.10E-01 ORNL, 1996 1.10E+00 ORNL, 1996

VOCs

2-Butanone NA --- NA ---
Acetone NA --- NA ---
Acetophenone NA --- NA ---
Carbon disulfide NA --- NA ---
Chloroform NA --- NA ---
Ethylbenzene NA --- NA ---
Styrene NA --- NA ---

SVOCs

Pesticides
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Table 7-14
Frequency of Detection and Exposure Point Concentrations

for the West Exposure Grouping

Analyte Surface Soil Surface Water Accessible for Drinking
by Wildlife (Total Concentrations) Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(mg/L)

Mean (mg/L) Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Frequency Maximum
(ug/L)

Mean
(ug/L)

INORGANICS

CYANIDE (TOTAL) 51 / 206 6.50E+00 3.77E-01 6 / 18 1.83E-01 4.69E-02 -- -- -- -- -- -- 6 / 18 1.83E+02 4.69E+01

NITRATE AS N 27 / 43 9.70E+02 8.03E+01 3 / 4 4.40E-03 -- -- -- -- -- -- -- 3 / 4 4.40E+00 --

NITRITE AS N -- -- -- 1 / 4 1.10E-02 -- -- -- -- -- -- -- 1 / 4 1.10E+01 --

SULFATE 45 / 45 4.20E+04 1.10E+04 4 / 4 2.70E+01 -- -- -- -- -- -- -- 4 / 4 2.70E+04 --

METALS

ALUMINUM 180 / 180 2.89E+04 1.45E+04 18 / 18 9.69E+02 2.55E+02 18/18 2.65E+04 1.48E+04 6 / 10 9.64E+05 5.37E+05 18 / 18 9.69E+05 2.55E+05

ANTIMONY 128 / 219 1.89E+02 2.38E+01 11 / 18 5.56E-01 9.10E-02 19/20 1.89E+02 4.11E+01 7 / 10 5.63E+02 1.38E+02 11 / 18 5.56E+02 9.10E+01

ARSENIC 264 / 264 1.20E+04 1.08E+03 18 / 18 1.91E+02 3.26E+01 20/20 6.92E+03 3.12E+03 10 / 10 2.05E+05 5.87E+04 18 / 18 1.91E+05 3.26E+04

BARIUM 199 / 205 3.42E+02 1.18E+02 12 / 18 3.29E+00 1.09E+00 20/20 2.73E+02 1.27E+02 4 / 10 2.89E+01 2.36E+01 12 / 18 3.29E+03 1.09E+03

BERYLLIUM 120 / 199 7.20E-01 3.35E-01 14 / 18 1.46E-02 8.01E-03 12/18 6.10E-01 3.97E-01 6 / 10 1.43E+01 1.00E+01 14 / 18 1.46E+01 8.01E+00

BROMIDE -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

CADMIUM 180 / 226 5.43E+01 8.08E+00 18 / 18 2.88E+00 7.88E-01 20/20 4.07E+01 1.24E+01 10 / 10 2.88E+03 1.33E+03 18 / 18 2.88E+03 7.88E+02

CALCIUM 201 / 201 6.45E+04 1.97E+04 18 / 18 6.63E+02 3.02E+02 20/20 4.07E+04 1.83E+04 10 / 10 6.33E+05 3.89E+05 18 / 18 6.63E+05 3.02E+05

CHROMIUM 223 / 223 8.86E+01 1.59E+01 15 / 18 5.72E-01 1.52E-01 20/20 2.91E+01 1.66E+01 7 / 10 5.68E+02 2.60E+02 15 / 18 5.72E+02 1.52E+02

COBALT 178 / 180 5.82E+01 1.49E+01 18 / 18 1.32E+00 3.84E-01 18/18 2.19E+01 1.20E+01 10 / 10 1.31E+03 6.05E+02 18 / 18 1.32E+03 3.84E+02

COPPER 223 / 223 1.18E+03 1.47E+02 18 / 18 4.72E+01 8.37E+00 20/20 5.51E+02 2.45E+02 9 / 10 4.48E+04 1.58E+04 18 / 18 4.72E+04 8.37E+03

FLUORIDE -- -- -- 1 / 1 1.40E-02 -- -- -- -- -- -- -- 1 / 1 1.40E+01 --

IRON 205 / 205 1.93E+05 5.73E+04 17 / 18 1.30E+04 1.53E+03 20/20 1.73E+05 9.24E+04 9 / 11 1.19E+07 2.32E+06 17 / 18 1.30E+07 1.53E+06

LEAD 254 / 282 1.67E+04 1.26E+03 18 / 18 1.02E+01 1.06E+00 20/20 1.05E+04 3.33E+03 7 / 10 8.85E+02 3.34E+02 18 / 18 1.02E+04 1.06E+03

MAGNESIUM 180 / 180 2.41E+04 8.23E+03 18 / 18 1.44E+03 4.11E+02 18/18 1.35E+04 8.00E+03 10 / 10 1.42E+06 6.10E+05 18 / 18 1.44E+06 4.11E+05

MANGANESE 184 / 184 1.86E+03 6.80E+02 18 / 18 5.06E+01 1.76E+01 18/18 1.07E+03 5.05E+02 10 / 10 4.98E+04 2.44E+04 18 / 18 5.06E+04 1.76E+04

MERCURY 218 / 278 6.50E+01 5.74E+00 15 / 19 8.01E-02 8.26E-03 20/20 4.94E+01 1.36E+01 3 / 10 1.20E+00 4.73E-01 15 / 19 8.01E+01 8.26E+00

NICKEL 198 / 198 4.70E+01 1.36E+01 18 / 18 8.99E-01 2.54E-01 18/18 3.37E+01 1.77E+01 10 / 10 8.78E+02 3.83E+02 18 / 18 8.99E+02 2.54E+02

POTASSIUM 168 / 180 3.27E+03 1.33E+03 10 / 18 4.62E+01 2.40E+01 18/18 2.60E+03 1.41E+03 4 / 10 2.61E+04 1.78E+04 10 / 18 4.62E+04 2.40E+04

SELENIUM 151 / 224 9.01E+01 1.56E+01 16 / 18 7.46E-01 1.81E-01 20/20 7.25E+01 3.10E+01 10 / 10 7.31E+02 2.73E+02 16 / 18 7.46E+02 1.81E+02

SILVER 183 / 225 1.02E+02 7.97E+00 7 / 18 3.79E-02 9.64E-03 20/20 6.32E+01 1.71E+01 -- -- -- 7 / 18 3.79E+01 9.64E+00

SODIUM 176 / 180 1.02E+03 2.20E+02 18 / 19 4.59E+01 9.94E+00 17/18 4.84E+02 2.07E+02 10 / 10 4.48E+04 1.33E+04 18 / 19 4.59E+04 9.94E+03

THALLIUM 105 / 228 1.74E+01 4.16E+00 3 / 18 2.30E-03 1.67E-03 19/20 1.74E+01 7.85E+00 -- -- -- 3 / 18 2.30E+00 1.67E+00

VANADIUM 180 / 180 1.55E+02 5.84E+01 16 / 18 2.05E+00 2.80E-01 18/18 1.55E+02 6.02E+01 7 / 10 2.06E+03 4.75E+02 16 / 18 2.05E+03 2.80E+02

ZINC 222 / 223 1.64E+04 2.00E+03 18 / 18 1.61E+03 3.68E+02 20/20 1.44E+04 4.38E+03 10 / 10 1.74E+06 6.61E+05 18 / 18 1.61E+06 3.68E+05

PAHS

BENZO(A)ANTHRACENE 1/11 7.60E-02 4.37E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(A)PYRENE 1/11 7.00E-02 4.36E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(B)FLUORANTHENE 1/11 5.50E-02 4.35E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(G,H,I)PERYLENE 1/11 2.20E-02 4.32E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(K)FLUORANTHENE 1/11 5.60E-02 4.35E-01 -- -- -- -- -- -- -- -- -- -- -- --

CHRYSENE 1/11 1.10E-01 4.40E-01 -- -- -- -- -- -- -- -- -- -- -- --

FLUORANTHENE 1/11 9.90E-02 4.39E-01 -- -- -- -- -- -- -- -- -- -- -- --

INDENO(1,2,3-CD)PYRENE 1/11 2.50E-02 4.32E-01 -- -- -- -- -- -- -- -- -- -- -- --

PHENANTHRENE 1/11 2.30E-02 4.32E-01 -- -- -- -- -- -- -- -- -- -- -- --

PYRENE 1/11 1.00E-01 4.39E-01 -- -- -- -- -- -- -- -- -- -- -- --

TOTAL HMW PAH 1/1 5.14E-01 5.14E-01 -- -- -- -- -- -- -- -- -- -- -- --

TOTAL LMW PAH 1/1 1.22E-01 1.22E-01 -- -- -- -- -- -- -- -- -- -- -- --
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Table 7-14
Frequency of Detection and Exposure Point Concentrations

for the West Exposure Grouping

Analyte Surface Soil Surface Water Accessible for Drinking
by Wildlife (Total Concentrations) Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(mg/L)

Mean (mg/L) Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Frequency Maximum
(ug/L)

Mean
(ug/L)

PCBS

AROCLOR-1242 1/12 1.70E-01 6.12E-02 -- -- -- -- -- -- -- -- -- -- -- --

AROCLOR-1254 1/12 6.70E-02 5.26E-02 -- -- -- -- -- -- -- -- -- -- -- --

AROCLOR-1260 3/12 2.20E-01 6.49E-02 -- -- -- -- -- -- -- -- -- -- -- --

Total PCBS 4/4 2.37E-01 1.31E-01 -- -- -- -- -- -- -- -- -- -- -- --

PESTICIDES

4,4'-DDD 3/11 1.40E-02 4.74E-03 -- -- -- -- -- -- -- -- -- -- -- --

4,4'-DDE 2/11 4.90E-03 3.70E-03 -- -- -- -- -- -- -- -- -- -- -- --

4,4'-DDT 3/11 3.40E-03 3.46E-03 -- -- -- -- -- -- -- -- -- -- -- --

Total DDTr 3/3 1.89E-02 1.26E-02 -- -- -- -- -- -- -- -- -- -- -- --

ALPHA-CHLORDANE 2/11 4.40E-03 2.05E-03 -- -- -- -- -- -- -- -- -- -- -- --

BETA-BHC 2/11 5.80E-03 2.25E-03 -- -- -- -- -- -- -- -- -- -- -- --

DELTA-BHC 1/11 3.50E-03 2.05E-03 -- -- -- -- -- -- -- -- -- -- -- --

DIELDRIN 2/11 3.60E-03 3.60E-03 -- -- -- -- -- -- -- -- -- -- -- --

ENDRIN KETONE 1/11 3.20E-03 3.69E-03 -- -- -- -- -- -- -- -- -- -- -- --

GAMMA-BHC (LINDANE) 1/11 1.70E-03 1.88E-03 -- -- -- -- -- -- -- -- -- -- -- --

GAMMA-CHLORDANE 2/11 3.90E-03 2.05E-03 -- -- -- -- -- -- -- -- -- -- -- --

HEPTACHLOR 1/11 4.30E-03 2.12E-03 -- -- -- -- -- -- -- -- -- -- -- --

SEMIVOLATILES

4-CHLOROANILINE 1/11 4.30E-02 4.33E-01 -- -- -- -- -- -- -- -- -- -- -- --

BIS(2-ETHYLHEXYL)PHTHALATE 10/11 4.60E+00 4.97E-01 -- -- -- -- -- -- -- -- -- -- -- --

BUTYLBENZYLPHTHALATE 3/11 3.40E+02 3.11E+01 -- -- -- -- -- -- -- -- -- -- -- --

CAPROLACTAM 5/11 8.00E-02 3.91E-01 -- -- -- -- -- -- -- -- -- -- -- --

DIMETHYLPHTHALATE 1/11 7.20E-02 4.37E-01 -- -- -- -- -- -- -- -- -- -- -- --

DI-N-BUTYLPHTHALATE 1/11 3.60E+00 5.01E-01 -- -- -- -- -- -- -- -- -- -- -- --

VOLATILES

2-BUTANONE 2/5 1.00E-02 9.16E-03 -- -- -- -- -- -- -- -- -- -- -- --

ACETONE 2/5 3.30E-02 1.79E-02 -- -- -- -- -- -- -- -- -- -- -- --

ACETOPHENONE 4/11 6.00E-02 3.91E-01 -- -- -- -- -- -- -- -- -- -- -- --

CARBON DISULFIDE 1/5 1.80E-03 4.00E-03 -- -- -- -- -- -- -- -- -- -- -- --

CHLOROFORM 1/5 8.80E-03 5.26E-03 -- -- -- -- -- -- -- -- -- -- -- --

ETHYLBENZENE 2/5 3.90E-03 3.98E-03 -- -- -- -- -- -- -- -- -- -- -- --

STYRENE 1/5 3.50E-03 4.34E-03 -- -- -- -- -- -- -- -- -- -- -- --
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Table 7-15
Comparison of Exposure Point Concentrations (EPCs) in Soil to Plant Toxicity Reference Values

for the West Exposure Grouping

Chemical
Plant Toxicity

Reference Value
(mg/kg dry wt)

Maximum EPC
(mg/kg dry wt)

Hazard Quotient for
Maximum EPC

Mean EPC (mg/kg
dry wt)

Hazard Quotient for
Mean EPC

Background
95% UCL

Mean

DIOXINS

2,3,7,8-TCDD NA -- -- -- -- 1.28E-09

INORGANICS

CYANIDE (TOTAL) NA 6.50E+00 -- 0.377 -- --
NITRATE AS N NA 9.70E+02 -- 80.28 -- --
SULFATE NA 4.20E+04 -- 10972 -- --

METALS

ALUMINUM 5.00E+01 2.89E+04 5.78E+02 1.45E+04 2.89E+02 3.08E+04
ANTIMONY 5.00E+00 1.89E+02 3.78E+01 2.38E+01 4.76E+00 7.21E+00
ARSENIC 1.80E+01 1.20E+04 6.67E+02 1.08E+03 5.99E+01 3.13E+01
BARIUM 5.00E+02 3.42E+02 6.84E-01 1.18E+02 2.36E-01 7.41E+02
BERYLLIUM 1.00E+01 7.20E-01 7.20E-02 3.35E-01 3.35E-02 7.99E-01
CADMIUM 3.20E+01 5.43E+01 1.70E+00 8.08E+00 2.53E-01 3.72E-01
CALCIUM NA 6.45E+04 -- 1.97E+04 -- 1.50E+04
CHROMIUM 1.00E+00 8.86E+01 8.86E+01 1.59E+01 1.59E+01 3.13E+01
COBALT 1.30E+01 5.82E+01 4.48E+00 1.49E+01 1.14E+00 3.25E+01
COPPER 7.00E+01 1.18E+03 1.69E+01 1.47E+02 2.09E+00 8.66E+01
IRON NA 1.93E+05 -- 5.73E+04 -- 4.20E+04
LEAD 1.20E+02 1.67E+04 1.39E+02 1.26E+03 1.05E+01 3.05E+01
MAGNESIUM NA 2.41E+04 -- 8.23E+03 -- 2.31E+04
MANGANESE 2.20E+02 1.86E+03 8.45E+00 6.80E+02 3.09E+00 1.03E+03
MERCURY 3.00E-01 6.50E+01 2.17E+02 5.74E+00 1.91E+01 9.77E-02
NICKEL 3.80E+01 4.70E+01 1.24E+00 1.36E+01 3.59E-01 2.51E+02
POTASSIUM NA 3.27E+03 -- 1.33E+03 -- 1.37E+03
SELENIUM 5.20E-01 9.01E+01 1.73E+02 1.56E+01 3.01E+01 8.84E-01
SILVER 5.60E+02 1.02E+02 1.82E-01 7.97E+00 1.42E-02 1.53E+00
SODIUM NA 1.02E+03 -- 2.20E+02 -- 3.71E+03
THALLIUM 1.00E+00 1.74E+01 1.74E+01 4.16E+00 4.16E+00 3.24E+00
VANADIUM 2.00E+00 1.55E+02 7.75E+01 5.84E+01 2.92E+01 1.22E+02
ZINC 1.60E+02 1.64E+04 1.03E+02 2.00E+03 1.25E+01 1.21E+02

PAHS

TOTAL HMW PAH 2.00E+04 5.14E-01 2.57E-05 5.14E-01 2.57E-05 --

TOTAL LMW PAH 2.00E+04 1.22E-01 6.10E-06 1.22E-01 6.10E-06 --

PCBS

AROCLOR-1242 4.00E+04 1.70E-01 4.25E-06 6.12E-02 1.53E-06 --

AROCLOR-1254 4.00E+04 6.70E-02 1.68E-06 5.26E-02 1.31E-06 --

AROCLOR-1260 4.00E+04 2.20E-01 5.50E-06 6.49E-02 1.62E-06 --

Total PCBS 4.00E+04 2.37E-01 5.93E-06 1.31E-01 3.28E-06 --

PESTICIDES

4,4'-DDD NA 1.40E-02 -- 4.74E-03 -- --

4,4'-DDE NA 4.90E-03 -- 3.70E-03 -- --

4,4'-DDT NA 3.40E-03 -- 3.46E-03 -- --

Total DDTr NA 1.89E-02 -- 1.26E-02 -- --

ALPHA-CHLORDANE NA 4.40E-03 -- 2.05E-03 -- --

BETA-BHC NA 5.80E-03 -- 2.25E-03 -- --

DELTA-BHC NA 3.50E-03 -- 2.05E-03 -- --

DIELDRIN NA 3.60E-03 -- 3.60E-03 -- --

ENDRIN KETONE NA 3.20E-03 -- 3.69E-03 -- --

GAMMA-BHC (LINDANE) NA 1.70E-03 -- 1.88E-03 -- --

GAMMA-CHLORDANE NA 3.90E-03 -- 2.05E-03 -- --

HEPTACHLOR NA 4.30E-03 -- 2.12E-03 -- --
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Table 7-15
Comparison of Exposure Point Concentrations (EPCs) in Soil to Plant Toxicity Reference Values

for the West Exposure Grouping

Chemical
Plant Toxicity

Reference Value
(mg/kg dry wt)

Maximum EPC
(mg/kg dry wt)

Hazard Quotient for
Maximum EPC

Mean EPC (mg/kg
dry wt)

Hazard Quotient for
Mean EPC

Background
95% UCL

Mean

SEMIVOLATILES

4-CHLOROANILINE NA 4.30E-02 -- 4.33E-01 -- --

BIS(2-ETHYLHEXYL)PHTHALATE1.00E+05 4.60E+00 4.60E-05 4.97E-01 4.97E-06 --

BUTYLBENZYLPHTHALATE 1.00E+05 3.40E+02 3.40E-03 3.11E+01 3.11E-04 --

CAPROLACTAM NA 8.00E-02 -- 3.91E-01 -- --

DIMETHYLPHTHALATE 1.00E+05 7.20E-02 7.20E-07 4.37E-01 4.37E-06 --

DI-N-BUTYLPHTHALATE 2.00E+05 3.60E+00 1.80E-05 5.01E-01 2.50E-06 --

VOLATILES

2-BUTANONE NA 1.00E-02 -- 9.16E-03 -- --

ACETONE NA 3.30E-02 -- 1.79E-02 -- --

ACETOPHENONE NA 6.00E-02 -- 3.91E-01 -- --

CARBON DISULFIDE NA 1.80E-03 -- 4.00E-03 -- --

CHLOROFORM NA 8.80E-03 -- 5.26E-03 -- --

ETHYLBENZENE NA 3.90E-03 -- 3.98E-03 -- --

STYRENE 3.00E+05 3.50E-03 1.17E-08 4.34E-03 1.45E-08 --

Bold = value exceeds the TRV
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Table 7-16
Comparison of Exposure Point Concentrations (EPCs) in Soil to Soil Invertebrate Toxicity Reference Values

for the West Exposure Grouping

Chemical

Invertebrate
Toxicity

Reference Value
(mg/kg dry wt)

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Mean Exposure Point
Concentration (mg/kg dry

wt)

Hazard Quotient
for Mean EPC

Background
95% UCL

Mean

DIOXINS

2,3,7,8-TCDD 5.00E-01 -- -- -- -- 1.28E-09

INORGANICS

CYANIDE (TOTAL) NA 6.50E+00 -- 3.77E-01 -- --
NITRATE AS N NA 9.70E+02 -- 8.03E+01 -- --
SULFATE NA 4.20E+04 -- 1.10E+04 -- --

METALS

ALUMINUM NA 2.89E+04 -- 1.45E+04 -- 3.08E+04
ANTIMONY 78 1.89E+02 2.42E+00 2.38E+01 3.05E-01 7.21E+00
ARSENIC 60 1.20E+04 2.00E+02 1.08E+03 1.80E+01 3.13E+01
BARIUM 330 3.42E+02 1.04E+00 1.18E+02 3.57E-01 7.41E+02
BERYLLIUM 40 7.20E-01 1.80E-02 3.35E-01 8.38E-03 7.99E-01
CADMIUM 140 5.43E+01 3.88E-01 8.08E+00 5.77E-02 3.72E-01
CALCIUM NA 6.45E+04 -- 1.97E+04 -- 1.50E+04
CHROMIUM 0.4 8.86E+01 2.22E+02 1.59E+01 3.97E+01 3.13E+01
COBALT NA 5.82E+01 -- 1.49E+01 -- 3.25E+01
COPPER 80 1.18E+03 1.48E+01 1.47E+02 1.83E+00 8.66E+01
IRON NA 1.93E+05 -- 5.73E+04 -- 4.20E+04
LEAD 1700 1.67E+04 9.82E+00 1.26E+03 7.42E-01 3.05E+01
MAGNESIUM NA 2.41E+04 -- 8.23E+03 -- 2.31E+04
MANGANESE 450 1.86E+03 4.13E+00 6.80E+02 1.51E+00 1.03E+03
MERCURY 0.1 6.50E+01 6.50E+02 5.74E+00 5.74E+01 9.77E-02
NICKEL 280 4.70E+01 1.68E-01 1.36E+01 4.87E-02 2.51E+02
POTASSIUM NA 3.27E+03 -- 1.33E+03 -- 1.37E+03
SELENIUM 4.1 9.01E+01 2.20E+01 1.56E+01 3.81E+00 8.84E-01
SILVER NA 1.02E+02 -- 7.97E+00 -- 1.53E+00
SODIUM NA 1.02E+03 -- 2.20E+02 -- 3.71E+03
THALLIUM NA 1.74E+01 -- 4.16E+00 -- 3.24E+00
VANADIUM NA 1.55E+02 -- 5.84E+01 -- 1.22E+02
ZINC 120 1.64E+04 1.37E+02 2.00E+03 1.66E+01 1.21E+02

PAHS

TOTAL HMW PAH 18000 5.14E-01 2.86E-05 5.14E-01 2.86E-05 --

TOTAL LMW PAH 29000 1.22E-01 4.21E-06 1.22E-01 4.21E-06 --

PCBS

AROCLOR-1242 2510 1.70E-01 6.77E-05 6.12E-02 2.44E-05 --

AROCLOR-1254 2510 6.70E-02 2.67E-05 5.26E-02 2.09E-05 --

AROCLOR-1260 2510 2.20E-01 8.76E-05 6.49E-02 2.59E-05 --

Total PCBS 2510 2.37E-01 9.44E-05 1.31E-01 5.22E-05 --

PESTICIDES

4,4'-DDD 1500 1.40E-02 9.33E-06 4.74E-03 3.16E-06 --

4,4'-DDE 1500 4.90E-03 3.27E-06 3.70E-03 2.47E-06 --

4,4'-DDT 1500 3.40E-03 2.27E-06 3.46E-03 2.31E-06 --

Total DDTr 1500 1.89E-02 1.26E-05 1.26E-02 8.38E-06 --

ALPHA-CHLORDANE NA 4.40E-03 -- 2.05E-03 -- --

BETA-BHC NA 5.80E-03 -- 2.25E-03 -- --

DELTA-BHC NA 3.50E-03 -- 2.05E-03 -- --

DIELDRIN NA 3.60E-03 -- 3.60E-03 -- --

ENDRIN KETONE NA 3.20E-03 -- 3.69E-03 -- --

GAMMA-BHC (LINDANE) NA 1.70E-03 -- 1.88E-03 -- --

GAMMA-CHLORDANE NA 3.90E-03 -- 2.05E-03 -- --

HEPTACHLOR NA 4.30E-03 -- 2.12E-03 -- --
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Table 7-16
Comparison of Exposure Point Concentrations (EPCs) in Soil to Soil Invertebrate Toxicity Reference Values

for the West Exposure Grouping

Chemical

Invertebrate
Toxicity

Reference Value
(mg/kg dry wt)

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Mean Exposure Point
Concentration (mg/kg dry

wt)

Hazard Quotient
for Mean EPC

Background
95% UCL

Mean

SEMIVOLATILES

4-CHLOROANILINE NA 4.30E-02 -- 4.33E-01 -- --

BIS(2-ETHYLHEXYL)PHTHALATE 200000 4.60E+00 2.30E-05 4.97E-01 2.48E-06 --

BUTYLBENZYLPHTHALATE 200000 3.40E+02 1.70E-03 3.11E+01 1.55E-04 --

CAPROLACTAM NA 8.00E-02 -- 3.91E-01 -- --

DIMETHYLPHTHALATE 200000 7.20E-02 3.60E-07 4.37E-01 2.18E-06 --

DI-N-BUTYLPHTHALATE 200000 3.60E+00 1.80E-05 5.01E-01 2.50E-06 --

VOLATILES

2-BUTANONE NA 1.00E-02 -- 9.16E-03 -- --

ACETONE NA 3.30E-02 -- 1.79E-02 -- --

ACETOPHENONE NA 6.00E-02 -- 3.91E-01 -- --

CARBON DISULFIDE NA 1.80E-03 -- 4.00E-03 -- --

CHLOROFORM NA 8.80E-03 -- 5.26E-03 -- --

ETHYLBENZENE NA 3.90E-03 -- 3.98E-03 -- --

STYRENE NA 3.50E-03 -- 4.34E-03 -- --

Bold = value exceeds the TRV
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Table 7-17

Comparison of Exposure Point Concentrations (EPCs) in Surface Water to Aquatic Organism Toxicity Reference Values

for the West Exposure Grouping

Maximum EPC
(ug/L)

HQ for
Maximum EPC

Mean EPC
(ug/L)

HQ for Mean
EPC

METALS

ALUMINUM 8.70E+01 NA 9.64E+05 1.11E+04 5.37E+05 6.17E+03
ANTIMONY 3.00E+01 NA 5.63E+02 1.88E+01 1.38E+02 4.60E+00
ARSENIC 1.50E+02 4.40E+02 2.05E+05 1.37E+03 5.87E+04 3.91E+02
BARIUM 4.00E+00 NA 2.89E+01 7.23E+00 2.36E+01 5.91E+00
BERYLLIUM 5.30E+00 NA 1.43E+01 2.70E+00 1.00E+01 1.89E+00
CADMIUM 6.40E-01 8.76E+01 2.88E+03 4.50E+03 1.33E+03 2.08E+03
CALCIUM NA NA 6.33E+05 -- 3.89E+05 --
CHROMIUM 2.30E+02 5.95E+03 5.68E+02 2.47E+00 2.60E+02 1.13E+00
COBALT 2.30E+01 NA 1.31E+03 5.70E+01 6.05E+02 2.63E+01
COPPER 2.90E+01 8.59E+01 4.48E+04 1.54E+03 1.58E+04 5.46E+02
IRON 1.00E+03 NA 1.19E+07 1.19E+04 2.32E+06 2.32E+03
LEAD 4.70E+01 1.09E+01 8.85E+02 1.88E+01 3.34E+02 7.11E+00
MAGNESIUM NA NA 1.42E+06 -- 6.10E+05 --
MANGANESE 1.20E+02 NA 4.98E+04 4.15E+02 2.44E+04 2.04E+02
MERCURY 7.70E-01 5.00E+00 1.20E+00 1.56E+00 4.73E-01 6.14E-01
NICKEL 1.68E+02 1.68E+02 8.78E+02 5.23E+00 3.83E+02 2.28E+00
POTASSIUM NA NA 2.61E+04 -- 1.78E+04 --
SELENIUM 4.60E+00 3.30E+01 7.31E+02 1.59E+02 2.73E+02 5.92E+01
SILVER 3.49E+01 3.49E+01 -- -- -- --
SODIUM NA NA 4.48E+04 -- 1.33E+04 --
VANADIUM 2.00E+01 NA 2.06E+03 1.03E+02 4.75E+02 2.38E+01
ZINC 3.80E+02 3.60E+03 1.74E+06 4.58E+03 6.61E+05 1.74E+03

Bold = value exceeds the TRV
1 - Values from Arizona Water Quality Standards (AWQS) provided for comparison only; all risk assessment models were run using values

from Surface Water TRV column, the National Ambient Water Quality Criteria.

Dissolved Concentrations

Chemical
Surface Water Toxicity

Reference Value
(mg/L)

AWQS Ephemeral
Surface Water TRV

(ug/L)1
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Table 7-18

Comparison of Exposure Point Concentrations (EPCs) in Sediment to Benthic Organism Toxicity Reference Values

for the West Exposure Grouping

Chemical

Sediment
Toxicity

Reference
Value

(mg/kg)

Frequency
of Detection

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Mean Exposure Point
Concentration (mg/kg

dry wt)

Hazard
Quotient
for Mean

EPC

METALS

ALUMINUM NA 18/18 2.65E+04 -- 1.48E+04 --
ANTIMONY 2.00E+00 19/20 1.89E+02 9.45E+01 4.11E+01 2.05E+01
ARSENIC 9.79E+00 20/20 6.92E+03 7.07E+02 3.12E+03 3.19E+02
BARIUM NA 20/20 2.73E+02 -- 1.27E+02 --
BERYLLIUM NA 12/18 6.10E-01 -- 3.97E-01 --
CADMIUM 9.90E-01 20/20 4.07E+01 4.11E+01 1.24E+01 1.25E+01
CALCIUM NA 20/20 4.07E+04 -- 1.83E+04 --
CHROMIUM 4.34E+01 20/20 2.91E+01 6.71E-01 1.66E+01 3.83E-01
COBALT NA 18/18 2.19E+01 -- 1.20E+01 --
COPPER 3.16E+01 20/20 5.51E+02 1.74E+01 2.45E+02 7.74E+00
IRON 2.00E+04 20/20 1.73E+05 8.65E+00 9.24E+04 4.62E+00
LEAD 3.58E+01 20/20 1.05E+04 2.93E+02 3.33E+03 9.31E+01
MAGNESIUM NA 18/18 1.35E+04 -- 8.00E+03 --
MANGANESE 4.60E+02 18/18 1.07E+03 2.33E+00 5.05E+02 1.10E+00
MERCURY 1.80E-01 20/20 4.94E+01 2.74E+02 1.36E+01 7.56E+01
NICKEL 2.27E+01 18/18 3.37E+01 1.48E+00 1.77E+01 7.81E-01
POTASSIUM NA 18/18 2.60E+03 -- 1.41E+03 --
SELENIUM NA 20/20 7.25E+01 -- 3.10E+01 --
SILVER 1.00E+00 20/20 6.32E+01 6.32E+01 1.71E+01 1.71E+01
SODIUM NA 17/18 4.84E+02 -- 2.07E+02 --
THALLIUM NA 19/20 1.74E+01 -- 7.85E+00 --
VANADIUM NA 18/18 1.55E+02 -- 6.02E+01 --
ZINC 1.21E+02 20/20 1.44E+04 1.19E+02 4.38E+03 3.62E+01

Bold = value exceeds the TRV
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Table 7-19
Comparison of Modeled Wildlife Doses to Mammals to Mammalian TRVs

for the West Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw

day)

Dose to
Predatory
Mammals
(mg/kg-bw

day)
DIOXINS

WHOTEQ 1.00E-06 1.00E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.93E-06 1.83E-03 6.45E-07

INORGANICS

CYANIDE (TOTAL) 6.87E+01 NA 1.09E-01 1.52E+00 1.34E-01 1.07E-02 9.45E-02 1.05E-02 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N 5.07E+02 1.13E+03 8.88E+01 2.23E+02 1.79E+01 7.35E+00 1.84E+01 1.49E+00 0.00E+00 0.00E+00 0.00E+00
NITRITE AS N NA NA 1.32E-03 1.87E-03 8.25E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 3.85E+03 9.64E+03 7.79E+02 1.00E+03 2.52E+03 2.03E+02 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.93E+00 1.93E+01 3.15E+02 1.62E+03 1.25E+02 1.30E+02 7.71E+02 4.54E+01 1.51E+02 1.11E+03 4.00E+01
ANTIMONY 5.90E-02 1.25E+00 4.52E+00 4.34E+01 1.38E-01 5.72E-01 5.48E+00 1.89E-02 1.51E-01 1.47E+00 3.25E-03
ARSENIC 1.04E+00 1.26E+00 1.04E+02 3.86E+02 2.07E+01 1.16E+01 4.08E+01 3.03E+00 2.25E-01 1.09E+00 1.44E-02
BARIUM 5.18E+01 4.36E+02 6.99E+00 2.07E+01 6.80E-01 2.40E+00 7.12E+00 2.65E-01 7.82E+00 2.38E+01 5.04E-01
BERYLLIUM 5.32E-01 NA 7.08E-03 1.94E-01 1.46E-03 3.44E-03 9.04E-02 7.71E-04 5.37E-03 1.93E-01 3.69E-04
BROMIDE NA NA 5.90E+03 1.48E+04 1.19E+03 1.81E+03 4.53E+03 3.65E+02 2.28E-02 3.23E-02 1.43E-02
CADMIUM 7.70E-01 1.00E+01 1.17E+00 4.22E+01 3.25E-01 3.13E-01 9.20E+00 9.55E-02 3.88E-02 9.60E-01 8.48E-03
CALCIUM NA NA 1.97E+04 1.49E+04 8.24E+01 6.03E+03 4.58E+03 3.27E+01 2.92E+03 2.21E+03 9.85E+00
CHROMIUM 2.40E+00 1.31E+01 7.05E-01 4.23E+00 2.00E-01 1.32E-01 2.46E+00 5.12E-02 1.83E-01 2.63E+00 5.80E-02
COBALT 7.33E+00 1.18E+02 6.38E-01 5.20E+00 2.33E-01 1.69E-01 1.34E+00 6.31E-02 1.97E-01 2.04E+00 5.54E-02
COPPER 5.60E+00 1.54E+01 1.61E+01 4.62E+01 4.52E+00 4.66E+00 9.33E+00 9.86E-01 2.25E+00 5.12E+00 2.90E-01
FLUORIDE NA NA 1.68E-03 2.38E-03 1.05E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON NA NA 2.89E+03 1.04E+04 1.09E+03 5.78E+02 2.68E+03 1.48E+02 2.53E+02 1.55E+03 2.13E+01
LEAD 4.70E+00 8.00E+01 1.16E+02 8.60E+02 1.06E+01 9.62E+00 8.53E+01 1.17E+00 2.73E-01 2.57E+00 8.76E-02
MAGNESIUM NA NA 2.38E+03 3.47E+03 1.21E+02 8.02E+02 1.17E+03 3.51E+01 1.29E+03 1.89E+03 8.68E+00
MANGANESE 5.15E+01 2.84E+02 5.78E+01 7.30E+01 6.70E+00 2.10E+01 2.87E+01 2.38E+00 2.50E+01 3.30E+01 1.40E+00
MERCURY 1.32E+01 NA 7.39E-01 1.90E+00 2.63E-01 1.20E-01 2.79E-01 2.33E-02 9.86E-03 8.12E-02 4.13E-04
NICKEL 1.70E+00 8.00E+01 5.79E-01 4.34E+00 1.76E-01 1.85E-01 4.47E+00 7.34E-02 7.63E-01 4.67E+00 1.48E-01
POTASSIUM NA NA 3.05E+02 7.58E+02 5.36E+00 1.25E+02 3.09E+02 2.57E+00 1.04E+02 2.61E+02 8.96E-01
SELENIUM 1.43E-01 3.30E-01 6.89E+00 7.61E+00 1.66E-01 1.02E+00 1.86E+00 5.49E-02 4.88E-02 2.12E-01 1.23E-02
SILVER 6.02E+00 1.16E+02 4.14E+00 3.20E+02 9.74E-01 3.24E-01 2.50E+01 7.66E-02 5.70E-02 4.40E+00 1.34E-02
SODIUM NA NA 1.87E+01 2.42E+02 4.17E+00 4.03E+00 5.21E+01 9.03E-01 1.80E+01 2.20E+02 4.47E+00
THALLIUM 7.40E-03 7.40E-02 1.20E-01 3.99E+00 4.75E-02 2.88E-02 9.55E-01 1.14E-02 1.64E-02 5.45E-01 6.46E-03
VANADIUM 4.16E+00 NA 1.33E+00 3.21E+01 7.31E-01 4.43E-01 1.20E+01 2.39E-01 5.56E-01 1.62E+01 2.96E-01
ZINC 7.54E+01 3.20E+02 3.90E+02 1.13E+03 1.32E+02 8.51E+01 3.25E+02 3.14E+01 6.10E+00 8.25E+01 2.27E+00

PAHS

TOTAL HMW PAH 6.15E-01 1.08E+01 4.40E-03 4.78E-02 3.14E-04 2.83E-02 3.06E-01 2.36E-03 0.00E+00 0.00E+00 0.00E+00
TOTAL LMW PAH 6.56E+01 4.34E+02 1.45E-03 1.20E-02 6.25E-05 1.14E-02 8.05E-02 4.44E-04 0.00E+00 0.00E+00 0.00E+00

PCBS

AROCLOR-1242 6.90E-02 6.90E-01 1.23E-03 7.90E-02 1.28E-04 4.44E-04 2.02E-02 4.60E-05 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1254 6.80E-02 6.80E-01 4.59E-04 2.28E-02 5.04E-05 3.60E-04 1.65E-02 3.96E-05 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1260 NA NA 1.45E-03 1.12E-01 1.66E-04 4.28E-04 2.18E-02 4.88E-05 0.00E+00 0.00E+00 0.00E+00

Total PCBS 1.00E-02 1.00E-01 1.55E-03 1.23E-01 1.78E-04 8.57E-04 5.58E-02 9.86E-05 0.00E+00 0.00E+00 0.00E+00

Mean Case Scenario Background Mean Case ScenarioMaximum Case Scenario

Chemical

Mammalian TRVs
(mg/kg-bw day)
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Table 7-19
Comparison of Modeled Wildlife Doses to Mammals to Mammalian TRVs

for the West Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw

day)

Dose to
Predatory
Mammals
(mg/kg-bw

day)

Mean Case Scenario Background Mean Case ScenarioMaximum Case Scenario

Chemical

Mammalian TRVs
(mg/kg-bw day)

PESTICIDES

4,4'-DDD 1.47E-01 4.00E+00 1.10E-04 2.59E-02 8.68E-06 3.73E-05 8.78E-03 2.94E-06 0.00E+00 0.00E+00 0.00E+00
4,4'-DDE 1.47E-01 4.00E+00 3.76E-05 9.08E-03 3.04E-06 2.84E-05 6.86E-03 2.30E-06 0.00E+00 0.00E+00 0.00E+00
4,4'-DDT 1.47E-01 4.00E+00 2.36E-05 6.30E-03 2.11E-06 2.40E-05 6.42E-03 2.15E-06 0.00E+00 0.00E+00 0.00E+00
Total DDTr 1.47E-01 4.00E+00 1.24E-04 3.50E-02 1.17E-05 8.22E-05 2.33E-02 7.79E-06 0.00E+00 0.00E+00 0.00E+00
ALPHA-CHLORDANE 4.60E+00 9.20E+00 3.23E-05 1.01E-03 2.38E-06 1.51E-05 4.71E-04 1.11E-06 0.00E+00 0.00E+00 0.00E+00
BETA-BHC 4.00E-01 2.00E+00 1.04E-04 1.33E-03 2.93E-06 4.02E-05 5.15E-04 1.13E-06 0.00E+00 0.00E+00 0.00E+00
DELTA-BHC 1.60E+00 3.20E+00 6.26E-05 8.03E-04 1.77E-06 3.66E-05 4.69E-04 1.03E-06 0.00E+00 0.00E+00 0.00E+00
DIELDRIN 1.50E-02 2.00E-01 3.19E-05 1.40E-03 1.83E-06 3.19E-05 1.40E-03 1.83E-06 0.00E+00 0.00E+00 0.00E+00
ENDRIN KETONE 9.20E-02 9.20E-01 3.47E-05 2.36E-03 1.61E-06 4.00E-05 2.72E-03 1.86E-06 0.00E+00 0.00E+00 0.00E+00
GAMMA-BHC (LINDANE) 8.00E+00 NA 3.04E-05 3.90E-04 8.74E-07 3.37E-05 4.32E-04 9.67E-07 0.00E+00 0.00E+00 0.00E+00
GAMMA-CHLORDANE 4.60E+00 9.20E+00 2.86E-05 3.43E-03 1.97E-06 1.50E-05 1.80E-03 1.03E-06 0.00E+00 0.00E+00 0.00E+00
HEPTACHLOR 1.00E-01 1.00E+00 3.39E-05 9.86E-04 2.33E-06 1.67E-05 4.86E-04 1.15E-06 0.00E+00 0.00E+00 0.00E+00

SEMIVOLATILES

4-CHLOROANILINE NA NA 2.81E-04 9.86E-03 7.96E-04 2.83E-03 9.93E-02 8.01E-03 0.00E+00 0.00E+00 0.00E+00
BIS(2-ETHYLHEXYL)PHTHALATE 1.83E+01 1.83E+02 4.69E-02 1.06E+00 2.38E-03 5.07E-03 1.14E-01 2.57E-04 0.00E+00 0.00E+00 0.00E+00
BUTYLBENZYLPHTHALATE NA NA 4.01E+00 7.80E+01 1.74E-01 3.66E-01 7.13E+00 1.59E-02 0.00E+00 0.00E+00 0.00E+00
CAPROLACTAM 4.58E+03 NA 1.10E-01 1.84E-02 1.48E-03 5.37E-01 8.96E-02 7.23E-03 0.00E+00 0.00E+00 0.00E+00
DIMETHYLPHTHALATE NA NA 2.65E-02 1.65E-02 3.63E-05 1.61E-01 1.00E-01 2.20E-04 0.00E+00 0.00E+00 0.00E+00
DI-N-BUTYLPHTHALATE 5.50E+02 1.83E+03 4.92E-02 8.26E-01 1.83E-03 6.85E-03 1.15E-01 2.55E-04 0.00E+00 0.00E+00 0.00E+00

VOLATILES

2-BUTANONE NA NA 4.54E-02 2.64E-04 5.04E-06 4.16E-02 2.42E-04 4.62E-06 0.00E+00 0.00E+00 0.00E+00
ACETONE 1.00E+01 5.00E+01 1.20E-02 7.57E-03 1.66E-05 6.49E-03 4.10E-03 9.00E-06 0.00E+00 0.00E+00 0.00E+00
ACETOPHENONE NA NA 1.53E-02 1.38E-02 1.11E-03 9.99E-02 8.97E-02 7.24E-03 0.00E+00 0.00E+00 0.00E+00
CARBON DISULFIDE NA NA 7.95E-04 4.13E-04 9.07E-07 1.77E-03 9.18E-04 2.02E-06 0.00E+00 0.00E+00 0.00E+00
CHLOROFORM 1.50E+01 4.10E+01 6.85E-03 2.02E-03 4.44E-06 4.09E-03 1.21E-03 2.65E-06 0.00E+00 0.00E+00 0.00E+00
ETHYLBENZENE NA NA 2.21E-04 8.95E-04 1.97E-06 2.26E-04 9.13E-04 2.01E-06 0.00E+00 0.00E+00 0.00E+00

STYRENE NA NA 2.69E-04 8.03E-04 1.76E-06 3.34E-04 9.96E-04 2.19E-06 0.00E+00 0.00E+00 0.00E+00

Bold = value exceeds the NOAEL
Bold and Italics = value exceeds the LOAEL
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Table 7-20
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs

for the West Exposure Grouping

NOAEL LOAEL
Dose to

Herbivorous Birds
(mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Piscivorous
Birds (mg/kg-bw

day)

Dose to Herbivorous
Birds (mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Piscivorous
Birds (mg/kg-bw

day)

Dose to
Herbivorous

Birds (mg/kg-
bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory

Birds (mg/kg-
bw day)

Dose to
Piscivorous

Birds (mg/kg-
bw day)

DIOXINS

WHOTEQ 1.40E-05 1.40E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.13E-05 7.25E-04 5.87E-07 0.00E+00

INORGANICS

CYANIDE (TOTAL) NA NA 2.81E-01 7.33E-01 1.89E-01 5.22E+00 2.35E-02 7.44E-02 1.30E-02 1.34E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N NA NA 2.25E+02 8.54E+01 2.67E+01 3.96E-04 1.86E+01 7.06E+00 2.21E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NITRITE AS N NA NA 2.19E-03 9.68E-03 6.27E-04 9.90E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 9.74E+03 3.72E+03 1.16E+03 2.43E+00 2.54E+03 9.65E+02 3.02E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.10E+02 NA 8.15E+02 1.34E+03 1.13E+02 2.72E+02 3.62E+02 4.70E+02 4.36E+01 1.04E+02 4.73E+02 3.73E+02 4.42E+01 4.55E+01
ANTIMONY 5.10E+00 1.28E+01 1.20E+01 1.71E+01 3.28E-02 8.41E-01 1.52E+00 2.18E+00 5.32E-03 1.80E-01 4.03E-01 5.64E-01 3.74E-05 0.00E+00
ARSENIC 2.24E+00 7.40E+00 2.92E+02 2.73E+02 1.14E+01 7.19E+01 3.03E+01 3.94E+01 1.92E+00 2.04E+01 6.64E-01 3.66E-01 3.31E-03 1.02E-01
BARIUM 2.08E+01 4.17E+01 1.86E+01 9.86E+00 5.86E-01 1.88E+00 6.38E+00 3.36E+00 2.51E-01 7.77E-01 2.12E+01 8.33E+00 4.53E-01 5.25E-01
BERYLLIUM NA NA 1.93E-02 8.66E-02 8.36E-04 4.39E-02 9.23E-03 4.14E-02 4.59E-04 2.44E-02 1.65E-02 7.44E-02 4.23E-06 1.66E-03
BROMIDE NA NA 1.49E+04 5.68E+03 1.77E+03 0.00E+00 4.57E+03 1.74E+03 5.43E+02 0.00E+00 3.78E-02 1.67E-01 1.08E-02 1.71E-02
CADMIUM 1.45E+00 2.00E+01 2.86E+00 1.89E+01 2.89E-01 7.95E+00 7.34E-01 4.26E+00 9.43E-02 2.18E+00 9.84E-02 3.79E-01 1.26E-02 1.89E-03
CALCIUM NA NA 4.91E+04 6.26E+03 3.81E+01 2.30E+02 1.50E+04 2.00E+03 1.73E+01 1.04E+02 7.28E+03 9.01E+02 3.84E+00 4.44E+01
CHROMIUM 2.66E+00 5.00E+00 2.09E+00 1.88E+00 2.04E-01 5.30E+00 3.84E-01 1.05E+00 5.73E-02 1.45E+00 5.68E-01 9.68E-01 6.89E-02 8.12E-02
COBALT 7.61E+00 2.67E+01 1.71E+00 2.96E+00 2.35E-01 2.10E-01 4.47E-01 7.98E-01 6.28E-02 8.46E-02 5.95E-01 7.43E-01 6.59E-02 6.14E-02
COPPER 4.05E+00 6.17E+01 4.05E+01 5.32E+01 3.28E+00 9.90E+02 1.14E+01 1.01E+01 9.12E-01 1.76E+02 5.88E+00 1.83E+00 3.90E-01 2.06E-01
FLUORIDE NA NA 2.79E-03 1.23E-02 7.98E-04 1.26E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON NA NA 6.74E+03 1.41E+04 7.64E+02 1.89E+03 1.54E+03 2.13E+03 9.38E+01 5.24E+02 7.89E+02 5.05E+02 4.30E+00 1.04E+02
LEAD 1.63E+00 1.13E+01 3.60E+02 2.99E+02 2.77E+00 6.51E+01 2.94E+01 3.10E+01 7.58E-01 1.62E+01 7.75E-01 9.54E-01 1.17E-01 6.52E-02
MAGNESIUM NA NA 5.87E+03 2.48E+03 8.28E+01 1.86E+02 1.99E+03 7.74E+02 2.37E+01 7.04E+01 3.26E+03 7.21E+02 1.42E+00 2.65E+01
MANGANESE 9.97E+02 NA 1.47E+02 6.45E+01 5.89E+00 9.18E+02 5.34E+01 2.37E+01 2.10E+00 3.20E+02 6.59E+01 1.05E+01 1.45E+00 3.56E+00
MERCURY 4.50E-01 9.00E-01 2.12E+00 6.24E-01 3.48E-01 6.70E+00 3.22E-01 1.00E-01 3.08E-02 7.26E-01 2.49E-02 3.19E-02 5.51E-04 3.14E-04
NICKEL 7.74E+01 1.07E+02 1.56E+00 2.31E+00 1.80E-01 1.27E+00 4.94E-01 1.94E+00 8.71E-02 3.94E-01 2.25E+00 1.62E+00 1.65E-01 6.57E-02
POTASSIUM NA NA 7.67E+02 3.28E+02 3.01E+00 1.50E+01 3.13E+02 1.38E+02 1.52E+00 8.06E+00 2.64E+02 1.03E+02 3.13E-01 6.79E+00
SELENIUM 5.00E-01 1.00E+00 1.74E+01 3.35E+00 1.41E-01 8.46E+00 2.59E+00 8.37E-01 6.14E-02 2.11E+00 1.26E-01 8.12E-02 1.80E-02 1.19E-02
SILVER 2.02 6.05E+01 1.07E+01 1.26E+02 1.41E+00 4.16E-01 8.39E-01 9.88E+00 1.10E-01 1.10E-01 1.48E-01 1.74E+00 1.94E-02 3.69E-03
SODIUM NA NA 4.64E+01 1.30E+02 2.94E+00 6.16E+00 1.00E+01 2.81E+01 6.37E-01 1.76E+00 4.38E+01 1.26E+02 3.20E+00 4.87E+00
THALLIUM 3.50E-01 NA 3.75E-01 1.53E+00 5.90E-02 1.76E-01 8.99E-02 3.67E-01 1.42E-02 1.08E-01 5.12E-02 2.09E-01 8.04E-03 9.53E-03
VANADIUM 3.44E-01 NA 3.79E+00 1.39E+01 8.80E-01 8.33E-01 1.33E+00 4.82E+00 3.03E-01 2.77E-01 1.73E+00 6.21E+00 3.90E-01 2.25E-01
ZINC 6.61E+01 1.31E+02 8.82E+02 1.71E+03 9.67E+01 1.07E+03 1.84E+02 4.22E+02 2.52E+01 2.50E+02 1.56E+01 3.24E+01 3.39E+00 3.05E-01

PAHS

TOTAL HMW PAH 3.37E+00 3.37E+01 1.32E-02 1.74E-02 8.34E-05 0.00E+00 8.57E-02 1.11E-01 9.23E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL LMW PAH 3.37E+00 3.37E+01 4.13E-03 4.38E-03 1.48E-06 0.00E+00 3.22E-02 2.93E-02 8.00E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

PCBS
AROCLOR-1242 4.10E-01 NA 3.82E-03 3.08E-02 6.45E-05 0.00E+00 1.37E-03 7.81E-03 2.32E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1254 1.80E-01 1.80E+00 1.44E-03 8.83E-03 2.54E-05 0.00E+00 1.13E-03 6.38E-03 2.00E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1260 1.80E-01 9.88E+01 4.58E-03 4.36E-02 8.35E-05 0.00E+00 1.35E-03 8.46E-03 2.46E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total PCBS 1.80E-01 1.80E+00 5.32E-03 4.82E-02 8.99E-05 0.00E+00 2.94E-03 2.17E-02 4.97E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

PESTICIDES
4,4'-DDD 2.27E-01 NA 3.36E-04 1.02E-02 2.49E-06 0.00E+00 1.14E-04 3.47E-03 8.41E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4,4'-DDE 2.27E-01 NA 1.15E-04 3.59E-03 8.70E-07 0.00E+00 8.68E-05 2.71E-03 6.57E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4,4'-DDT 2.27E-01 NA 7.36E-05 2.49E-03 6.04E-07 0.00E+00 7.50E-05 2.54E-03 6.15E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total DDTr 2.27E-01 NA 4.53E-04 1.38E-02 3.36E-06 0.00E+00 3.01E-04 9.20E-03 2.23E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ALPHA-CHLORDANE 2.10E+00 1.07E+01 9.96E-05 3.87E-04 2.49E-07 0.00E+00 4.65E-05 1.81E-04 1.16E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BETA-BHC 5.60E-01 2.25E+00 2.83E-04 5.10E-04 4.99E-09 0.00E+00 1.10E-04 1.98E-04 1.93E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DELTA-BHC 5.60E-01 2.25E+00 1.71E-04 3.08E-04 7.10E-09 0.00E+00 9.99E-05 1.80E-04 4.15E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DIELDRIN 7.09E-02 1.00E+01 9.53E-05 5.46E-04 1.94E-08 0.00E+00 9.53E-05 5.46E-04 1.94E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ENDRIN KETONE 1.00E-02 1.00E-01 1.00E-04 9.26E-04 3.11E-09 0.00E+00 1.16E-04 1.07E-03 3.58E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GAMMA-BHC (LINDANE) 2.00E+00 2.00E+01 8.31E-05 1.50E-04 2.60E-08 0.00E+00 9.19E-05 1.66E-04 2.88E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GAMMA-CHLORDANE 2.10E+00 1.07E+01 8.83E-05 1.35E-03 2.24E-09 0.00E+00 4.63E-05 7.07E-04 1.18E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
HEPTACHLOR 9.90E-01 NA 1.03E-04 3.78E-04 2.44E-07 0.00E+00 5.09E-05 1.86E-04 1.20E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SEMIVOLATILES

4-CHLOROANILINE 1.00E+01 NA 8.89E-04 3.78E-03 1.18E-03 0.00E+00 8.95E-03 3.81E-02 1.19E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BIS(2-ETHYLHEXYL)PHTHALATE 1.10E+00 7.63E+02 1.37E-01 4.05E-01 9.37E-05 0.00E+00 1.48E-02 4.37E-02 1.01E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.76E-04
BUTYLBENZYLPHTHALATE 1.10E-01 1.10E+00 1.15E+01 2.99E+01 4.31E-03 0.00E+00 1.05E+00 2.73E+00 3.94E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CAPROLACTAM NA NA 2.73E-01 7.04E-03 2.20E-03 0.00E+00 1.33E+00 3.44E-02 1.07E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DIMETHYLPHTHALATE 1.10E-01 1.10E+00 6.61E-02 6.34E-03 3.17E-10 0.00E+00 4.01E-01 3.84E-02 1.92E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Chemical

Avian TRVs (mg/kg-
bw day) Background Mean Case ScenarioMaximum Case Scenario Mean Case Scenario
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Table 7-20
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs

for the West Exposure Grouping

NOAEL LOAEL
Dose to

Herbivorous Birds
(mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Piscivorous
Birds (mg/kg-bw

day)

Dose to Herbivorous
Birds (mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Piscivorous
Birds (mg/kg-bw

day)

Dose to
Herbivorous

Birds (mg/kg-
bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory

Birds (mg/kg-
bw day)

Dose to
Piscivorous

Birds (mg/kg-
bw day)

Chemical

Avian TRVs (mg/kg-
bw day) Background Mean Case ScenarioMaximum Case Scenario Mean Case Scenario

DI-N-BUTYLPHTHALATE 1.10E-01 1.10E+00 1.38E-01 3.17E-01 2.90E-05 0.00E+00 1.92E-02 4.41E-02 4.04E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

VOLATILES

2-BUTANONE NA NA 1.13E-01 7.49E-05 2.14E-12 0.00E+00 1.03E-01 6.86E-05 1.96E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ACETONE NA NA 2.99E-02 2.90E-03 2.01E-12 0.00E+00 1.62E-02 1.57E-03 1.09E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ACETOPHENONE NA NA 3.83E-02 5.28E-03 1.65E-03 0.00E+00 2.50E-01 3.44E-02 1.08E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.86E-04
CARBON DISULFIDE NA NA 1.98E-03 1.58E-04 3.98E-11 0.00E+00 4.41E-03 3.52E-04 8.84E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CHLOROFORM NA NA 1.70E-02 7.74E-04 1.02E-10 0.00E+00 1.02E-02 4.63E-04 6.12E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ETHYLBENZENE NA NA 5.66E-04 3.43E-04 3.65E-12 0.00E+00 5.78E-04 3.50E-04 3.72E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
STYRENE NA NA 6.83E-04 3.08E-04 4.19E-10 0.00E+00 8.47E-04 3.82E-04 5.19E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Bold = value greater then NOAEL
Bold & Italics = value greater then LOAEL
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Table 7-21
Frequency of Detection and Exposure Point Concentrations

for the East Exposure Grouping

Surface Soil Surface Water Accessible for Drinking
by Wildlife (Total Concentrations) Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(mg/L)

Mean (mg/L) Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Frequency Maximum
(ug/L)

Mean
(ug/L)

DIOXINS

1,2,3,4,6,7,8-HPCDD 16/24 1.10E-03 2.32E-04 -- -- -- 4/5 1.90E-05 8.00E-06 -- -- -- -- -- --

1,2,3,4,6,7,8-HPCDF 15/24 2.80E-03 7.04E-04 -- -- -- 2/5 4.50E-06 2.23E-06 -- -- -- -- -- --

1,2,3,4,7,8,9-HPCDF 11/24 3.60E-04 7.86E-05 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,4,7,8-HXCDD 10/24 3.70E-05 8.46E-06 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,4,7,8-HXCDF 12/24 7.70E-04 1.70E-04 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,6,7,8-HXCDD 10/24 8.30E-05 1.84E-05 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,6,7,8-HXCDF 12/24 4.30E-04 9.75E-05 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,7,8,9-HXCDD 10/24 7.40E-05 1.72E-05 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,7,8,9-HXCDF 9/24 2.30E-05 4.86E-06 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,7,8-PECDD 10/24 3.20E-05 6.92E-06 -- -- -- -- -- -- -- -- -- -- -- --

1,2,3,7,8-PECDF 10/24 1.50E-04 3.46E-05 -- -- -- -- -- -- -- -- -- -- -- --

2,3,4,6,7,8-HXCDF 12/24 6.80E-04 1.44E-04 -- -- -- -- -- -- -- -- -- -- -- --

2,3,4,7,8-PECDF 12/24 3.30E-04 7.23E-05 -- -- -- -- -- -- -- -- -- -- -- --

2,3,7,8-TCDD 10/24 1.10E-05 2.04E-06 -- -- -- -- -- -- -- -- -- -- -- --

2,3,7,8-TCDF 12/24 1.40E-04 3.08E-05 -- -- -- -- -- -- -- -- -- -- -- --

OCDD 18/24 9.30E-03 1.31E-03 -- -- -- 4/5 3.90E-04 1.70E-04 -- -- -- -- -- --

OCDF 14/24 5.90E-03 9.29E-04 -- -- -- 1/5 1.10E-05 4.50E-06 -- -- -- -- -- --

TOTAL HPCDD -- -- -- -- -- 4/5 4.70E-05 1.91E-05 -- -- -- -- -- --

TOTAL HPCDF -- -- -- -- -- -- 2/5 7.70E-06 3.12E-06 -- -- -- -- -- --

TOTAL HXCDD -- -- -- -- -- -- 1/5 3.10E-06 1.47E-06 -- -- -- -- -- --

TOTAL TCDF -- -- -- -- -- -- 1/5 7.20E-07 5.92E-07 -- -- -- -- -- --

WHOTEQ 18/18 5.58E-04 1.55E-04 -- -- -- 4/4 2.73E-07 1.69E-07 -- -- -- -- -- --

INORGANICS

CHLORIDE 14 / 17 1.60E+03 1.52E+02 5 / 5 5.90E-02 4.30E-02 3 / 3 1.60E+03 -1.00E+04 -- -- -- 4 / 4 5.20E+01 -1.00E+04

CYANIDE (TOTAL) 64 / 197 1.60E+00 4.52E-01 11 / 32 8.30E-03 4.48E-03 18 / 54 1.20E+00 4.61E-01 -- -- -- 5 / 12 3.40E+00 1.84E+00

NITRATE AS N 32 / 39 2.00E+02 2.09E+01 4 / 8 9.40E-03 5.97E-03 3 / 7 2.00E+02 1.01E+02 -- -- -- 1 / 5 6.00E-02 9.20E-02

NITRITE AS N -- -- -- 1 / 8 6.00E-05 1.70E-04 -- -- -- -- -- -- -- -- --

SULFATE 45 / 45 7.40E+04 7.54E+03 8 / 8 2.10E+00 8.39E-01 12 / 12 7.40E+04 1.67E+04 -- -- -- 5 / 5 2.10E+03 1.30E+03

METALS

ALUMINUM 198 / 198 2.06E+05 3.84E+04 32 / 32 4.14E+02 2.33E+01 53 / 53 1.98E+05 2.36E+04 2/9 6.05E+04 3.03E+04 12 / 12 6.01E+04 7.27E+03

ANTIMONY 129 / 208 1.25E+02 1.02E+01 5 / 33 8.40E-03 4.00E-03 37 / 53 3.10E+01 6.48E+00 1/9 2.00E+00 1.14E+00 2 / 12 3.60E+00 2.80E+00

ARSENIC 204 / 204 2.02E+04 3.01E+02 32 / 32 1.11E+00 9.32E-02 53 / 53 2.32E+03 3.48E+02 9/9 2.65E+02 4.23E+01 12 / 12 3.08E+02 7.56E+01

BARIUM 202 / 204 1.54E+03 2.62E+02 32 / 32 3.70E+00 2.52E-01 53 / 53 7.56E+02 1.56E+02 9/9 3.49E+01 2.57E+01 12 / 12 1.67E+02 5.30E+01

BERYLLIUM 157 / 199 2.81E+01 3.20E+00 12 / 34 1.52E-02 2.23E-03 32 / 53 2.81E+01 2.77E+00 2/9 5.00E+00 2.51E+00 5 / 12 5.10E+00 1.30E+00

BROMIDE -- -- -- 5 / 5 3.60E-04 2.56E-04 -- -- -- -- -- -- 4 / 4 3.60E-01 -1.00E+04

CADMIUM 172 / 205 8.57E+01 6.42E+00 23 / 32 3.18E-01 3.22E-02 49 / 53 3.18E+01 4.97E+00 9/9 3.15E+02 5.24E+01 12 / 12 3.18E+02 5.53E+01

CALCIUM 196 / 198 1.55E+05 2.11E+04 32 / 32 6.61E+02 2.12E+02 53 / 53 5.34E+04 1.21E+04 9/9 5.83E+05 3.98E+05 12 / 12 6.61E+05 4.23E+05

CHROMIUM 202 / 204 1.79E+03 1.17E+02 26 / 32 9.70E-02 1.26E-02 53 / 53 4.33E+02 4.31E+01 8/9 3.11E+01 4.10E+00 7 / 12 3.19E+01 7.31E+00

CHROMIUM VI 2 / 5 1.80E+01 9.85E+00 -- -- -- -- -- -- -- -- -- -- -- --

COBALT 194 / 198 5.92E+01 1.71E+01 31 / 32 4.16E-01 5.18E-02 51 / 53 3.55E+01 1.42E+01 9/9 4.12E+02 1.04E+02 12 / 12 4.16E+02 1.04E+02

COPPER 204 / 204 2.81E+04 2.04E+03 32 / 32 1.47E+01 7.55E-01 53 / 53 6.96E+03 1.03E+03 9/9 1.46E+04 1.65E+03 12 / 12 1.47E+04 1.88E+03

FLUORIDE -- -- -- 5 / 5 5.70E-04 4.26E-04 -- -- -- -- -- -- 4 / 4 5.70E-01 -1.00E+04

IRON 204 / 204 4.56E+05 3.35E+04 32 / 32 5.94E+02 5.23E+01 53 / 53 4.56E+05 4.64E+04 8/9 4.99E+05 6.45E+04 12 / 12 4.95E+05 5.34E+04

LEAD 204 / 204 7.34E+03 4.43E+02 24 / 32 4.71E+00 4.19E-01 53 / 53 2.46E+03 4.31E+02 4/9 7.10E-01 2.52E-01 12 / 12 1.25E+02 1.90E+01

MAGNESIUM 198 / 198 4.78E+04 1.04E+04 32 / 32 3.22E+02 6.01E+01 53 / 53 3.22E+04 7.36E+03 9/9 3.24E+05 1.20E+05 12 / 12 3.22E+05 1.14E+05

MANGANESE 204 / 204 3.83E+03 7.13E+02 32 / 32 2.89E+01 4.65E+00 53 / 53 2.06E+03 5.26E+02 9/9 2.98E+04 1.12E+04 12 / 12 2.89E+04 1.03E+04

MERCURY 172 / 206 3.79E+01 1.33E+00 14 / 32 2.03E-02 3.40E-03 52 / 53 1.95E+01 2.16E+00 2/9 2.30E-01 1.49E-01 8 / 12 1.20E+00 3.91E-01

NICKEL 198 / 198 1.24E+03 1.05E+02 32 / 32 2.16E-01 3.54E-02 53 / 53 2.56E+02 3.33E+01 9/9 2.12E+02 4.98E+01 12 / 12 2.16E+02 5.55E+01

POTASSIUM 197 / 198 4.05E+04 3.31E+03 31 / 33 5.97E+01 7.22E+00 53 / 53 1.46E+04 2.47E+03 5/9 1.28E+04 5.13E+03 11 / 12 1.58E+04 5.39E+03

SELENIUM 169 / 205 6.19E+01 6.65E+00 11 / 33 1.50E-02 7.16E-03 48 / 53 3.10E+01 7.53E+00 2/9 1.28E+01 8.05E+00 6 / 12 1.50E+01 8.60E+00

SILVER 179 / 204 3.97E+02 8.49E+00 8 / 32 2.29E-02 6.01E-03 51 / 53 2.02E+01 4.94E+00 4 / 13 8.68E+01 7.00E+01 4 / 12 2.00E+00 7.12E-01

Analyte
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Table 7-21
Frequency of Detection and Exposure Point Concentrations

for the East Exposure Grouping

Surface Soil Surface Water Accessible for Drinking
by Wildlife (Total Concentrations) Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(mg/L)

Mean (mg/L) Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Analyte

SODIUM 192 / 199 4.29E+04 2.36E+03 32 / 32 7.10E+01 4.55E+01 50 / 53 1.62E+04 9.01E+02 9/9 6.57E+04 4.30E+04 12 / 12 7.10E+04 4.11E+04

THALLIUM 81 / 207 9.20E+00 2.47E+00 6 / 33 1.70E-03 6.07E-04 29 / 53 6.80E+00 3.12E+00 3/9 2.80E-01 1.59E-01 3 / 12 6.20E-01 2.78E-01

VANADIUM 194 / 198 1.66E+02 4.58E+01 29 / 32 2.05E-01 2.70E-02 52 / 53 7.24E+01 4.06E+01 4/9 2.67E+01 6.74E+00 9 / 12 2.92E+01 6.21E+00

ZINC 204 / 204 5.89E+04 1.74E+03 32 / 32 1.68E+02 9.44E+00 53 / 53 6.32E+03 1.53E+03 9/9 1.62E+05 2.34E+04 12 / 12 1.68E+05 2.32E+04

PAHS

ACENAPHTHENE 1/18 8.00E-02 3.27E-01 -- -- -- -- -- -- -- -- -- -- -- --

ANTHRACENE 1/18 1.80E-01 3.33E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(A)ANTHRACENE 1/18 7.10E-01 3.62E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(A)PYRENE 1/18 5.40E-01 3.53E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(B)FLUORANTHENE 1/18 7.20E-01 3.63E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(G,H,I)PERYLENE 1/18 1.60E-01 3.32E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(K)FLUORANTHENE 1/18 4.50E-01 3.48E-01 -- -- -- -- -- -- -- -- -- -- -- --

CARBAZOLE 1/18 1.00E-01 3.28E-01 -- -- -- -- -- -- -- -- -- -- -- --

CHRYSENE 1/18 7.20E-01 3.63E-01 -- -- -- -- -- -- -- -- -- -- -- --

DIBENZO(A,H)ANTHRACENE 1/18 1.10E-01 3.29E-01 -- -- -- -- -- -- -- -- -- -- -- --

FLUORANTHENE 1/18 1.30E+00 3.95E-01 -- -- -- -- -- -- -- -- -- -- -- --

INDENO(1,2,3-CD)PYRENE 1/18 5.00E-01 3.51E-01 -- -- -- -- -- -- -- -- -- -- -- --

PHENANTHRENE 1/18 7.00E-01 3.62E-01 -- -- -- -- -- -- -- -- -- -- -- --

PYRENE 1/18 1.10E+00 3.84E-01 -- -- -- -- -- -- -- -- -- -- -- --

TOTAL HMW PAH 1/1 4.98E+00 4.98E+00 -- -- -- -- -- -- -- -- -- -- -- --

TOTAL LMW PAH 1/1 2.18E+00 2.18E+00 -- -- -- -- -- -- -- -- -- -- -- --

PCBS

AROCLOR-1248 1/4 9.30E-01 2.62E-01 -- -- -- -- -- -- -- -- -- -- -- --

AROCLOR-1254 1/4 7.60E-02 4.80E-02 -- -- -- -- -- -- -- -- -- -- -- --

AROCLOR-1260 2/4 3.00E-02 3.40E-02 -- -- -- -- -- -- -- -- -- -- -- --

Total PCBS 2/2 9.60E-01 5.31E-01 -- -- -- -- -- -- -- -- -- -- -- --

PESTICIDES

4,4'-DDE 1/4 9.70E-03 5.38E-03 -- -- -- -- -- -- -- -- -- -- -- --

4,4'-DDT 1/4 2.40E-03 3.55E-03 -- -- -- -- -- -- -- -- -- -- -- --

Total DDTr 1/1 1.21E-02 1.21E-02 -- -- -- -- -- -- -- -- -- -- -- --

DELTA-BHC 1/4 1.70E-02 5.75E-03 -- -- -- -- -- -- -- -- -- -- -- --

DIELDRIN 1/4 2.30E-03 3.53E-03 -- -- -- -- -- -- -- -- -- -- -- --

ENDOSULFAN I 1/4 2.00E-03 2.00E-03 -- -- -- -- -- -- -- -- -- -- -- --

HEPTACHLOR 1/4 7.30E-03 3.33E-03 -- -- -- -- -- -- -- -- -- -- -- --

HEPTACHLOR EPOXIDE 1/4 2.50E-02 7.75E-03 -- -- -- -- -- -- -- -- -- -- -- --

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE9/18 3.30E-01 2.26E-01 -- -- -- -- -- -- -- -- -- -- -- --

DI-N-BUTYLPHTHALATE 2/18 6.50E-02 3.16E-01 -- -- -- -- -- -- -- -- -- -- -- --

VOLATILES

ACETOPHENONE 7/18 1.70E-01 2.44E-01 -- -- -- 2/3 1.70E-01 8.86E-01 -- -- -- -- -- --
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Table 7-22
Comparison of Exposure Point Concentrations (EPCs) in Soil to Plant Toxicity Reference Values

for the East Exposure Grouping

Chemical

Plant Toxicity
Reference

Value (mg/kg
dry wt)

Maximum EPC
(mg/kg dry wt)

Hazard Quotient
for Maximum EPC

Mean EPC (mg/kg
dry wt)

Hazard Quotient
for Mean EPC

Background
95% UCL

Mean

DIOXINS

1,2,3,4,6,7,8-HPCDD NA 1.10E-03 -- 0.000232042 -- --
1,2,3,4,6,7,8-HPCDF NA 2.80E-03 -- 0.000704069 -- --
1,2,3,4,7,8,9-HPCDF NA 3.60E-04 -- 0.00007856 -- --
1,2,3,4,7,8-HXCDD NA 3.70E-05 -- 8.45542E-06 -- --
1,2,3,4,7,8-HXCDF NA 7.70E-04 -- 0.000170317 -- --
1,2,3,6,7,8-HXCDD NA 8.30E-05 -- 1.84492E-05 -- --
1,2,3,6,7,8-HXCDF NA 4.30E-04 -- 9.75334E-05 -- --
1,2,3,7,8,9-HXCDD NA 7.40E-05 -- 1.71873E-05 -- --
1,2,3,7,8,9-HXCDF NA 2.30E-05 -- 4.85696E-06 -- --
1,2,3,7,8-PECDD NA 3.20E-05 -- 6.92463E-06 -- --
1,2,3,7,8-PECDF NA 1.50E-04 -- 3.46436E-05 -- --
2,3,4,6,7,8-HXCDF NA 6.80E-04 -- 0.000144388 -- --
2,3,4,7,8-PECDF NA 3.30E-04 -- 7.22641E-05 -- --
2,3,7,8-TCDD NA 1.10E-05 -- 2.0365E-06 -- 1.28E-09
2,3,7,8-TCDF NA 1.40E-04 -- 3.08089E-05 -- --
OCDD NA 9.30E-03 -- 0.001310691 -- --
OCDF NA 5.90E-03 -- 0.000928948 -- --
WHOTEQ NA 5.58E-04 -- 0.00015509 -- --

INORGANICS

CHLORIDE NA 1.60E+03 -- 152.1 -- --
CYANIDE (TOTAL) NA 1.60E+00 -- 0.452 -- --
NITRATE AS N NA 2.00E+02 -- 20.87 -- --
SULFATE NA 7.40E+04 -- 7539 -- --

METALS

ALUMINUM 5.00E+01 2.06E+05 4.12E+03 3.84E+04 7.68E+02 3.08E+04
ANTIMONY 5.00E+00 1.25E+02 2.50E+01 1.02E+01 2.04E+00 7.21E+00
ARSENIC 1.80E+01 2.02E+04 1.12E+03 3.01E+02 1.67E+01 3.13E+01
BARIUM 5.00E+02 1.54E+03 3.08E+00 2.62E+02 5.24E-01 7.41E+02
BERYLLIUM 1.00E+01 2.81E+01 2.81E+00 3.20E+00 3.20E-01 7.99E-01
CADMIUM 3.20E+01 8.57E+01 2.68E+00 6.42E+00 2.00E-01 3.72E-01
CALCIUM NA 1.55E+05 -- 2.11E+04 -- 1.50E+04
CHROMIUM 1.00E+00 1.79E+03 1.79E+03 1.17E+02 1.17E+02 3.13E+01
CHROMIUM VI NA 1.80E+01 -- 9.85E+00 -- --
COBALT 1.30E+01 5.92E+01 4.55E+00 1.71E+01 1.31E+00 3.25E+01
COPPER 7.00E+01 2.81E+04 4.01E+02 2.04E+03 2.91E+01 8.66E+01
IRON NA 4.56E+05 -- 3.35E+04 -- 4.20E+04
LEAD 1.20E+02 7.34E+03 6.12E+01 4.43E+02 3.69E+00 3.05E+01
MAGNESIUM NA 4.78E+04 -- 1.04E+04 -- 2.31E+04
MANGANESE 2.20E+02 3.83E+03 1.74E+01 7.13E+02 3.24E+00 1.03E+03
MERCURY 3.00E-01 3.79E+01 1.26E+02 1.33E+00 4.45E+00 9.77E-02
NICKEL 3.80E+01 1.24E+03 3.26E+01 1.05E+02 2.76E+00 2.51E+02
POTASSIUM NA 4.05E+04 -- 3.31E+03 -- 1.37E+03
SELENIUM 5.20E-01 6.19E+01 1.19E+02 6.65E+00 1.28E+01 8.84E-01
SILVER 5.60E+02 3.97E+02 7.09E-01 8.49E+00 1.52E-02 1.53E+00
SODIUM NA 4.29E+04 -- 2.36E+03 -- 3.71E+03
THALLIUM 1.00E+00 9.20E+00 9.20E+00 2.47E+00 2.47E+00 3.24E+00
VANADIUM 2.00E+00 1.66E+02 8.30E+01 4.58E+01 2.29E+01 1.22E+02
ZINC 1.60E+02 5.89E+04 3.68E+02 1.74E+03 1.09E+01 1.21E+02

PAHS

TOTAL HMW PAH 2.00E+04 4.98E+00 2.49E-04 4.98E+00 2.49E-04 --

TOTAL LMW PAH 2.00E+04 2.18E+00 1.09E-04 2.18E+00 1.09E-04 --

PCBS

Total PCBS 4.00E+04 9.60E-01 2.40E-05 5.31E-01 1.33E-05 --
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Table 7-22
Comparison of Exposure Point Concentrations (EPCs) in Soil to Plant Toxicity Reference Values

for the East Exposure Grouping

Chemical

Plant Toxicity
Reference

Value (mg/kg
dry wt)

Maximum EPC
(mg/kg dry wt)

Hazard Quotient
for Maximum EPC

Mean EPC (mg/kg
dry wt)

Hazard Quotient
for Mean EPC

Background
95% UCL

Mean

PESTICIDES

4,4'-DDE NA 9.70E-03 -- 5.38E-03 -- --

4,4'-DDT NA 2.40E-03 -- 3.55E-03 -- --

Total DDTr NA 1.21E-02 -- 1.21E-02 -- --

DELTA-BHC NA 1.70E-02 -- 5.75E-03 -- --

DIELDRIN NA 2.30E-03 -- 3.53E-03 -- --

ENDOSULFAN I NA 2.00E-03 -- 2.00E-03 -- --

HEPTACHLOR NA 7.30E-03 -- 3.33E-03 -- --

HEPTACHLOR EPOXIDE NA 2.50E-02 -- 7.75E-03 -- --

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 1.00E+05 3.30E-01 3.30E-06 2.26E-01 2.26E-06 --

DI-N-BUTYLPHTHALATE 2.00E+05 6.50E-02 3.25E-07 3.16E-01 1.58E-06 --

VOLATILES

ACETOPHENONE NA 1.70E-01 -- 2.44E-01 -- --

Bold = value greater than HQ
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Table 7-23
Comparison of Exposure Point Concentrations (EPCs) in Soil to Soil Invertebrate Toxicity Reference Values

for the East Exposure Grouping

Chemical

Invertebrate
Toxicity

Reference
Value (mg/kg

dry wt)

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Mean Exposure Point
Concentration (mg/kg

dry wt)

Hazard
Quotient for
Mean EPC

Background
95% UCL

Mean

DIOXINS

1,2,3,4,6,7,8-HPCDD 5.00E-01 1.10E-03 2.20E-03 2.32E-04 4.64E-04 --
1,2,3,4,6,7,8-HPCDF 5.00E-01 2.80E-03 5.60E-03 7.04E-04 1.41E-03 --
1,2,3,4,7,8,9-HPCDF 5.00E-01 3.60E-04 7.20E-04 7.86E-05 1.57E-04 --
1,2,3,4,7,8-HXCDD 5.00E-01 3.70E-05 7.40E-05 8.46E-06 1.69E-05 --
1,2,3,4,7,8-HXCDF 5.00E-01 7.70E-04 1.54E-03 1.70E-04 3.41E-04 --
1,2,3,6,7,8-HXCDD 5.00E-01 8.30E-05 1.66E-04 1.84E-05 3.69E-05 --
1,2,3,6,7,8-HXCDF 5.00E-01 4.30E-04 8.60E-04 9.75E-05 1.95E-04 --
1,2,3,7,8,9-HXCDD 5.00E-01 7.40E-05 1.48E-04 1.72E-05 3.44E-05 --
1,2,3,7,8,9-HXCDF 5.00E-01 2.30E-05 4.60E-05 4.86E-06 9.71E-06 --
1,2,3,7,8-PECDD 5.00E-01 3.20E-05 6.40E-05 6.92E-06 1.38E-05 --
1,2,3,7,8-PECDF 5.00E-01 1.50E-04 3.00E-04 3.46E-05 6.93E-05 --
2,3,4,6,7,8-HXCDF 5.00E-01 6.80E-04 1.36E-03 1.44E-04 2.89E-04 --
2,3,4,7,8-PECDF 5.00E-01 3.30E-04 6.60E-04 7.23E-05 1.45E-04 --
2,3,7,8-TCDD 5.00E-01 1.10E-05 2.20E-05 2.04E-06 4.07E-06 1.28E-09
2,3,7,8-TCDF 5.00E-01 1.40E-04 2.80E-04 3.08E-05 6.16E-05 --
OCDD 5.00E-01 9.30E-03 1.86E-02 1.31E-03 2.62E-03 --
OCDF 5.00E-01 5.90E-03 1.18E-02 9.29E-04 1.86E-03 --
WHOTEQ 5.00E-01 5.58E-04 1.12E-03 1.55E-04 3.10E-04 --

INORGANICS

CHLORIDE NA 1.60E+03 -- 1.52E+02 -- --
CYANIDE (TOTAL) NA 1.60E+00 -- 4.52E-01 -- --
NITRATE AS N NA 2.00E+02 -- 2.09E+01 -- --
SULFATE NA 7.40E+04 -- 7.54E+03 -- --

METALS

ALUMINUM NA 2.06E+05 -- 3.84E+04 -- 3.08E+04
ANTIMONY 78 1.25E+02 1.60E+00 1.02E+01 1.31E-01 7.21E+00
ARSENIC 60 2.02E+04 3.37E+02 3.01E+02 5.01E+00 3.13E+01
BARIUM 330 1.54E+03 4.67E+00 2.62E+02 7.94E-01 7.41E+02
BERYLLIUM 40 2.81E+01 7.03E-01 3.20E+00 8.00E-02 7.99E-01
CADMIUM 140 8.57E+01 6.12E-01 6.42E+00 4.58E-02 3.72E-01
CALCIUM NA 1.55E+05 -- 2.11E+04 -- 1.50E+04
CHROMIUM 0.4 1.79E+03 4.48E+03 1.17E+02 2.92E+02 3.13E+01
CHROMIUM VI NA 1.80E+01 -- 9.85E+00 -- --
COBALT NA 5.92E+01 -- 1.71E+01 -- 3.25E+01
COPPER 80 2.81E+04 3.51E+02 2.04E+03 2.55E+01 8.66E+01
IRON NA 4.56E+05 -- 3.35E+04 -- 4.20E+04
LEAD 1700 7.34E+03 4.32E+00 4.43E+02 2.60E-01 3.05E+01
MAGNESIUM NA 4.78E+04 -- 1.04E+04 -- 2.31E+04
MANGANESE 450 3.83E+03 8.51E+00 7.13E+02 1.58E+00 1.03E+03
MERCURY 0.1 3.79E+01 3.79E+02 1.33E+00 1.33E+01 9.77E-02
NICKEL 280 1.24E+03 4.43E+00 1.05E+02 3.75E-01 2.51E+02
POTASSIUM NA 4.05E+04 -- 3.31E+03 -- 1.37E+03
SELENIUM 4.1 6.19E+01 1.51E+01 6.65E+00 1.62E+00 8.84E-01
SILVER NA 3.97E+02 -- 8.49E+00 -- 1.53E+00
SODIUM NA 4.29E+04 -- 2.36E+03 -- 3.71E+03
THALLIUM NA 9.20E+00 -- 2.47E+00 -- 3.24E+00
VANADIUM NA 1.66E+02 -- 4.58E+01 -- 1.22E+02
ZINC 120 5.89E+04 4.91E+02 1.74E+03 1.45E+01 1.21E+02

PAHS

TOTAL HMW PAH 18000 4.98E+00 2.77E-04 4.98E+00 2.77E-04 --

TOTAL LMW PAH 29000 2.18E+00 7.52E-05 2.18E+00 7.52E-05 --

PCBS

AROCLOR-1248 2510 9.30E-01 3.71E-04 2.62E-01 1.04E-04 --

AROCLOR-1254 2510 7.60E-02 3.03E-05 4.80E-02 1.91E-05 --

AROCLOR-1260 2510 3.00E-02 1.20E-05 3.40E-02 1.35E-05 --

Total PCBS 2510 9.60E-01 3.82E-04 5.31E-01 2.12E-04 --
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Table 7-23
Comparison of Exposure Point Concentrations (EPCs) in Soil to Soil Invertebrate Toxicity Reference Values

for the East Exposure Grouping

Chemical

Invertebrate
Toxicity

Reference
Value (mg/kg

dry wt)

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Mean Exposure Point
Concentration (mg/kg

dry wt)

Hazard
Quotient for
Mean EPC

Background
95% UCL

Mean

PESTICIDES

4,4'-DDE 1500 9.70E-03 6.47E-06 5.38E-03 3.58E-06 --

4,4'-DDT 1500 2.40E-03 1.60E-06 3.55E-03 2.37E-06 --

Total DDTr 1500 1.21E-02 8.07E-06 1.21E-02 8.07E-06 --

DELTA-BHC NA 1.70E-02 -- 5.75E-03 -- --

DIELDRIN NA 2.30E-03 -- 3.53E-03 -- --

ENDOSULFAN I NA 2.00E-03 -- 2.00E-03 -- --

HEPTACHLOR NA 7.30E-03 -- 3.33E-03 -- --

HEPTACHLOR EPOXIDE NA 2.50E-02 -- 7.75E-03 -- --

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 200000 3.30E-01 1.65E-06 2.26E-01 1.13E-06 --

DI-N-BUTYLPHTHALATE 200000 6.50E-02 3.25E-07 3.16E-01 1.58E-06 --

VOLATILES

ACETOPHENONE NA 1.70E-01 -- 2.44E-01 -- --

Bold = value greater than HQ
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Table 7-24

Comparison of Exposure Point Concentrations (EPCs) in Surface Water to Aquatic Organism Toxicity Reference Values

for the East Exposure Grouping

Maximum EPC
(ug/L)

HQ for
Maximum EPC

Mean EPC
(ug/L)

HQ for Mean
EPC

METALS

ALUMINUM 8.70E+01 NA 6.05E+04 6.95E+02 3.03E+04 3.48E+02
ANTIMONY 3.00E+01 NA 2.00E+00 6.67E-02 1.14E+00 3.80E-02
ARSENIC 1.50E+02 4.40E+02 2.65E+02 1.77E+00 4.23E+01 2.82E-01
BARIUM 4.00E+00 NA 3.49E+01 8.73E+00 2.57E+01 6.44E+00
BERYLLIUM 5.30E+00 NA 5.00E+00 9.43E-01 2.51E+00 4.74E-01
CADMIUM 6.40E-01 8.76E+01 3.15E+02 4.92E+02 5.24E+01 8.19E+01
CALCIUM NA NA 5.83E+05 -- 3.98E+05 --
CHROMIUM 2.30E+02 5.95E+03 3.11E+01 1.35E-01 4.10E+00 1.78E-02
COBALT 2.30E+01 NA 4.12E+02 1.79E+01 1.04E+02 4.51E+00
COPPER 2.90E+01 8.59E+01 1.46E+04 5.03E+02 1.65E+03 5.70E+01
IRON 1.00E+03 NA 4.99E+05 4.99E+02 6.45E+04 6.45E+01
LEAD 4.70E+01 1.09E+01 7.10E-01 1.51E-02 2.52E-01 5.36E-03
MAGNESIUM NA NA 3.24E+05 -- 1.20E+05 --
MANGANESE 1.20E+02 NA 2.98E+04 2.48E+02 1.12E+04 9.30E+01
MERCURY 7.70E-01 5.00E+00 2.30E-01 2.99E-01 1.49E-01 1.94E-01
NICKEL 1.68E+02 1.68E+02 2.12E+02 1.26E+00 4.98E+01 2.96E-01
POTASSIUM NA NA 1.28E+04 -- 5.13E+03 --
SELENIUM 4.60E+00 3.30E+01 1.28E+01 2.78E+00 8.05E+00 1.75E+00
SILVER 3.49E+01 3.49E+01 8.68E+01 2.49E+00 7.00E+01 2.00E+00
SODIUM NA NA 6.57E+04 -- 4.30E+04 --
THALLIUM 4.00E+01 NA 2.80E-01 7.00E-03 1.59E-01 3.98E-03
VANADIUM 2.00E+01 NA 2.67E+01 1.34E+00 6.74E+00 3.37E-01

ZINC 3.80E+02 3.60E+03 1.62E+05 4.26E+02 2.34E+04 6.16E+01

Bold = value greater than HQ
1 - Values from Arizona Water Quality Standards (AWQS) provided for comparison only; all risk assessment models were run using values

from Surface Water TRV column, the National Ambient Water Quality Criteria.

Dissolved Concentrations

Chemical
Surface Water

Toxicity Reference
Value (mg/L)

AWQS Ephemeral
Surface Water TRV

(ug/L)1
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Table 7-25
Comparison of Exposure Point Concentrations (EPCs) in Sediment to Benthic Toxicity Reference Values

for the East Exposure Grouping

Chemical

Sediment
Toxicity

Reference
Value

(mg/kg)

Frequency
of Detection

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard
Quotient
for Mean

EPC

DIOXINS

1,2,3,4,6,7,8-HPCDD NA 4/5 1.90E-05 -- 8.00E-06 --
1,2,3,4,6,7,8-HPCDF NA 2/5 4.50E-06 -- 2.23E-06 --
OCDD NA 4/5 3.90E-04 -- 1.70E-04 --
OCDF NA 1/5 1.10E-05 -- 4.50E-06 --
TOTAL HPCDD NA 4/5 4.70E-05 -- 1.91E-05 --
TOTAL HPCDF NA 2/5 7.70E-06 -- 3.12E-06 --
TOTAL HXCDD NA 1/5 3.10E-06 -- 1.47E-06 --
TOTAL TCDF NA 1/5 7.20E-07 -- 5.92E-07 --
WHOTEQ NA 4/4 2.73E-07 -- 1.69E-07 --

INORGANICS

CHLORIDE NA 3 / 3 1.60E+03 -- -1.00E+04 --
CYANIDE (TOTAL) NA 18 / 54 1.20E+00 -- 4.61E-01 --
NITRATE AS N NA 3 / 7 2.00E+02 -- 1.01E+02 --
SULFATE NA 12 / 12 7.40E+04 -- 1.67E+04 --

METALS

ALUMINUM NA 53 / 53 1.98E+05 -- 2.36E+04 --
ANTIMONY 2.00E+00 37 / 53 3.10E+01 1.55E+01 6.48E+00 3.24E+00
ARSENIC 9.79E+00 53 / 53 2.32E+03 2.37E+02 3.48E+02 3.56E+01
BARIUM NA 53 / 53 7.56E+02 -- 1.56E+02 --
BERYLLIUM NA 32 / 53 2.81E+01 -- 2.77E+00 --
CADMIUM 9.90E-01 49 / 53 3.18E+01 3.21E+01 4.97E+00 5.02E+00
CALCIUM NA 53 / 53 5.34E+04 -- 1.21E+04 --
CHROMIUM 4.34E+01 53 / 53 4.33E+02 9.98E+00 4.31E+01 9.94E-01
COBALT NA 51 / 53 3.55E+01 -- 1.42E+01 --
COPPER 3.16E+01 53 / 53 6.96E+03 2.20E+02 1.03E+03 3.24E+01
IRON 2.00E+04 53 / 53 4.56E+05 2.28E+01 4.64E+04 2.32E+00
LEAD 3.58E+01 53 / 53 2.46E+03 6.87E+01 4.31E+02 1.20E+01
MAGNESIUM NA 53 / 53 3.22E+04 -- 7.36E+03 --
MANGANESE 4.60E+02 53 / 53 2.06E+03 4.48E+00 5.26E+02 1.14E+00
MERCURY 1.80E-01 53 / 53 1.95E+01 1.08E+02 2.16E+00 1.20E+01
NICKEL 2.27E+01 53 / 53 2.56E+02 1.13E+01 3.33E+01 1.47E+00
POTASSIUM NA 52 / 53 1.46E+04 -- 2.47E+03 --
SELENIUM NA 53 / 53 3.10E+01 -- 7.53E+00 --
SILVER 1.00E+00 53 / 53 2.02E+01 2.02E+01 4.94E+00 4.94E+00
SODIUM NA 48 / 53 1.62E+04 -- 9.01E+02 --
THALLIUM NA 51 / 53 6.80E+00 -- 3.12E+00 --
VANADIUM NA 50 / 53 7.24E+01 -- 4.06E+01 --
ZINC 1.21E+02 29 / 53 6.32E+03 5.22E+01 1.53E+03 1.27E+01
VOLATILES
ACETOPHENONE NA 2/3 1.70E-01 -- 8.86E-01 --

Bold = value greater than HQ
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Table 7-26
Comparison of Modeled Wildlife Doses to Mammals to Mammalian TRVs for the

for the East Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw

day)

Dose to
Predatory
Mammals
(mg/kg-bw

day)
DIOXINS

WHOTEQ 1.00E-06 1.00E-05 4.17E-06 1.01E-03 3.88E-07 1.16E-06 2.22E-04 1.08E-07 6.93E-06 1.83E-03 6.45E-07

INORGANICS

CHLORIDE NA NA 1.46E+02 3.67E+02 2.96E+01 1.39E+01 3.49E+01 2.82E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.87E+01 NA 2.19E-02 3.68E-01 3.02E-02 7.03E-03 1.04E-01 8.70E-03 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N 5.07E+02 1.13E+03 1.83E+01 4.59E+01 3.70E+00 1.91E+00 4.79E+00 3.87E-01 0.00E+00 0.00E+00 0.00E+00
NITRITE AS N NA NA 2.04E-05 1.02E-05 4.50E-06 7.20E-06 2.89E-05 1.28E-05 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 6.77E+03 1.70E+04 1.37E+03 6.90E+02 1.73E+03 1.40E+02 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.93E+00 1.93E+01 1.47E+03 1.04E+04 4.06E+02 2.67E+02 1.94E+03 7.17E+01 1.51E+02 1.11E+03 4.00E+01
ANTIMONY 5.90E-02 1.25E+00 2.94E+00 2.87E+01 6.41E-02 2.41E-01 2.34E+00 5.48E-03 1.51E-01 1.47E+00 3.25E-03
ARSENIC 1.04E+00 1.26E+00 1.35E+02 5.87E+02 1.07E+01 2.27E+00 1.07E+01 1.74E-01 2.25E-01 1.09E+00 1.44E-02
BARIUM 5.18E+01 4.36E+02 3.02E+01 5.00E+01 1.80E+00 5.08E+00 1.48E+02 3.67E-01 7.82E+00 2.38E+01 5.04E-01
BERYLLIUM 5.32E-01 NA 2.10E-01 7.48E+00 1.54E-02 2.39E-02 8.51E-01 1.79E-03 5.37E-03 1.93E-01 3.69E-04
BROMIDE NA NA 4.32E-05 6.12E-05 2.70E-05 3.07E-05 4.35E-05 1.92E-05 2.28E-02 3.23E-02 1.43E-02
CADMIUM 7.70E-01 1.00E+01 1.20E+00 6.02E+01 1.69E-01 1.92E-01 7.54E+00 3.46E-02 3.88E-02 9.60E-01 8.48E-03
CALCIUM NA NA 4.72E+04 3.57E+04 1.28E+02 6.43E+03 4.87E+03 2.66E+01 2.92E+03 2.21E+03 9.85E+00
CHROMIUM 2.40E+00 1.31E+01 1.29E+01 4.87E+01 1.93E+00 8.40E-01 4.85E+00 1.97E-01 1.83E-01 2.63E+00 5.80E-02
CHROMIUM VI 9.24E+00 NA 1.29E-01 2.47E+00 4.39E-02 7.07E-02 2.34E+00 2.74E-02 0.00E+00 0.00E+00 0.00E+00
COBALT 7.33E+00 1.18E+02 5.38E-01 5.13E+00 1.68E-01 1.47E-01 1.47E+00 4.32E-02 1.97E-01 2.04E+00 5.54E-02
COPPER 5.60E+00 1.54E+01 1.95E+02 7.60E+02 1.59E+01 2.28E+01 6.21E+01 1.50E+00 2.25E+00 5.12E+00 2.90E-01
FLUORIDE NA NA 6.84E-05 9.69E-05 4.28E-05 5.11E-05 7.24E-05 3.20E-05 0.00E+00 0.00E+00 0.00E+00
IRON NA NA 3.21E+03 1.94E+04 3.09E+02 2.37E+02 1.42E+03 2.34E+01 2.53E+02 1.55E+03 2.13E+01
LEAD 4.70E+00 8.00E+01 5.19E+01 4.10E+02 5.05E+00 3.64E+00 3.41E+01 5.42E-01 2.73E-01 2.57E+00 8.76E-02
MAGNESIUM NA NA 4.41E+03 6.46E+03 4.92E+01 9.57E+02 1.40E+03 9.93E+00 1.29E+03 1.89E+03 8.68E+00
MANGANESE 5.15E+01 2.84E+02 1.10E+02 1.31E+02 8.14E+00 2.04E+01 2.76E+01 1.46E+00 2.50E+01 3.30E+01 1.40E+00
MERCURY 1.32E+01 NA 4.77E-01 1.16E+00 1.52E-01 4.59E-02 1.42E-01 5.54E-03 9.86E-03 8.12E-02 4.13E-04
NICKEL 1.70E+00 8.00E+01 1.00E+01 3.40E+01 1.03E+00 9.90E-01 5.17E+00 1.79E-01 7.63E-01 4.67E+00 1.48E-01
POTASSIUM NA NA 3.71E+03 9.30E+03 2.80E+01 3.04E+02 7.60E+02 2.46E+00 1.04E+02 2.61E+02 8.96E-01
SELENIUM 1.43E-01 3.30E-01 4.51E+00 5.51E+00 8.84E-02 3.94E-01 9.32E-01 2.81E-02 4.88E-02 2.12E-01 1.23E-02
SILVER 6.02E+00 1.16E+02 1.61E+01 1.24E+03 3.78E+00 3.45E-01 2.66E+01 8.13E-02 5.70E-02 4.40E+00 1.34E-02
SODIUM NA NA 5.63E+02 9.85E+03 3.60E+01 3.60E+01 5.50E+02 5.10E+00 1.80E+01 2.20E+02 4.47E+00
THALLIUM 7.40E-03 7.40E-02 6.35E-02 2.11E+00 2.51E-02 1.71E-02 5.66E-01 6.76E-03 1.64E-02 5.45E-01 6.46E-03
VANADIUM 4.16E+00 NA 1.19E+00 3.41E+01 6.34E-01 3.24E-01 9.39E+00 1.73E-01 5.56E-01 1.62E+01 2.96E-01

ZINC 7.54E+01 3.20E+02 5.88E+02 2.22E+03 4.58E+01 3.84E+01 2.48E+02 4.32E+00 6.10E+00 8.25E+01 2.27E+00

Mean Case Scenario Background Mean Case ScenarioMaximum Case Scenario

Chemical

Mammalian TRVs
(mg/kg-bw day)
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Table 7-26
Comparison of Modeled Wildlife Doses to Mammals to Mammalian TRVs for the

for the East Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw

day)

Dose to
Predatory
Mammals
(mg/kg-bw

day)

Mean Case Scenario Background Mean Case ScenarioMaximum Case Scenario

Chemical

Mammalian TRVs
(mg/kg-bw day)

PAHS

TOTAL HMW PAH 6.15E-01 1.08E+01 4.29E-02 4.67E-01 3.17E-03 2.56E-02 2.93E-01 2.21E-03 0.00E+00 0.00E+00 0.00E+00
TOTAL LMW PAH 6.56E+01 4.34E+02 1.90E-01 2.37E-01 1.20E-03 2.53E-01 2.04E-01 8.85E-04 0.00E+00 0.00E+00 0.00E+00

PCBS

AROCLOR-1248 1.00E-02 1.00E-01 6.75E-03 7.78E-01 7.00E-04 1.90E-03 1.41E-01 1.97E-04 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1254 6.80E-02 6.80E-01 5.52E-04 2.69E-02 5.72E-05 3.48E-04 1.46E-02 3.61E-05 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1260 NA NA 2.05E-04 7.83E-03 4.93E-05 2.33E-04 9.24E-03 5.59E-05 0.00E+00 0.00E+00 0.00E+00

Total PCBS 1.00E-02 1.00E-01 6.34E-03 8.12E-01 2.40E-02 3.50E-03 3.65E-01 1.33E-02 0.00E+00 0.00E+00 0.00E+00

PESTICIDES

4,4'-DDE 1.47E-01 4.00E+00 7.44E-05 1.80E-02 5.40E-06 4.12E-05 9.96E-03 2.99E-06 0.00E+00 0.00E+00 0.00E+00
4,4'-DDT 1.47E-01 4.00E+00 1.66E-05 4.45E-03 1.84E-06 2.46E-05 6.58E-03 2.72E-06 0.00E+00 0.00E+00 0.00E+00
Total DDTr 1.47E-01 4.00E+00 9.28E-05 2.24E-02 1.99E-05 9.28E-05 2.24E-02 1.99E-05 0.00E+00 0.00E+00 0.00E+00
DELTA-BHC 1.60E+00 3.20E+00 3.04E-04 3.90E-03 8.59E-06 1.03E-04 1.32E-03 2.91E-06 0.00E+00 0.00E+00 0.00E+00
DIELDRIN 1.50E-02 2.00E-01 2.04E-05 8.96E-04 1.17E-06 3.13E-05 1.37E-03 1.79E-06 0.00E+00 0.00E+00 0.00E+00
ENDOSULFAN I 1.50E-01 NA 7.55E-05 4.59E-04 1.01E-06 7.55E-05 4.59E-04 1.01E-06 0.00E+00 0.00E+00 0.00E+00
HEPTACHLOR 1.00E-01 1.00E+00 5.76E-05 2.52E-04 3.69E-06 2.63E-05 1.15E-04 1.68E-06 0.00E+00 0.00E+00 0.00E+00
HEPTACHLOR EPOXIDE 1.00E-01 1.00E+00 3.54E-04 8.63E-04 1.33E-05 1.10E-04 2.67E-04 4.11E-06 0.00E+00 0.00E+00 0.00E+00

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 1.83E+01 1.83E+02 3.37E-03 7.57E-02 1.71E-04 2.30E-03 5.18E-02 1.17E-04 0.00E+00 0.00E+00 0.00E+00
DI-N-BUTYLPHTHALATE 5.50E+02 1.83E+03 8.89E-04 1.49E-02 3.31E-05 4.32E-03 7.26E-02 1.61E-04 0.00E+00 0.00E+00 0.00E+00

VOLATILES

ACETOPHENONE NA NA 6.17E-02 3.90E-02 3.15E-03 8.85E-02 5.59E-02 4.51E-03 0.00E+00 0.00E+00 0.00E+00

Bold = value greater than NOAEL
Bold & Italics = value greater than LOAEL
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Table 7-27
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs for the

for the East Exposure Grouping

NOAEL LOAEL
Dose to

Herbivorous Birds
(mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Piscivorous
Birds (mg/kg-bw

day)

Dose to
Herbivorous Birds

(mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to
Piscivorous Birds
(mg/kg-bw day)

Dose to
Herbivorous

Birds (mg/kg-
bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory

Birds (mg/kg-
bw day)

Dose to
Piscivorous

Birds (mg/kg-
bw day)

DIOXINS

WHOTEQ 1.40E-05 1.40E-04 1.28E-05 3.98E-04 3.53E-07 1.14E-09 3.56E-06 8.77E-05 9.80E-08 7.08E-10 2.13E-05 7.25E-04 5.87E-07 0.00E+00

INORGANICS

CHLORIDE NA NA 3.71E+02 1.41E+02 4.40E+01 6.70E+00 3.52E+01 1.34E+01 4.19E+00 -4.18E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) NA NA 6.17E-02 1.48E-01 4.45E-02 2.42E-01 1.79E-02 4.37E-02 1.27E-02 1.30E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N NA NA 4.63E+01 1.76E+01 5.50E+00 8.38E-01 4.84E+00 1.84E+00 5.74E-01 4.23E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NITRITE AS N NA NA 1.19E-05 5.28E-05 3.42E-06 5.40E-06 3.38E-05 1.50E-04 9.69E-06 1.53E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 1.71E+04 6.51E+03 2.04E+03 3.10E+02 1.75E+03 6.64E+02 2.07E+02 7.01E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.10E+02 NA 4.52E+03 3.86E+03 4.38E+02 8.98E+02 8.31E+02 6.73E+02 7.87E+01 1.03E+02 4.73E+02 3.73E+02 4.42E+01 4.55E+01
ANTIMONY 5.10E+00 1.28E+01 7.86E+00 1.10E+01 1.21E-03 1.30E-01 6.42E-01 9.01E-01 2.87E-04 2.75E-02 4.03E-01 5.64E-01 3.74E-05 0.00E+00
ARSENIC 2.24E+00 7.40E+00 4.26E+02 1.73E+02 7.87E-01 9.96E+00 6.96E+00 3.43E+00 2.84E-02 1.48E+00 6.64E-01 3.66E-01 3.31E-03 1.02E-01
BARIUM 2.08E+01 4.17E+01 8.13E+01 3.46E+01 1.35E+00 4.00E+00 1.38E+01 5.56E+00 3.45E-01 7.08E-01 2.12E+01 8.33E+00 4.53E-01 5.25E-01
BERYLLIUM NA NA 6.43E-01 2.89E+00 1.03E-03 1.61E-01 7.33E-02 3.30E-01 1.46E-04 1.79E-02 1.65E-02 7.44E-02 4.23E-06 1.66E-03
BROMIDE NA NA 7.16E-05 3.17E-04 2.05E-05 3.24E-05 5.09E-05 2.25E-04 1.46E-05 2.30E-05 3.78E-02 1.67E-01 1.08E-02 1.71E-02
CADMIUM 1.45E+00 2.00E+01 3.32E+00 2.39E+01 1.74E-01 9.92E-01 5.01E-01 3.00E+00 4.60E-02 1.08E-01 9.84E-02 3.79E-01 1.26E-02 1.89E-03
CALCIUM NA NA 1.18E+05 1.42E+04 3.83E+01 2.83E+02 1.60E+04 2.04E+03 1.22E+01 6.98E+01 7.28E+03 9.01E+02 3.84E+00 4.44E+01
CHROMIUM 2.66E+00 5.00E+00 3.99E+01 1.41E+01 1.56E+00 2.69E+00 2.60E+00 1.58E+00 2.11E-01 2.94E-01 5.68E-01 9.68E-01 6.89E-02 8.12E-02
CHROMIUM VI NA NA 4.01E-01 9.28E-01 5.33E-02 1.86E-01 2.19E-01 8.99E-01 3.42E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
COBALT 7.61E+00 2.67E+01 1.56E+00 2.20E+00 1.87E-01 1.86E-01 4.36E-01 5.74E-01 4.99E-02 6.42E-02 5.95E-01 7.43E-01 6.59E-02 6.14E-02
COPPER 4.05E+00 6.17E+01 6.07E+02 2.30E+02 1.77E+00 3.37E+02 6.56E+01 1.92E+01 6.80E-01 2.01E+01 5.88E+00 1.83E+00 3.90E-01 2.06E-01
FLUORIDE NA NA 1.13E-04 5.02E-04 3.25E-05 5.13E-05 8.48E-05 3.75E-04 2.43E-05 3.83E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON NA NA 9.93E+03 6.80E+03 8.70E+01 1.96E+03 7.32E+02 5.08E+02 6.89E+00 1.99E+02 7.89E+02 5.05E+02 4.30E+00 1.04E+02
LEAD 1.63E+00 1.13E+01 1.61E+02 1.44E+02 1.79E+00 2.00E+01 1.09E+01 1.25E+01 4.63E-01 2.67E+00 7.75E-01 9.54E-01 1.17E-01 6.52E-02
MAGNESIUM NA NA 1.11E+04 2.68E+03 1.97E+01 1.64E+02 2.42E+03 5.73E+02 3.73E+00 3.62E+01 3.26E+03 7.21E+02 1.42E+00 2.65E+01
MANGANESE 9.97E+02 NA 2.87E+02 6.41E+01 7.83E+00 5.30E+02 5.32E+01 1.26E+01 1.42E+00 8.62E+01 6.59E+01 1.05E+01 1.45E+00 3.56E+00
MERCURY 4.50E-01 9.00E-01 1.35E+00 3.64E-01 2.01E-01 1.73E+00 1.19E-01 5.50E-02 7.24E-03 2.85E-01 2.49E-02 3.19E-02 5.51E-04 3.14E-04
NICKEL 7.74E+01 1.07E+02 3.04E+01 9.97E+00 6.06E-01 1.34E+00 2.92E+00 1.77E+00 1.90E-01 1.84E-01 2.25E+00 1.62E+00 1.65E-01 6.57E-02
POTASSIUM NA NA 9.39E+03 3.62E+03 8.13E+00 6.65E+01 7.68E+02 2.97E+02 7.97E-01 1.10E+01 2.64E+02 1.03E+02 3.13E-01 6.79E+00
SELENIUM 5.00E-01 1.00E+00 1.15E+01 2.01E+00 8.66E-02 2.94E-01 1.01E+00 3.55E-01 3.74E-02 1.10E-01 1.26E-01 8.12E-02 1.80E-02 1.19E-02
SILVER 2.02 6.05E+01 4.17E+01 4.92E+02 5.47E+00 1.76E-01 8.93E-01 1.05E+01 1.17E-01 4.47E-02 1.48E-01 1.74E+00 1.94E-02 3.69E-03
SODIUM NA NA 1.58E+03 3.84E+03 1.79E+01 7.42E+01 9.54E+01 2.48E+02 3.36E+00 7.87E+00 4.38E+01 1.26E+02 3.20E+00 4.87E+00
THALLIUM 3.50E-01 NA 1.98E-01 8.11E-01 3.12E-02 1.05E-01 5.33E-02 2.18E-01 8.39E-03 4.04E-02 5.12E-02 2.09E-01 8.04E-03 9.53E-03
VANADIUM 3.44E-01 NA 3.67E+00 1.32E+01 8.29E-01 3.21E-01 1.01E+00 3.61E+00 2.27E-01 1.72E-01 1.73E+00 6.21E+00 3.90E-01 2.25E-01
ZINC 6.61E+01 1.31E+02 1.70E+03 8.41E+02 1.50E+01 1.32E+02 1.02E+02 1.01E+02 4.71E+00 1.24E+01 1.56E+01 3.24E+01 3.39E+00 3.05E-01

PAHS

TOTAL HMW PAH 3.37E+00 3.37E+01 1.61E-01 1.70E-01 9.82E-04 0.00E+00 9.89E-02 1.07E-01 9.21E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL LMW PAH 3.37E+00 3.37E+01 5.19E-01 8.68E-02 2.21E-05 0.00E+00 6.14E-01 7.59E-02 9.13E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

PCBS
AROCLOR-1248 1.80E-01 1.40E+02 3.07E-02 3.06E-01 3.53E-04 0.00E+00 8.64E-03 5.52E-02 9.93E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1254 1.80E-01 1.80E+00 1.57E-03 1.05E-02 2.88E-05 0.00E+00 9.93E-04 5.65E-03 1.82E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AROCLOR-1260 1.80E-01 9.88E+01 6.73E-04 3.01E-03 5.22E-05 0.00E+00 7.63E-04 3.56E-03 5.92E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total PCBS 1.80E-01 1.80E+00 4.05E-02 3.19E-01 3.59E-02 0.00E+00 2.24E-02 1.43E-01 1.99E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Chemical

Avian TRVs (mg/kg-
bw day) Background Mean Case ScenarioMaximum Case Scenario Mean Case Scenario
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Table 7-27
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs for the

for the East Exposure Grouping

NOAEL LOAEL
Dose to

Herbivorous Birds
(mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Piscivorous
Birds (mg/kg-bw

day)

Dose to
Herbivorous Birds

(mg/kg-bw day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to
Piscivorous Birds
(mg/kg-bw day)

Dose to
Herbivorous

Birds (mg/kg-
bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory

Birds (mg/kg-
bw day)

Dose to
Piscivorous

Birds (mg/kg-
bw day)

Chemical

Avian TRVs (mg/kg-
bw day) Background Mean Case ScenarioMaximum Case Scenario Mean Case Scenario

PESTICIDES

4,4'-DDE 2.27E-01 NA 2.02E-04 7.10E-03 7.87E-07 0.00E+00 1.12E-04 3.93E-03 4.36E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4,4'-DDT 2.27E-01 NA 4.96E-05 1.76E-03 9.57E-07 0.00E+00 7.34E-05 2.60E-03 1.42E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total DDTr 2.27E-01 NA 2.59E-04 8.86E-03 2.11E-05 0.00E+00 2.59E-04 8.86E-03 2.11E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DELTA-BHC 5.60E-01 2.25E+00 3.68E-04 1.50E-03 3.45E-08 0.00E+00 1.24E-04 5.06E-04 1.17E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DIELDRIN 7.09E-02 1.00E+01 5.21E-05 3.49E-04 1.24E-08 0.00E+00 7.98E-05 5.34E-04 1.90E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ENDOSULFAN I 1.00E+01 NA 9.77E-05 1.76E-04 1.94E-09 0.00E+00 9.77E-05 1.76E-04 1.94E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
HEPTACHLOR 9.90E-01 NA 2.29E-04 7.82E-05 2.03E-08 0.00E+00 1.04E-04 3.56E-05 9.24E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
HEPTACHLOR EPOXIDE 9.90E-01 NA 1.22E-03 2.68E-04 1.02E-06 0.00E+00 3.79E-04 8.30E-05 3.15E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 1.10E+00 7.63E+02 1.31E-02 2.90E-02 6.72E-06 0.00E+00 8.93E-03 1.99E-02 4.60E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.76E-04
DI-N-BUTYLPHTHALATE 1.10E-01 1.10E+00 2.19E-03 5.72E-03 5.24E-07 0.00E+00 1.07E-02 2.78E-02 2.55E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

VOLATILES

ACETOPHENONE NA NA 9.86E-01 1.50E-02 4.68E-03 7.11E-04 1.41E+00 2.14E-02 6.70E-03 3.71E-03 0.00E+00 0.00E+00 0.00E+00 5.86E-04

Bold = value greater than NOAEL
Bold & Italics = value greater than LOAEL
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Table 7-28
Frequency of Detection and Exposure Point Concentrations

for the Agua Fria Exposure Grouping

Analyte Surface Water Accessible for Drinking
by Wildlife (Total Concentrations) Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/L) Mean (mg/L) Frequency Maximum

(mg/kg)
Mean

(mg/kg) Frequency Maximum
(ug/L)

Mean
(ug/L) Frequency Maximum

(ug/L)
Mean
(ug/L)

INORGANICS

CHLORIDE 1 / 1 5.90E-02 -- 2 / 2 1.60E+01 -- -- -- -- 1 / 1 5.90E+01 --

CYANIDE (TOTAL) 6 / 16 8.30E-03 6.68E-03 4 / 24 2.50E-01 1.48E-01 -- -- -- 6 / 16 8.30E+00 6.68E+00

NITRATE AS N 3 / 3 9.40E-03 -- 5 / 7 6.60E+00 2.48E+00 -- -- -- 3 / 3 9.40E+00 --

NITRITE AS N 1 / 3 6.00E-05 -- -- -- -- -- -- -- 1 / 3 6.00E-02 --

SULFATE 3 / 3 9.60E-02 -- 7 / 7 220 48.43 -- -- -- 3 / 3 9.60E+01 --

METALS

ALUMINUM 16 / 16 1.21E+01 1.45E+00 22 / 22 1.10E+05 1.68E+04 2/12 1.47E+01 4.71E+01 16 / 16 1.21E+04 1.45E+03

ANTIMONY 1 / 17 -- -- 8 / 24 3.25E+01 5.18E+00 1/16 2.00E+00 1.09E+00 1 / 17 2.00E+00 1.04E+00

ARSENIC 16 / 16 1.24E-02 6.27E-03 24 / 24 1.51E+03 1.02E+02 15/15 7.30E+00 5.21E+00 16 / 16 1.24E+01 6.27E+00

BARIUM 16 / 16 2.87E-01 1.18E-01 24 / 24 3.06E+02 1.15E+02 15/15 1.11E+02 9.48E+01 16 / 16 2.87E+02 1.18E+02

BERYLLIUM 3 / 17 6.60E-05 5.13E-05 19 / 23 5.70E+00 8.52E-01 10 / 25 1.80E+01 1.13E+01 3 / 17 6.60E-02 5.13E-02

BROMIDE 3/3 1.90E-01 1.80E-01 -- -- -- -- -- -- 3/3 1.90E+02 1.80E+02

CADMIUM 7 / 16 2.50E-03 7.38E-04 22 / 22 1.27E+01 3.91E+00 8/15 2.30E+00 5.57E-01 7 / 16 2.50E+00 7.38E-01

CALCIUM 16 / 16 9.24E+01 7.30E+01 17/17 5.47E+04 1.58E+04 15/15 9.31E+04 7.35E+04 16 / 16 9.24E+04 7.30E+04

CHROMIUM 15 / 16 1.49E-02 3.71E-03 24 / 24 1.16E+03 7.29E+01 15/15 2.30E+00 1.34E+00 15 / 16 1.49E+01 3.71E+00

COBALT 15 / 16 5.70E-03 2.32E-03 21 / 22 2.81E+01 1.18E+01 15/16 7.90E+00 5.06E+00 15 / 16 5.70E+00 2.32E+00

COPPER 16 / 16 1.54E-01 2.26E-02 24 / 24 8.03E+03 5.93E+02 12/15 5.23E+01 1.02E+01 16 / 16 1.54E+02 2.26E+01

FLUORIDE 1 / 1 3.20E-04 -- -- -- -- -- -- -- 1 / 1 3.20E-01 --

IRON 16 / 16 1.16E+01 1.44E+00 24 / 24 5.61E+04 2.12E+04 10/15 1.40E+02 3.96E+01 16 / 16 1.16E+04 1.44E+03

LEAD 8 / 16 8.80E-03 2.76E-03 24 / 24 7.34E+03 3.90E+02 5/15 1.40E-01 1.11E-01 8 / 16 8.80E+00 2.76E+00

MAGNESIUM 16 / 16 2.08E+01 1.77E+01 22 / 22 1.38E+04 5.44E+03 13/13 2.11E+04 1.75E+04 16 / 16 2.08E+04 1.77E+04

MANGANESE 16 / 16 2.95E-01 8.97E-02 24 / 24 2.03E+03 5.37E+02 15/15 2.56E+02 5.52E+01 16 / 16 2.95E+02 8.97E+01

MERCURY 2 / 16 1.30E-04 1.01E-04 7 / 24 3.79E+01 5.90E+00 2/16 1.00E-01 1.75E-01 2 / 16 1.30E-01 1.01E-01

NICKEL 16 / 16 2.35E-02 1.05E-02 22 / 22 8.77E+02 6.29E+01 15/15 6.20E+00 4.74E+00 16 / 16 2.35E+01 1.05E+01

POTASSIUM 16 / 16 9.39E+00 4.73E+00 21 / 22 3.32E+03 1.68E+03 6/14 9.31E+03 6.24E+03 16 / 16 9.39E+03 4.73E+03

SELENIUM 2 / 16 1.50E-03 1.30E-03 8 / 25 6.19E+01 1.03E+01 2/15 1.50E+00 1.25E+00 2 / 16 1.50E+00 1.30E+00

SILVER -- -- -- 9 / 24 3.58E+01 9.85E+00 1/15 1.90E-02 9.42E-01 -- -- --

SODIUM 16 / 16 7.08E+01 5.76E+01 21 / 22 1.38E+03 3.19E+02 15/15 7.13E+04 6.10E+04 16 / 16 7.08E+04 5.76E+04

THALLIUM 1 / 17 8.80E-06 1.06E-03 2 / 24 4.90E+00 3.20E+00 1/15 1.30E-02 1.07E+00 1 / 17 8.80E-03 1.06E+00

VANADIUM 16 / 16 2.72E-02 1.08E-02 22 / 22 8.52E+01 4.15E+01 15/15 1.35E+01 8.51E+00 16 / 16 2.72E+01 1.08E+01

ZINC 16 / 16 7.38E-01 1.22E-01 24 / 24 4.13E+03 6.06E+02 15/15 5.20E+02 7.50E+01 16 / 16 7.38E+02 1.22E+02

VOLATILES

ACETOPHENONE -- -- -- 2/2 3.90E-01 2.26E-01 -- -- -- -- -- --
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Table 7-29
Comparison of Exposure Point Concentrations (EPCs) in Surface Water to Aquatic Organism Toxicity Reference Values

for the Agua Fria Exposure Grouping

Maximum EPC
(ug/L)

HQ for
Maximum EPC

Mean EPC
(ug/L)

HQ for Mean
EPC

METALS

ALUMINUM 8.70E+01 NA 1.47E+01 1.69E-01 4.71E+01 5.42E-01
ANTIMONY 3.00E+01 3.00E+01 2.00E+00 6.67E-02 1.09E+00 3.64E-02
ARSENIC 1.50E+02 1.50E+02 7.30E+00 4.87E-02 5.21E+00 3.47E-02
BARIUM 4.00E+00 NA 1.11E+02 2.78E+01 9.48E+01 2.37E+01
BERYLLIUM 5.30E+00 NA 1.80E+01 3.40E+00 1.13E+01 2.12E+00
CADMIUM

2 4.90E-01 1.47E+00 2.30E+00 4.69E+00 5.57E-01 1.14E+00
CALCIUM NA NA 9.31E+04 -- 7.35E+04 --
CHROMIUM

2 1.65E+02 2.31E+02 2.30E+00 1.39E-02 1.34E+00 8.14E-03

COBALT 2.30E+01 NA 7.90E+00 3.43E-01 5.06E+00 2.20E-01

COPPER
2 2.10E+01 2.93E+01 5.23E+01 2.49E+00 1.02E+01 4.87E-01

IRON 1.00E+03 NA 1.40E+02 1.40E-01 3.96E+01 3.96E-02

LEAD
2 3.00E+01 2.81E+02 1.40E-01 4.67E-03 1.11E-01 3.70E-03

MAGNESIUM NA NA 2.11E+04 -- 1.75E+04 --
MANGANESE 1.20E+02 NA 2.56E+02 2.13E+00 5.52E+01 4.60E-01
MERCURY 7.70E-01 2.40E+00 1.00E-01 1.30E-01 1.75E-01 2.27E-01

NICKEL
2 1.20E+02 1.51E+03 6.20E+00 5.17E-02 4.74E+00 3.95E-02

POTASSIUM NA NA 9.31E+03 -- 6.24E+03 --
SELENIUM 4.60E+00 2.00E+00 1.50E+00 3.26E-01 1.25E+00 2.72E-01

SILVER
2 1.70E+01 NA 1.90E-02 1.12E-03 9.42E-01 5.54E-02

SODIUM NA NA 7.13E+04 -- 6.10E+04 --
THALLIUM 4.00E+01 1.50E+02 1.30E-02 3.25E-04 1.07E+00 2.67E-02
VANADIUM 2.00E+01 NA 1.35E+01 6.75E-01 8.51E+00 4.26E-01

ZINC
2 2.70E+02 3.79E+02 5.20E+02 1.93E+00 7.50E+01 2.78E-01

Bold = HQ greater than 1.0
1 - Values from Arizona Water Quality Standards (AWQS) provided for comparison only; all risk assessment models were run using values

from Surface Water TRV column, the National Ambient Water Quality Criteria.
2 - TRVs for these metals differ from those presented in Table 7-11 because they have been adjusted for the average hardness of the Agua Fira (266 mg/L).

Dissolved Concentrations

Chemical
Surface Water

Toxicity Reference
Value (mg/L)

AWQS Warm Waters
Surface Water TRV

(ug/L)1
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Table 7-30

Comparison of Exposure Point Concentrations (EPCs) in Sediment to Benthic Toxicity Reference Values

for the Agua Fria Exposure Grouping

Chemical

Sediment
Toxicity

Reference
Value

(mg/kg)

Frequency
of

Detection

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard
Quotient for
Maximum

EPC

Mean Exposure Point
Concentration (mg/kg

dry wt)

Hazard
Quotient for
Mean EPC

INORGANICS

CHLORIDE NA 2 / 2 1.60E+01 -- -- --
CYANIDE (TOTAL) NA 4 / 24 2.50E-01 -- 1.48E-01 --
NITRATE AS N NA 5 / 7 6.60E+00 -- 2.48E+00 --
NITRITE AS N NA -- -- -- -- --
SULFATE NA 7 / 7 2.20E+02 -- 4.84E+01 --

METALS

ALUMINUM NA 22 / 22 1.10E+05 -- 1.68E+04 --
ANTIMONY 2.00E+00 8 / 24 3.25E+01 1.63E+01 5.18E+00 2.59E+00
ARSENIC 9.79E+00 24 / 24 1.51E+03 1.54E+02 1.02E+02 1.04E+01
BARIUM NA 24 / 24 3.06E+02 -- 1.15E+02 --
BERYLLIUM NA 19 / 23 5.70E+00 -- 8.52E-01 --
BROMIDE NA -- -- -- -- --
CADMIUM 9.90E-01 22 / 22 1.27E+01 1.28E+01 3.91E+00 3.95E+00
CALCIUM NA 17/17 5.47E+04 -- 1.58E+04 --
CHROMIUM 4.34E+01 24 / 24 1.16E+03 2.67E+01 7.29E+01 1.68E+00
COBALT NA 21 / 22 2.81E+01 -- 1.18E+01 --
COPPER 3.16E+01 24 / 24 8.03E+03 2.54E+02 5.93E+02 1.88E+01
IRON 2.00E+04 24 / 24 5.61E+04 2.81E+00 2.12E+04 1.06E+00
LEAD 3.58E+01 24 / 24 7.34E+03 2.05E+02 3.90E+02 1.09E+01
MAGNESIUM NA 22 / 22 1.38E+04 -- 5.44E+03 --
MANGANESE 4.60E+02 24 / 24 2.03E+03 4.41E+00 5.37E+02 1.17E+00
MERCURY 1.80E-01 7 / 24 3.79E+01 2.11E+02 5.90E+00 3.28E+01
NICKEL 2.27E+01 22 / 22 8.77E+02 3.86E+01 6.29E+01 2.77E+00
POTASSIUM NA 21 / 22 3.32E+03 -- 1.68E+03 --
SELENIUM NA 8 / 25 6.19E+01 -- 1.03E+01 --
SILVER 1.00E+00 9 / 24 3.58E+01 3.58E+01 9.85E+00 9.85E+00
SODIUM NA 21 / 22 1.38E+03 -- 3.19E+02 --
THALLIUM NA 2 / 24 4.90E+00 -- 3.20E+00 --
VANADIUM NA 22 / 22 8.52E+01 -- 4.15E+01 --
ZINC 1.21E+02 24 / 24 4.13E+03 3.41E+01 6.06E+02 5.00E+00

VOLATILES

ACETOPHENONE NA 2/2 3.90E-01 -- 2.26E-01 --

Bold = HQ greater than 1.0
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Table 7-31
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs for the

for the Agua Fria Exposure Grouping

NOAEL LOAEL
Dose to

Piscivorous Birds
(mg/kg-bw day)

Dose to
Piscivorous Birds
(mg/kg-bw day)

Dose to
Piscivorous

Birds (mg/kg-
bw day)

DIOXINS

WHOTEQ 1.40E-05 1.40E-04 0.00E+00 0.00E+00 0.00E+00

INORGANICS

CHLORIDE NA NA 7.23E-02 0.00E+00 0.00E+00
CYANIDE (TOTAL) NA NA 2.38E-01 1.91E-01 0.00E+00
NITRATE AS N NA NA 2.85E-02 1.04E-02 0.00E+00
NITRITE AS N NA NA 5.40E-06 0.00E+00 0.00E+00
SULFATE NA NA 9.29E-01 2.03E-01 0.00E+00

METALS

ALUMINUM 1.10E+02 NA 4.62E+02 7.06E+01 4.55E+01
ANTIMONY 5.10E+00 1.28E+01 1.36E-01 2.17E-02 0.00E+00
ARSENIC 2.24E+00 7.40E+00 6.32E+00 4.27E-01 1.02E-01
BARIUM 2.08E+01 4.17E+01 1.35E+00 5.09E-01 5.25E-01
BERYLLIUM NA NA 2.40E-02 3.71E-03 1.66E-03
BROMIDE NA NA 1.71E-02 1.62E-02 1.71E-02
CADMIUM 1.45E+00 2.00E+01 5.99E-02 1.84E-02 1.89E-03
CALCIUM NA NA 2.37E+02 7.27E+01 4.44E+01
CHROMIUM 2.66E+00 5.00E+00 4.99E+00 3.39E-01 8.12E-02
COBALT 7.61E+00 2.67E+01 1.18E-01 4.97E-02 6.14E-02
COPPER 4.05E+00 6.17E+01 3.68E+01 2.95E+00 2.06E-01
FLUORIDE NA NA 2.88E-05 0.00E+00 0.00E+00
IRON NA NA 2.36E+02 8.87E+01 1.04E+02
LEAD 1.63E+00 1.13E+01 3.07E+01 1.64E+00 6.52E-02
MAGNESIUM NA NA 5.96E+01 2.43E+01 2.65E+01
MANGANESE 9.97E+02 NA 1.38E+01 3.87E+00 3.56E+00
MERCURY 4.50E-01 9.00E-01 1.69E-01 3.29E-02 3.14E-04
NICKEL 7.74E+01 1.07E+02 3.70E+00 2.76E-01 6.57E-02
POTASSIUM NA NA 1.47E+01 7.44E+00 6.79E+00
SELENIUM 5.00E-01 1.00E+00 2.75E-01 5.72E-02 1.19E-02
SILVER 2.02 6.05E+01 1.50E-01 4.12E-02 3.69E-03
SODIUM NA NA 1.21E+01 6.52E+00 4.87E+00
THALLIUM 3.50E-01 NA 2.09E-02 6.11E-02 9.53E-03
VANADIUM 3.44E-01 NA 3.59E-01 1.74E-01 2.25E-01
ZINC 6.61E+01 1.31E+02 1.77E+01 2.61E+00 3.05E-01

VOLATILES

ACETOPHENONE NA NA 1.63E-03 9.44E-04 5.86E-04

Bold = value greater than NOAEL
Bold & Italics = value greater than LOAEL

Chemical

Avian TRVs (mg/kg-
bw day)

Background
Mean Case

Scenario

Maximum Case
Scenario

Mean Case
Scenario
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Table 7-32
Frequency of Detection and Exposure Point Concentrations

for the In-Town West Exposure Grouping

Analyte Surface Soil
Surface Water Accessible for
Drinking by Wildlife (Total

Concentrations)
Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(mg/L)

Mean
(mg/L)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Frequency Maximum
(ug/L)

Mean
(ug/L)

INORGANICS

CYANIDE (TOTAL) 3 / 47 6.30E-01 4.30E-01 -- -- -- -- -- -- -- -- -- -- -- --

NITRATE AS N 4 / 6 9.80E+00 3.65E+00 -- -- -- -- -- -- -- -- -- -- -- --

SULFATE 4 / 6 1.00E+02 3.09E+01 -- -- -- -- -- -- -- -- -- -- -- --

METALS

ALUMINUM 51 / 51 4.80E+04 1.69E+04 -- -- -- -- -- -- -- -- -- -- -- --

ANTIMONY 6 / 58 4.30E+00 2.10E+00 -- -- -- -- -- -- -- -- -- -- -- --

ARSENIC 62 / 63 1.51E+02 4.06E+01 -- -- -- -- -- -- -- -- -- -- -- --

BARIUM 56 / 56 1.95E+03 2.12E+02 -- -- -- -- -- -- -- -- -- -- -- --

BERYLLIUM 50 / 52 1.70E+00 5.71E-01 -- -- -- -- -- -- -- -- -- -- -- --

CADMIUM 49 / 57 3.20E+00 1.43E+00 -- -- -- -- -- -- -- -- -- -- -- --

CALCIUM 56 / 56 9.90E+04 1.04E+04 -- -- -- -- -- -- -- -- -- -- -- --

CHROMIUM 56 / 57 1.40E+02 2.04E+01 -- -- -- -- -- -- -- -- -- -- -- --

COBALT 51 / 51 3.12E+01 1.42E+01 -- -- -- -- -- -- -- -- -- -- -- --

COPPER 57 / 57 3.47E+02 5.59E+01 -- -- -- -- -- -- -- -- -- -- -- --

IRON 56 / 56 6.38E+04 3.24E+04 -- -- -- -- -- -- -- -- -- -- -- --

LEAD 63 / 63 3.36E+02 4.46E+01 -- -- -- -- -- -- -- -- -- -- -- --

MAGNESIUM 51 / 51 1.40E+04 7.49E+03 -- -- -- -- -- -- -- -- -- -- -- --

MANGANESE 51 / 51 1.65E+03 7.38E+02 -- -- -- -- -- -- -- -- -- -- -- --

MERCURY 32 / 48 5.60E-01 1.71E-01 -- -- -- -- -- -- -- -- -- -- -- --

NICKEL 52 / 52 1.50E+02 2.15E+01 -- -- -- -- -- -- -- -- -- -- -- --

POTASSIUM 50 / 51 6.09E+03 2.33E+03 -- -- -- -- -- -- -- -- -- -- -- --

SELENIUM 8 / 57 2.50E+00 9.79E-01 -- -- -- -- -- -- -- -- -- -- -- --

SILVER 20 / 57 2.20E+00 5.54E-01 -- -- -- -- -- -- -- -- -- -- -- --

SODIUM 41 / 52 7.10E+02 1.77E+02 -- -- -- -- -- -- -- -- -- -- -- --

THALLIUM 6 / 57 2.60E+00 1.46E+00 -- -- -- -- -- -- -- -- -- -- -- --

VANADIUM 51 / 51 1.10E+02 5.69E+01 -- -- -- -- -- -- -- -- -- -- -- --

ZINC 57 / 57 5.30E+02 1.77E+02 -- -- -- -- -- -- -- -- -- -- -- --
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Table 7-33
Comparison of Exposure Point Concentrations (EPCs) in Soil to Plant Toxicity Reference Values

for the In-Town West Exposure Grouping

Chemical
Plant Toxicity

Reference Value
(mg/kg dry wt)

Maximum EPC
(mg/kg dry wt)

Hazard Quotient for
Maximum EPC

Mean EPC (mg/kg
dry wt)

Hazard Quotient
for Mean EPC

Background
95% UCL

Mean

INORGANICS

CHLORIDE NA -- -- -- -- --
CYANIDE (TOTAL) NA 6.30E-01 -- 0.43 -- --
NITRATE AS N NA 9.80E+00 -- 3.65 -- --
SULFATE NA 1.00E+02 -- 30.93 -- --

METALS

ALUMINUM 5.00E+01 4.80E+04 9.60E+02 1.69E+04 3.37E+02 3.08E+04
ANTIMONY 5.00E+00 4.30E+00 8.60E-01 2.10E+00 4.20E-01 7.21E+00
ARSENIC 1.80E+01 1.51E+02 8.39E+00 4.06E+01 2.25E+00 3.13E+01
BARIUM 5.00E+02 1.95E+03 3.90E+00 2.12E+02 4.24E-01 7.41E+02
BERYLLIUM 1.00E+01 1.70E+00 1.70E-01 5.71E-01 5.71E-02 7.99E-01
CADMIUM 3.20E+01 3.20E+00 1.00E-01 1.43E+00 4.47E-02 3.72E-01
CALCIUM NA 9.90E+04 -- 1.04E+04 -- 1.50E+04
CHROMIUM 1.00E+00 1.40E+02 1.40E+02 2.04E+01 2.04E+01 3.13E+01
COBALT 1.30E+01 3.12E+01 2.40E+00 1.42E+01 1.09E+00 3.25E+01
COPPER 7.00E+01 3.47E+02 4.96E+00 5.59E+01 7.98E-01 8.66E+01
IRON NA 6.38E+04 -- 3.24E+04 -- 4.20E+04
LEAD 1.20E+02 3.36E+02 2.80E+00 4.46E+01 3.72E-01 3.05E+01
MAGNESIUM NA 1.40E+04 -- 7.49E+03 -- 2.31E+04
MANGANESE 2.20E+02 1.65E+03 7.50E+00 7.38E+02 3.36E+00 1.03E+03
MERCURY 3.00E-01 5.60E-01 1.87E+00 1.71E-01 5.70E-01 9.77E-02
NICKEL 3.80E+01 1.50E+02 3.95E+00 2.15E+01 5.65E-01 2.51E+02
POTASSIUM NA 6.09E+03 -- 2.33E+03 -- 1.37E+03
SELENIUM 5.20E-01 2.50E+00 4.81E+00 9.79E-01 1.88E+00 8.84E-01
SILVER 5.60E+02 2.20E+00 3.93E-03 5.54E-01 9.89E-04 1.53E+00
SODIUM NA 7.10E+02 -- 1.77E+02 -- 3.71E+03
VANADIUM 2.00E+00 1.10E+02 5.50E+01 5.69E+01 2.85E+01 1.22E+02
ZINC 1.60E+02 5.30E+02 3.31E+00 1.77E+02 1.11E+00 1.21E+02

Bold = value greater than HQ
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Table 7-34
Comparison of Exposure Point Concentrations (EPCs) in Soil to Soil Invertebrate Toxicity Reference Values

for the In-Town West Exposure Grouping

Chemical

Invertebrate
Toxicity

Reference Value
(mg/kg dry wt)

Maximum Exposure Point
Concentration (mg/kg dry

wt)

Hazard Quotient
for Maximum EPC

Mean Exposure Point
Concentration (mg/kg dry

wt)

Hazard
Quotient for
Mean EPC

Background
95% UCL

Mean

INORGANICS

CYANIDE (TOTAL) NA 6.30E-01 -- 4.30E-01 -- --
NITRATE AS N NA 9.80E+00 -- 3.65E+00 -- --
SULFATE NA 1.00E+02 -- 3.09E+01 -- --

METALS

ALUMINUM NA 4.80E+04 -- 1.69E+04 -- 3.08E+04
ANTIMONY 78 4.30E+00 5.51E-02 2.10E+00 2.69E-02 7.21E+00
ARSENIC 60 1.51E+02 2.52E+00 4.06E+01 6.76E-01 3.13E+01
BARIUM 330 1.95E+03 5.91E+00 2.12E+02 6.43E-01 7.41E+02
BERYLLIUM 40 1.70E+00 4.25E-02 5.71E-01 1.43E-02 7.99E-01
BROMIDE NA 0.00E+00 -- 0.00E+00 --
CADMIUM 140 3.20E+00 2.29E-02 1.43E+00 1.02E-02 3.72E-01
CALCIUM NA 9.90E+04 -- 1.04E+04 -- 1.50E+04
CHROMIUM 0.4 1.40E+02 3.50E+02 2.04E+01 5.11E+01 3.13E+01
COBALT NA 3.12E+01 -- 1.42E+01 -- 3.25E+01
COPPER 80 3.47E+02 4.34E+00 5.59E+01 6.99E-01 8.66E+01
IRON NA 6.38E+04 -- 3.24E+04 -- 4.20E+04
LEAD 1700 3.36E+02 1.98E-01 4.46E+01 2.62E-02 3.05E+01
MAGNESIUM NA 1.40E+04 -- 7.49E+03 -- 2.31E+04
MANGANESE 450 1.65E+03 3.67E+00 7.38E+02 1.64E+00 1.03E+03
MERCURY 0.1 5.60E-01 5.60E+00 1.71E-01 1.71E+00 9.77E-02
NICKEL 280 1.50E+02 5.36E-01 2.15E+01 7.67E-02 2.51E+02
POTASSIUM NA 6.09E+03 -- 2.33E+03 -- 1.37E+03
SELENIUM 4.1 2.50E+00 6.10E-01 9.79E-01 2.39E-01 8.84E-01
SILVER NA 2.20E+00 -- 5.54E-01 -- 1.53E+00
SODIUM NA 7.10E+02 -- 1.77E+02 -- 3.71E+03
VANADIUM NA 1.10E+02 -- 5.69E+01 -- 1.22E+02
ZINC 120 5.30E+02 4.42E+00 1.77E+02 1.47E+00 1.21E+02

Bold = value greater than HQ
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Table 7-35
Comparison of Modeled Wildlife Doses to Mammals to Mammalian TRVs for the

for the In-Town West Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw

day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

INORGANICS

CYANIDE (TOTAL) 6.87E+01 NA 8.41E-03 1.45E-01 1.17E-02 5.74E-03 9.86E-02 7.96E-03 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N 5.07E+02 1.13E+03 8.97E-01 2.25E+00 1.81E-01 3.34E-01 8.37E-01 6.75E-02 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 9.15E+00 2.29E+01 1.85E+00 2.83E+00 7.10E+00 5.72E-01 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.93E+00 1.93E+01 3.30E+02 2.42E+03 8.74E+01 1.16E+02 8.49E+02 3.07E+01 1.51E+02 1.11E+03 4.00E+01
ANTIMONY 5.90E-02 1.25E+00 1.01E-01 9.86E-01 2.18E-03 4.95E-02 4.82E-01 1.07E-03 1.51E-01 1.47E+00 3.25E-03
ARSENIC 1.04E+00 1.26E+00 1.18E+00 5.68E+00 8.47E-02 3.59E-01 1.74E+00 2.34E-02 2.25E-01 1.09E+00 1.44E-02
BARIUM 5.18E+01 4.36E+02 3.76E+01 1.15E+02 1.86E+00 4.09E+00 1.25E+01 2.93E-01 7.82E+00 2.38E+01 5.04E-01
BERYLLIUM 5.32E-01 NA 1.26E-02 4.52E-01 8.63E-04 4.22E-03 1.52E-01 2.90E-04 5.37E-03 1.93E-01 3.69E-04
CADMIUM 7.70E-01 1.00E+01 1.21E-01 4.32E+00 2.22E-02 7.35E-02 2.27E+00 1.46E-02 3.88E-02 9.60E-01 8.48E-03
CALCIUM NA NA 3.01E+04 2.27E+04 5.02E+01 3.17E+03 2.39E+03 5.29E+00 2.92E+03 2.21E+03 9.85E+00
CHROMIUM 2.40E+00 1.31E+01 1.01E+00 5.44E+00 2.28E-01 1.47E-01 2.52E+00 4.86E-02 1.83E-01 2.63E+00 5.80E-02
COBALT 7.33E+00 1.18E+02 2.57E-01 2.67E+00 7.19E-02 1.17E-01 1.22E+00 3.28E-02 1.97E-01 2.04E+00 5.54E-02
COPPER 5.60E+00 1.54E+01 3.93E+00 1.42E+01 4.98E-01 2.03E+00 4.61E+00 2.76E-01 2.25E+00 5.12E+00 2.90E-01
IRON NA NA 4.39E+02 2.69E+03 3.70E+01 2.23E+02 1.37E+03 1.88E+01 2.53E+02 1.55E+03 2.13E+01
LEAD 4.70E+00 8.00E+01 2.79E+00 2.67E+01 4.24E-01 4.82E-01 4.68E+00 1.27E-01 2.73E-01 2.57E+00 8.76E-02
MAGNESIUM NA NA 1.28E+03 1.88E+03 7.32E+00 6.85E+02 1.00E+03 3.92E+00 1.29E+03 1.89E+03 8.68E+00
MANGANESE 5.15E+01 2.84E+02 4.59E+01 5.77E+01 2.57E+00 2.05E+01 2.77E+01 1.15E+00 2.50E+01 3.30E+01 1.40E+00
MERCURY 1.32E+01 NA 2.66E-02 1.10E-01 2.22E-03 1.31E-02 8.77E-02 6.77E-04 9.86E-03 8.12E-02 4.13E-04
NICKEL 1.70E+00 8.00E+01 1.37E+00 6.14E+00 2.21E-01 2.32E-01 4.18E+00 6.95E-02 7.63E-01 4.67E+00 1.48E-01
POTASSIUM NA NA 5.58E+02 1.40E+03 3.53E+00 2.13E+02 5.33E+02 1.35E+00 1.04E+02 2.61E+02 8.96E-01
SELENIUM 1.43E-01 3.30E-01 1.35E-01 4.35E-01 1.80E-02 4.86E-02 2.11E-01 1.23E-02 4.88E-02 2.12E-01 1.23E-02
SILVER 6.02E+00 1.16E+02 8.92E-02 6.89E+00 2.09E-02 2.25E-02 1.74E+00 5.28E-03 5.70E-02 4.40E+00 1.34E-02
SODIUM NA NA 9.17E+00 1.63E+02 5.07E-01 2.28E+00 4.05E+01 1.26E-01 1.80E+01 2.20E+02 4.47E+00
VANADIUM 4.16E+00 NA 7.71E-01 2.26E+01 4.10E-01 3.99E-01 1.17E+01 2.12E-01 5.56E-01 1.62E+01 2.96E-01
ZINC 7.54E+01 3.20E+02 1.68E+01 1.50E+02 2.77E+00 8.41E+00 9.95E+01 2.40E+00 6.10E+00 8.25E+01 2.27E+00

Bold = value greater than NOAEL

Bold & Italics = value greater than LOAEL

Mean Case Scenario Background Mean Case ScenarioMaximum Case Scenario

Chemical

Mammalian TRVs
(mg/kg-bw day)
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Table 7-36
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs for the

for the In-Town West Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous
Birds (mg/kg-

bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to
Herbivorous
Birds (mg/kg-

bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to
Herbivorous
Birds (mg/kg-

bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory

Birds (mg/kg-
bw day)

INORGANICS

CYANIDE (TOTAL) NA NA 2.37E-02 5.54E-02 1.73E-02 1.61E-02 3.78E-02 1.18E-02 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N NA NA 2.27E+00 8.62E-01 2.70E-01 8.46E-01 3.21E-01 1.00E-01 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 2.32E+01 8.80E+00 2.75E+00 7.17E+00 2.72E+00 8.51E-01 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.10E+02 NA 1.03E+03 8.15E+02 9.66E+01 3.63E+02 2.87E+02 3.40E+01 4.73E+02 3.73E+02 4.42E+01
ANTIMONY 5.10E+00 1.28E+01 2.70E-01 3.78E-01 2.51E-05 1.32E-01 1.85E-01 1.23E-05 4.03E-01 5.64E-01 3.74E-05
ARSENIC 2.24E+00 7.40E+00 3.61E+00 1.80E+00 1.31E-02 1.07E+00 5.69E-01 4.48E-03 6.64E-01 3.66E-01 3.31E-03
BARIUM 2.08E+01 4.17E+01 1.02E+02 3.97E+01 1.35E+00 1.11E+01 4.32E+00 2.85E-01 2.12E+01 8.33E+00 4.53E-01
BERYLLIUM NA NA 3.87E-02 1.74E-01 9.91E-06 1.30E-02 5.85E-02 3.33E-06 1.65E-02 7.44E-02 4.23E-06
CADMIUM 1.45E+00 2.00E+01 3.14E-01 1.70E+00 3.15E-02 1.89E-01 8.96E-01 2.13E-02 9.84E-02 3.79E-01 1.26E-02
CALCIUM NA NA 7.52E+04 8.71E+03 4.03E-01 7.93E+03 9.19E+02 4.25E-02 7.28E+03 9.01E+02 3.84E+00
CHROMIUM 2.66E+00 5.00E+00 3.12E+00 1.74E+00 2.40E-01 4.55E-01 9.39E-01 5.85E-02 5.68E-01 9.68E-01 6.89E-02
COBALT 7.61E+00 2.67E+01 7.77E-01 9.64E-01 8.58E-02 3.54E-01 4.40E-01 3.91E-02 5.95E-01 7.43E-01 6.59E-02
COPPER 4.05E+00 6.17E+01 1.13E+01 4.61E+00 4.93E-01 5.28E+00 1.66E+00 3.79E-01 5.88E+00 1.83E+00 3.90E-01
IRON NA NA 1.37E+03 8.78E+02 7.44E+00 6.96E+02 4.45E+02 3.77E+00 7.89E+02 5.05E+02 4.30E+00
LEAD 1.63E+00 1.13E+01 8.41E+00 9.59E+00 3.89E-01 1.39E+00 1.72E+00 1.59E-01 7.75E-01 9.54E-01 1.17E-01
MAGNESIUM NA NA 3.24E+03 7.02E+02 4.08E-01 1.73E+03 3.75E+02 2.18E-01 3.26E+03 7.21E+02 1.42E+00
MANGANESE 9.97E+02 NA 1.21E+02 1.80E+01 2.66E+00 5.42E+01 8.77E+00 1.19E+00 6.59E+01 1.05E+01 1.45E+00
MERCURY 4.50E-01 9.00E-01 6.84E-02 4.21E-02 2.96E-03 3.34E-02 3.43E-02 9.03E-04 2.49E-02 3.19E-02 5.51E-04
NICKEL 7.74E+01 1.07E+02 4.07E+00 1.99E+00 2.22E-01 6.71E-01 1.59E+00 8.97E-02 2.25E+00 1.62E+00 1.65E-01
POTASSIUM NA NA 1.41E+03 5.36E+02 7.10E-01 5.39E+02 2.05E+02 2.71E-01 2.64E+02 1.03E+02 3.13E-01
SELENIUM 5.00E-01 1.00E+00 3.46E-01 1.65E-01 2.56E-02 1.25E-01 8.09E-02 1.80E-02 1.26E-01 8.12E-02 1.80E-02
SILVER 2.02 6.05E+01 2.31E-01 2.73E+00 3.03E-02 5.82E-02 6.86E-01 7.63E-03 1.48E-01 1.74E+00 1.94E-02
SODIUM NA NA 2.59E+01 6.25E+01 2.28E-01 6.45E+00 1.55E+01 5.69E-02 4.38E+01 1.26E+02 3.20E+00
VANADIUM 3.44E-01 NA 2.40E+00 8.62E+00 5.41E-01 1.24E+00 4.46E+00 2.80E-01 1.73E+00 6.21E+00 3.90E-01
ZINC 6.61E+01 1.31E+02 4.41E+01 5.79E+01 3.82E+00 2.17E+01 3.89E+01 3.52E+00 1.56E+01 3.24E+01 3.39E+00

Bold = value greater than NOAEL
Bold & Italics = value greater than LOAEL

Chemical

Avian TRVs (mg/kg-
bw day) Maximum Case Scenario Mean Case Scenario Background Mean Case Scenario
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Table 7-37
Frequency of Detection and Exposure Point Concentrations

for the In-Town East Exposure Grouping

Analyte Surface Soil
Surface Water Accessible for
Drinking by Wildlife (Total

Concentrations)
Sediment Surface Water (Dissolved

Concentration) Surface Water (Total Concentration)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(mg/L)

Mean
(mg/L)

Frequency Maximum
(mg/kg)

Mean
(mg/kg)

Frequency Maximum
(ug/L)

Mean
(ug/L)

Frequency Maximum
(ug/L)

Mean
(ug/L)

INORGANICS

CHLORIDE 2 / 5 6.70E+01 3.75E+01 -- -- -- -- -- -- -- -- -- -- -- --

CYANIDE (TOTAL) 201 / 475 6.50E+00 3.52E-01 -- -- -- -- -- -- -- -- -- -- -- --

NITRATE AS N 6 / 6 1.20E+02 3.19E+01 -- -- -- -- -- -- -- -- -- -- -- --

SULFATE 7 / 8 2.60E+02 6.09E+01 -- -- -- -- -- -- -- -- -- -- -- --

METALS

ALUMINUM 472 / 472 1.05E+05 1.58E+04 -- -- -- -- -- -- -- -- -- -- -- --

ANTIMONY 379 / 479 1.60E+02 4.23E+00 -- -- -- -- -- -- -- -- -- -- -- --

ARSENIC 624 / 624 6.79E+02 4.74E+01 -- -- -- -- -- -- -- -- -- -- -- --

BARIUM 472 / 472 2.30E+03 2.30E+02 -- -- -- -- -- -- -- -- -- -- -- --

BERYLLIUM 361 / 479 1.14E+01 6.50E-01 -- -- -- -- -- -- -- -- -- -- -- --

CADMIUM 422 / 476 4.57E+01 2.80E+00 -- -- -- -- -- -- -- -- -- -- -- --

CALCIUM 472 / 472 7.74E+04 1.20E+04 -- -- -- -- -- -- -- -- -- -- -- --

CHROMIUM 473 / 473 4.41E+02 3.02E+01 -- -- -- -- -- -- -- -- -- -- -- --

COBALT 472 / 472 5.83E+01 1.39E+01 -- -- -- -- -- -- -- -- -- -- -- --

COPPER 473 / 473 7.25E+03 3.03E+02 -- -- -- -- -- -- -- -- -- -- -- --

IRON 472 / 472 8.95E+04 2.72E+04 -- -- -- -- -- -- -- -- -- -- -- --

LEAD 620 / 624 1.81E+04 1.78E+02 -- -- -- -- -- -- -- -- -- -- -- --

MAGNESIUM 472 / 472 2.91E+04 6.99E+03 -- -- -- -- -- -- -- -- -- -- -- --

MANGANESE 472 / 472 8.36E+03 8.50E+02 -- -- -- -- -- -- -- -- -- -- -- --

MERCURY 378 / 478 1.87E+01 8.30E-01 -- -- -- -- -- -- -- -- -- -- -- --

NICKEL 473 / 473 2.53E+02 3.06E+01 -- -- -- -- -- -- -- -- -- -- -- --

POTASSIUM 471 / 472 7.91E+03 2.73E+03 -- -- -- -- -- -- -- -- -- -- -- --

SELENIUM 180 / 481 4.92E+01 2.58E+00 -- -- -- -- -- -- -- -- -- -- -- --

SILVER 363 / 478 3.39E+01 1.59E+00 -- -- -- -- -- -- -- -- -- -- -- --

SODIUM 398 / 477 1.74E+04 2.85E+02 -- -- -- -- -- -- -- -- -- -- -- --

THALLIUM 49 / 479 3.60E+00 9.31E-01 -- -- -- -- -- -- -- -- -- -- -- --

VANADIUM 472 / 472 2.63E+02 4.91E+01 -- -- -- -- -- -- -- -- -- -- -- --

ZINC 473 / 473 6.69E+03 4.75E+02 -- -- -- -- -- -- -- -- -- -- -- --

PAHS

ANTHRACENE 1/5 4.10E-02 2.94E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(B)FLUORANTHENE 1/5 1.20E-01 3.10E-01 -- -- -- -- -- -- -- -- -- -- -- --

BENZO(K)FLUORANTHENE 1/5 6.10E-02 2.98E-01 -- -- -- -- -- -- -- -- -- -- -- --

CHRYSENE 1/5 2.40E-01 3.34E-01 -- -- -- -- -- -- -- -- -- -- -- --

FLUORANTHENE 1/5 4.90E-01 3.84E-01 -- -- -- -- -- -- -- -- -- -- -- --

PHENANTHRENE 1/5 2.80E-01 3.42E-01 -- -- -- -- -- -- -- -- -- -- -- --

PYRENE 1/5 4.30E-01 3.72E-01 -- -- -- -- -- -- -- -- -- -- -- --

TOTAL HMW PAH 1/1 8.51E-01 8.51E-01 -- -- -- -- -- -- -- -- -- -- -- --

TOTAL LMW PAH 1/1 8.11E-01 8.11E-01 -- -- -- -- -- -- -- -- -- -- -- --

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 4/5 3.20E-01 1.99E-01 -- -- -- -- -- -- -- -- -- -- -- --

VOLATILES

ACETOPHENONE 2/5 2.00E-01 2.80E-01 -- -- -- -- -- -- -- -- -- -- -- --
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Table 7-38
Comparison of Exposure Point Concentrations (EPCs) in Soil to Plant Toxicity Reference Values

for the In-Town East Exposure Grouping

Chemical
Plant Toxicity

Reference Value
(mg/kg dry wt)

Maximum EPC
(mg/kg dry wt)

Hazard Quotient
for Maximum EPC

Mean EPC (mg/kg
dry wt)

Hazard Quotient
for Mean EPC

Background
95% UCL

Mean

INORGANICS

CHLORIDE NA 6.70E+01 -- 37.45 -- --
CYANIDE (TOTAL) NA 6.50E+00 -- 0.352 -- --
NITRATE AS N NA 1.20E+02 -- 31.92 -- --
SULFATE NA 2.60E+02 -- 60.94 -- --

METALS

ALUMINUM 5.00E+01 1.05E+05 2.10E+03 1.58E+04 3.16E+02 3.08E+04
ANTIMONY 5.00E+00 1.60E+02 3.20E+01 4.23E+00 8.45E-01 7.21E+00
ARSENIC 1.80E+01 6.79E+02 3.77E+01 4.74E+01 2.63E+00 3.13E+01
BARIUM 5.00E+02 2.30E+03 4.60E+00 2.30E+02 4.61E-01 7.41E+02
BERYLLIUM 1.00E+01 1.14E+01 1.14E+00 6.50E-01 6.50E-02 7.99E-01
CADMIUM 3.20E+01 4.57E+01 1.43E+00 2.80E+00 8.76E-02 3.72E-01
CALCIUM NA 7.74E+04 -- 1.20E+04 -- 1.50E+04
CHROMIUM 1.00E+00 4.41E+02 4.41E+02 3.02E+01 3.02E+01 3.13E+01
COBALT 1.30E+01 5.83E+01 4.48E+00 1.39E+01 1.07E+00 3.25E+01
COPPER 7.00E+01 7.25E+03 1.04E+02 3.03E+02 4.33E+00 8.66E+01
IRON NA 8.95E+04 -- 2.72E+04 -- 4.20E+04
LEAD 1.20E+02 1.81E+04 1.51E+02 1.78E+02 1.48E+00 3.05E+01
MAGNESIUM NA 2.91E+04 -- 6.99E+03 -- 2.31E+04
MANGANESE 2.20E+02 8.36E+03 3.80E+01 8.50E+02 3.86E+00 1.03E+03
MERCURY 3.00E-01 1.87E+01 6.23E+01 8.30E-01 2.77E+00 9.77E-02
NICKEL 3.80E+01 2.53E+02 6.66E+00 3.06E+01 8.06E-01 2.51E+02
POTASSIUM NA 7.91E+03 -- 2.73E+03 -- 1.37E+03
SELENIUM 5.20E-01 4.92E+01 9.46E+01 2.58E+00 4.96E+00 8.84E-01
SILVER 5.60E+02 3.39E+01 6.05E-02 1.59E+00 2.83E-03 1.53E+00
SODIUM NA 1.74E+04 -- 2.85E+02 -- 3.71E+03
THALLIUM 1.00E+00 3.60E+00 3.60E+00 9.31E-01 9.31E-01 3.24E+00
VANADIUM 2.00E+00 2.63E+02 1.32E+02 4.91E+01 2.45E+01 1.22E+02
ZINC 1.60E+02 6.69E+03 4.18E+01 4.75E+02 2.97E+00 1.21E+02

PAHS

TOTAL HMW PAH 2.00E+04 8.51E-01 4.26E-05 8.51E-01 4.26E-05 --

TOTAL LMW PAH 2.00E+04 8.11E-01 4.06E-05 8.11E-01 4.06E-05 --

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 1.00E+05 3.20E-01 3.20E-06 1.99E-01 1.99E-06 --

VOLATILES

ACETOPHENONE NA 2.00E-01 -- 2.80E-01 -- --

Bold = value greater than HQ
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Table 7-39
Comparison of Exposure Point Concentrations (EPCs) in Soil to Soil Invertebrate Toxicity Reference Values

for the In-Town East Exposure Grouping

Chemical

Invertebrate
Toxicity

Reference
Value (mg/kg

dry wt)

Maximum Exposure
Point Concentration

(mg/kg dry wt)

Hazard Quotient
for Maximum

EPC

Mean Exposure Point
Concentration (mg/kg dry

wt)

Hazard
Quotient for
Mean EPC

Background
95% UCL

Mean

INORGANICS

CHLORIDE NA 6.70E+01 -- 3.75E+01 -- --
CYANIDE (TOTAL) NA 6.50E+00 -- 3.52E-01 -- --
NITRATE AS N NA 1.20E+02 -- 3.19E+01 -- --
SULFATE NA 2.60E+02 -- 6.09E+01 -- --

METALS

ALUMINUM NA 1.05E+05 -- 1.58E+04 -- 3.08E+04
ANTIMONY 78 1.60E+02 2.05E+00 4.23E+00 5.42E-02 7.21E+00
ARSENIC 60 6.79E+02 1.13E+01 4.74E+01 7.90E-01 3.13E+01
BARIUM 330 2.30E+03 6.97E+00 2.30E+02 6.98E-01 7.41E+02
BERYLLIUM 40 1.14E+01 2.85E-01 6.50E-01 1.63E-02 7.99E-01
CADMIUM 140 4.57E+01 3.26E-01 2.80E+00 2.00E-02 3.72E-01
CALCIUM NA 7.74E+04 -- 1.20E+04 -- 1.50E+04
CHROMIUM 0.4 4.41E+02 1.10E+03 3.02E+01 7.55E+01 3.13E+01
COBALT NA 5.83E+01 -- 1.39E+01 -- 3.25E+01
COPPER 80 7.25E+03 9.06E+01 3.03E+02 3.79E+00 8.66E+01
IRON NA 8.95E+04 -- 2.72E+04 -- 4.20E+04
LEAD 1700 1.81E+04 1.06E+01 1.78E+02 1.05E-01 3.05E+01
MAGNESIUM NA 2.91E+04 -- 6.99E+03 -- 2.31E+04
MANGANESE 450 8.36E+03 1.86E+01 8.50E+02 1.89E+00 1.03E+03
MERCURY 0.1 1.87E+01 1.87E+02 8.30E-01 8.30E+00 9.77E-02
NICKEL 280 2.53E+02 9.04E-01 3.06E+01 1.09E-01 2.51E+02
POTASSIUM NA 7.91E+03 -- 2.73E+03 -- 1.37E+03
SELENIUM 4.1 4.92E+01 1.20E+01 2.58E+00 6.29E-01 8.84E-01
SILVER NA 3.39E+01 -- 1.59E+00 -- 1.53E+00
SODIUM NA 1.74E+04 -- 2.85E+02 -- 3.71E+03
THALLIUM NA 3.60E+00 -- 9.31E-01 -- 3.24E+00
VANADIUM NA 2.63E+02 -- 4.91E+01 -- 1.22E+02
ZINC 120 6.69E+03 5.58E+01 4.75E+02 3.96E+00 1.21E+02

PAHS

TOTAL HMW PAH 29000 8.51E-01 2.93E-05 8.51E-01 2.93E-05 --

TOTAL LMW PAH 18000 8.11E-01 4.51E-05 8.11E-01 4.51E-05 --

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 200000 3.20E-01 1.60E-06 1.99E-01 9.95E-07 --

VOLATILES

ACETOPHENONE NA 2.00E-01 -- 2.80E-01 -- --

Bold = value greater than HQ
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Table 7-40
Comparison of Modeled Wildlife Doses to Mammals to Mammalian TRVs for the

for the In-Town East Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

Dose to
Herbivorous

Mammals
(mg/kg-bw day)

Dose to
Insectivorous

Mammals
(mg/kg-bw day)

Dose to
Predatory
Mammals

(mg/kg-bw day)

INORGANICS

CHLORIDE NA NA 6.13E+00 1.54E+01 1.24E+00 3.43E+00 8.59E+00 6.93E-01 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.87E+01 NA 8.67E-02 1.49E+00 1.20E-01 4.70E-03 8.07E-02 6.51E-03 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N 5.07E+02 1.13E+03 1.10E+01 2.75E+01 2.22E+00 2.92E+00 7.32E+00 5.91E-01 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 2.38E+01 5.96E+01 4.81E+00 5.58E+00 1.40E+01 1.13E+00 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.93E+00 1.93E+01 7.23E+02 5.29E+03 1.91E+02 1.09E+02 7.94E+02 2.87E+01 1.51E+02 1.11E+03 4.00E+01
ANTIMONY 5.90E-02 1.25E+00 3.77E+00 3.67E+01 8.13E-02 9.95E-02 9.69E-01 2.15E-03 1.51E-01 1.47E+00 3.25E-03
ARSENIC 1.04E+00 1.26E+00 4.90E+00 2.28E+01 3.72E-01 4.12E-01 2.00E+00 2.72E-02 2.25E-01 1.09E+00 1.44E-02
BARIUM 5.18E+01 4.36E+02 4.44E+01 1.35E+02 2.15E+00 4.44E+00 1.36E+01 3.14E-01 7.82E+00 2.38E+01 5.04E-01
BERYLLIUM 5.32E-01 NA 8.43E-02 3.03E+00 5.79E-03 4.81E-03 1.73E-01 3.30E-04 5.37E-03 1.93E-01 3.69E-04
CADMIUM 7.70E-01 1.00E+01 7.25E-01 3.63E+01 9.82E-02 1.11E-01 3.89E+00 2.07E-02 3.88E-02 9.60E-01 8.48E-03
CALCIUM NA NA 2.35E+04 1.78E+04 3.92E+01 3.66E+03 2.76E+03 6.10E+00 2.92E+03 2.21E+03 9.85E+00
CHROMIUM 2.40E+00 1.31E+01 3.17E+00 1.33E+01 5.87E-01 2.17E-01 2.73E+00 6.62E-02 1.83E-01 2.63E+00 5.80E-02
COBALT 7.33E+00 1.18E+02 4.81E-01 4.98E+00 1.34E-01 1.14E-01 1.18E+00 3.19E-02 1.97E-01 2.04E+00 5.54E-02
COPPER 5.60E+00 1.54E+01 5.30E+01 2.03E+02 4.15E+00 7.49E+00 1.29E+01 4.69E-01 2.25E+00 5.12E+00 2.90E-01
IRON NA NA 6.16E+02 3.78E+03 5.19E+01 1.87E+02 1.15E+03 1.58E+01 2.53E+02 1.55E+03 2.13E+01
LEAD 4.70E+00 8.00E+01 1.24E+02 9.23E+02 1.06E+01 1.58E+00 1.54E+01 2.82E-01 2.73E-01 2.57E+00 8.76E-02
MAGNESIUM NA NA 2.66E+03 3.90E+03 1.52E+01 6.40E+02 9.37E+02 3.66E+00 1.29E+03 1.89E+03 8.68E+00
MANGANESE 5.15E+01 2.84E+02 2.32E+02 2.63E+02 1.30E+01 2.36E+01 3.14E+01 1.33E+00 2.50E+01 3.30E+01 1.40E+00
MERCURY 1.32E+01 NA 2.77E-01 6.38E-01 7.41E-02 3.38E-02 1.22E-01 3.29E-03 9.86E-03 8.12E-02 4.13E-04
NICKEL 1.70E+00 8.00E+01 2.23E+00 8.58E+00 3.13E-01 3.19E-01 4.10E+00 8.47E-02 7.63E-01 4.67E+00 1.48E-01
POTASSIUM NA NA 7.24E+02 1.81E+03 4.59E+00 2.50E+02 6.27E+02 1.59E+00 1.04E+02 2.61E+02 8.96E-01
SELENIUM 1.43E-01 3.30E-01 3.51E+00 4.57E+00 7.63E-02 1.40E-01 4.45E-01 1.83E-02 4.88E-02 2.12E-01 1.23E-02
SILVER 6.02E+00 1.16E+02 1.37E+00 1.06E+02 3.23E-01 6.43E-02 4.97E+00 1.51E-02 5.70E-02 4.40E+00 1.34E-02
SODIUM NA NA 2.25E+02 3.99E+03 1.24E+01 3.68E+00 6.54E+01 2.04E-01 1.80E+01 2.20E+02 4.47E+00
THALLIUM 7.40E-03 7.40E-02 2.48E-02 8.26E-01 9.78E-03 6.41E-03 2.14E-01 2.53E-03 1.64E-02 5.45E-01 6.46E-03
VANADIUM 4.16E+00 NA 1.84E+00 5.39E+01 9.80E-01 3.44E-01 1.01E+01 1.83E-01 5.56E-01 1.62E+01 2.96E-01
ZINC 7.54E+01 3.20E+02 9.83E+01 4.89E+02 6.39E+00 1.57E+01 1.44E+02 2.72E+00 6.10E+00 8.25E+01 2.27E+00

PAHS

TOTAL HMW PAH 6.15E-01 1.08E+01 8.30E-03 8.57E-02 4.71E-04 1.16E-02 1.20E-01 7.72E-04 0.00E+00 0.00E+00 0.00E+00
TOTAL LMW PAH 6.56E+01 4.34E+02 1.03E-02 7.68E-02 4.14E-04 1.40E-02 9.43E-02 5.19E-04 0.00E+00 0.00E+00 0.00E+00

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 1.83E+01 1.83E+02 3.26E-03 7.34E-02 1.70E-04 2.03E-03 4.56E-02 1.06E-04 0.00E+00 0.00E+00 0.00E+00

VOLATILES

ACETOPHENONE NA NA 7.26E-02 4.59E-02 1.01E-04 1.02E-01 6.42E-02 1.41E-04 0.00E+00 0.00E+00 0.00E+00

Bold = value greater than NOAEL
Bold & Italics = value greater than LOAEL

Mean Case Scenario Background Mean Case ScenarioMaximum Case Scenario

Chemical

Mammalian TRVs
(mg/kg-bw day)
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Table 7-41
Comparison of Modeled Wildlife Doses to Birds to Avian TRVs for the

for the In-Town East Exposure Grouping

NOAEL LOAEL

Dose to
Herbivorous

Birds (mg/kg-bw
day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to Herbivorous
Birds (mg/kg-bw

day)

Dose to
Insectivorous

Birds (mg/kg-bw
day)

Dose to
Predatory Birds
(mg/kg-bw day)

Dose to
Herbivorous

Birds (mg/kg-
bw day)

Dose to
Insectivorous
Birds (mg/kg-

bw day)

Dose to
Predatory

Birds (mg/kg-
bw day)

INORGANICS

CHLORIDE NA NA 1.55E+01 5.90E+00 1.84E+00 8.68E+00 3.30E+00 1.03E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) NA NA 2.44E-01 5.72E-01 1.79E-01 1.32E-02 3.10E-02 9.68E-03 0.00E+00 0.00E+00 0.00E+00
NITRATE AS N NA NA 2.78E+01 1.06E+01 3.30E+00 7.40E+00 2.81E+00 8.78E-01 0.00E+00 0.00E+00 0.00E+00
SULFATE NA NA 6.02E+01 2.29E+01 7.15E+00 1.41E+01 5.36E+00 1.68E+00 0.00E+00 0.00E+00 0.00E+00

METALS

ALUMINUM 1.10E+02 NA 2.26E+03 1.78E+03 2.11E+02 3.40E+02 2.68E+02 3.18E+01 4.73E+02 3.73E+02 4.42E+01
ANTIMONY 5.10E+00 1.28E+01 1.01E+01 1.41E+01 9.33E-04 2.66E-01 3.72E-01 2.46E-05 4.03E-01 5.64E-01 3.74E-05
ARSENIC 2.24E+00 7.40E+00 1.52E+01 7.02E+00 4.50E-02 1.23E+00 6.51E-01 5.08E-03 6.64E-01 3.66E-01 3.31E-03
BARIUM 2.08E+01 4.17E+01 1.20E+02 4.68E+01 1.51E+00 1.21E+01 4.69E+00 3.02E-01 2.12E+01 8.33E+00 4.53E-01
BERYLLIUM NA NA 2.60E-01 1.17E+00 6.65E-05 1.48E-02 6.66E-02 3.79E-06 1.65E-02 7.44E-02 4.23E-06
CADMIUM 1.45E+00 2.00E+01 2.00E+00 1.43E+01 1.15E-01 2.88E-01 1.53E+00 2.95E-02 9.84E-02 3.79E-01 1.26E-02
CALCIUM NA NA 5.88E+04 6.81E+03 3.15E-01 9.14E+03 1.06E+03 4.90E-02 7.28E+03 9.01E+02 3.84E+00
CHROMIUM 2.66E+00 5.00E+00 9.82E+00 3.94E+00 5.57E-01 6.72E-01 9.92E-01 7.78E-02 5.68E-01 9.68E-01 6.89E-02
COBALT 7.61E+00 2.67E+01 1.45E+00 1.80E+00 1.60E-01 3.45E-01 4.28E-01 3.81E-02 5.95E-01 7.43E-01 6.59E-02
COPPER 4.05E+00 6.17E+01 1.64E+02 5.88E+01 7.65E-01 1.99E+01 4.21E+00 4.84E-01 5.88E+00 1.83E+00 3.90E-01
IRON NA NA 1.93E+03 1.23E+03 1.04E+01 5.85E+02 3.74E+02 3.17E+00 7.89E+02 5.05E+02 4.30E+00
LEAD 1.63E+00 1.13E+01 3.88E+02 3.12E+02 2.27E+00 4.70E+00 5.57E+00 2.93E-01 7.75E-01 9.54E-01 1.17E-01
MAGNESIUM NA NA 6.74E+03 1.46E+03 8.48E-01 1.62E+03 3.51E+02 2.04E-01 3.26E+03 7.21E+02 1.42E+00
MANGANESE 9.97E+02 NA 6.14E+02 7.95E+01 1.35E+01 6.24E+01 9.93E+00 1.37E+00 6.59E+01 1.05E+01 1.45E+00
MERCURY 4.50E-01 9.00E-01 7.70E-01 1.97E-01 9.87E-02 8.76E-02 4.60E-02 4.38E-03 2.49E-02 3.19E-02 5.51E-04
NICKEL 7.74E+01 1.07E+02 6.66E+00 2.65E+00 2.83E-01 9.28E-01 1.54E+00 1.06E-01 2.25E+00 1.62E+00 1.65E-01
POTASSIUM NA NA 1.83E+03 6.96E+02 9.22E-01 6.33E+02 2.41E+02 3.19E-01 2.64E+02 1.03E+02 3.13E-01
SELENIUM 5.00E-01 1.00E+00 8.92E+00 1.67E+00 7.86E-02 3.58E-01 1.69E-01 2.59E-02 1.26E-01 8.12E-02 1.80E-02
SILVER 2.02 6.05E+01 3.56E+00 4.20E+01 4.67E-01 1.67E-01 1.97E+00 2.19E-02 1.48E-01 1.74E+00 1.94E-02
SODIUM NA NA 6.35E+02 1.53E+03 5.60E+00 1.04E+01 2.51E+01 9.17E-02 4.38E+01 1.26E+02 3.20E+00
THALLIUM 3.50E-01 NA 7.75E-02 3.17E-01 1.22E-02 2.00E-02 8.19E-02 3.15E-03 5.12E-02 2.09E-01 8.04E-03
VANADIUM 3.44E-01 NA 5.74E+00 2.06E+01 1.29E+00 1.07E+00 3.85E+00 2.42E-01 1.73E+00 6.21E+00 3.90E-01
ZINC 6.61E+01 1.31E+02 2.74E+02 1.74E+02 4.61E+00 4.10E+01 5.55E+01 3.79E+00 1.56E+01 3.24E+01 3.39E+00

PAHS

TOTAL HMW PAH 3.37E+00 3.37E+01 2.44E-02 3.14E-02 6.45E-05 3.47E-02 4.36E-02 1.68E-04 0.00E+00 0.00E+00 0.00E+00
TOTAL LMW PAH 3.37E+00 3.37E+01 2.92E-02 2.80E-02 8.22E-06 3.92E-02 3.44E-02 8.09E-06 0.00E+00 0.00E+00 0.00E+00

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 1.10E+00 7.63E+02 9.52E-03 2.82E-02 1.30E-05 5.92E-03 1.75E-02 8.10E-06 0.00E+00 0.00E+00 0.00E+00

VOLATILES

ACETOPHENONE NA NA 1.81E-01 1.76E-02 0.00E+00 2.54E-01 2.46E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Bold = value greater than NOAEL
Bold & Italics = value greater than LOAEL

Chemical

Avian TRVs (mg/kg-bw
day) Maximum Case Scenario Mean Case Scenario Background Mean Case Scenario
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Principal 
Threat 
Waste

Low-level 
Threat 
Waste

Source 
Volume

(cy)

Surface 
Water 

Transport 
Surface Water 

Partitioning 

Air 
Particulate 
Migration 

Leaching to 
Ground 
Water 

Ground 
Water to 
Surface 
Water 

Iron King Mine Iron King Mine Main Tailings Pile SS X X X X AMD R/T (2) 7,678 8E-03 Arsenic 2.1E+02 Antimony, Arsenic, Iron 2,887

Iron King Mine Iron King Mine Main Tailings Pile SB X X X X AMD R/T (2) 5,148 5E-03 Arsenic 1.5E+02 Antimony, Arsenic, Cadmium, Iron 2,990

Iron King Mine Impoundment-Pond - Iron King Mine Main Tailings Pile SS X X X X X AMD R/T 5,251 5E-03 Arsenic 1.5E+02 Antimony, Arsenic, Iron, Thallium 5,369

Iron King Mine Iron King Mine Mine Plant SS X 14,800 X X C/I 1,919 1E-03 Arsenic 7E+00 Arsenic 5,184

Iron King Mine Iron King Mine Mine Plant SB C/I 42 2E-05 Arsenic 5E-01 -- 27

Iron King Mine Impoundment-Pond - Iron King Mine Mine Plant SS X 4,400 X X R/T 2,602 3E-03 Arsenic 8E+01 Arsenic, Iron 4,729

Iron King Mine Iron King Mine Operations Area SS X 90,800 X X C/I 3,016 2E-03 Arsenic 1E+01 Arsenic 11,220

Iron King Mine Iron King Mine Operations Area SB X 90,800 X X C/I 4,715 2E-03 Arsenic 2E+01 Arsenic 6,122

Iron King Mine Iron King Mine Glory Hole SS X X X C/I 131 1E-04 Arsenic 6E+00 -- 272

Iron King Mine Iron King Mine Glory Hole SB X X X C/I 278 3E-04 Arsenic 1E+01 -- 424

Iron King Mine Iron King Mine Operations Area - Miscellaneous SS X 7,400 X X C/I 414 2E-04 Arsenic 2E+00 Arsenic 1,612

Iron King Mine Iron King Mine Operations Area - Miscellaneous SB 7,400 X X C/I 49 3E-05 Arsenic 5E-01 -- 162

Iron King Mine Iron King Mine Small Tailings Pile SS X 22,200 X X AMD Res 1,045 2E-03 Arsenic, Chromium 4E+01 Arsenic, Iron 1,388

Iron King Mine Iron King Mine Small Tailings Pile SB X 22,200 X X AMD Res 762 2E-03 Arsenic, Chromium 3E+01 Arsenic 415

Iron King Mine Iron King Mine Former Fertilizer Plant SS X 11,100 X X C/I 1,244 7E-04 Arsenic 5E+00 Arsenic 5,066

Iron King Mine Iron King Mine Former Fertilizer Plant SB 11,100 X X C/I 160 9E-05 Arsenic 1E+00 -- 279

Iron King Mine Iron King Mine Salvage Yard SS X X C/I 40 2E-05 Arsenic 5E-01 -- 26

Humboldt Smelter Humboldt Smelter Ash Pile SS X 250,000 X X Res 822 2E-03 Arsenic, Chromium, Chromium VI, Cobalt, Aroclor-1248 4E+01 Aluminum, Arsenic, Chromium, Copper 1,129

Humboldt Smelter Humboldt Smelter Ash Pile SB X 250,000 X X Res 184 4E-04 Arsenic, Chromium, Cobalt 2E+01 Aluminum, Arsenic, Chromium, Cobalt, Copper, Manganese 7,523

Humboldt Smelter Humboldt Smelter Slag SS X 1.7 million X X R/T 297 3E-04 Arsenic 1E+01 Arsenic, Copper 972

Humboldt Smelter Humboldt Smelter Slag SB X 1.7 million X X R/T 38 4E-05 Arsenic 3E+00 Arsenic 58

Humboldt Smelter Humboldt Smelter Operations Area SS X 42,200 X X Asbestos Res 242 5E-04 Arsenic, Chromium, Cobalt, Benzo(a)pyrene, Dibenz(a,h)anthracene 2E+01 Arsenic, Cobalt 285

Humboldt Smelter Humboldt Smelter Operations Area SB X 42,200 X X Asbestos Res 19 4E-05 Arsenic, Chromium, Cobalt 5E+00 Manganese 28

Humboldt Smelter Impoundment-Pond - Humboldt Smelter SS X 3,000 X X Res 65 1E-04 Arsenic, Chromium, Cobalt 1E+01 Aluminum, Arsenic, Chromium, Copper, Manganese 940

Humboldt Smelter Humboldt Smelter Off-site Migration SS X X Res 32 7E-05 Arsenic, Chromium, Cobalt 5E+00 Arsenic, Manganese 85

Humboldt Smelter Humboldt Smelter Tailings Pile SS X 185,000 X X X Res 13,891 3E-02 Arsenic, Chromium, Cobalt 5E+02 Antimony, Arsenic, Cobalt, Iron, Manganese 1,114

Humboldt Smelter Humboldt Smelter Tailings Pile SB X 185,000 X X X Res 34 7E-05 Arsenic, Chromium, Cobalt 8E+00 Arsenic, Manganese 42

Waterways Galena Gulch SS X 37,000 X X R/T 1,058 1E-03 Arsenic 3E+01 Arsenic 4,297

Waterways Upper Chaparral Gulch SS X ?? X X Res 219 5E-04 Arsenic, Chromium, Cobalt 1E+01 Arsenic 333

Waterways Middle Chaparral Gulch SS X 37,000 X X Res 294 6E-04 Arsenic, Chromium, Cobalt 2E+01 Arsenic 344

Waterways Lower Chaparral Gulch SS X 417,000 X X X X X AMD R/T 614 6E-04 Arsenic 2E+01 Arsenic 1,285

Waterways Lower Chaparral Gulch SB X 417,000 X X X X X AMD R/T 1,491 2E-03 Arsenic 5E+01 Antimony, Arsenic 1,970

Waterways Lower Chaparral Gulch Dam-Confluence SD X 18,000 X X R/T 1,620 4E-04 Arsenic 1E+01 Arsenic 266

Waterways Lower Chaparral Gulch Dam-Confluence SW X 18,000 X X R/T 118 µg/L 2E-05 Arsenic 2E+00 -- 41.6 µg/L

Waterways Agua Fria SD X 6,700 X X R/T 722 2E-04 Arsenic 5E+00 Arsenic 3,419

Waterways Agua Fria SW X 6,700 X X R/T 7.2 µg/L 9E-07 -- 2E-01 -- 2.7 µg/L

Waterways Background Agua Fria SD 6,700 X X R/T 34 7E-06 Arsenic 4E-01 -- 12

Waterways Background Agua Fria SW 6,700 X X R/T 13.5 µg/L 2E-06 Arsenic 7E-02 -- 0.85 µg/L

Waterways Background Chaparral Gulch SD 6,700 X X R/T 37 4E-05 Arsenic, Chromium 2E+00 Arsenic 17

Waterways Background Galena Gulch SD 6,700 X X R/T 25 3E-05 Arsenic 3E+00 -- 24

Off-Site Soil Background Soil Type 1 SS X X Res 61 1E-04 Arsenic, Chromium, Cobalt 5E+00 Arsenic 55

Off-Site Soil Background Soil Type 2 SS X X Res 17 4E-05 Arsenic, Chromium, Cobalt 7E+00 Cobalt, Iron, Manganese 13

Off-Site Soil Background Soil Type 3 SS X X Res 13 4E-05 Arsenic, Chromium, Cobalt 5E+00 Cobalt 14

Off-Site Soil Off-site Soil Background H1 SS X X Res 32 7E-05 Arsenic, Chromium 4E+00 Arsenic 21

Off-Site Soil Off-site Soil Background H2 SS X X Res 99 2E-04 Arsenic 4E+00 Arsenic 76

Off-Site Soil Off-site Soil SS X X Res 50 1E-04 Arsenic, Chromium, Cobalt 6E+00 Arsenic 129

Off-Site Soil Off-site Soil SB X X Res 30 6E-05 Arsenic 4E+00 Arsenic, Iron 2.2

Notes:

-- = Not applicable

(2)  Mining workers are covered by medical monitoring and are not subject to land-use restrictions.  Otherwise, recreational/tresspasser reuse applies to this expousure area.        = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

BOLD = Bold values have exposure point concentrations greater than the lead Preliminary Remediation Goal 99th Percentile.        = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

C/I = Commercial/Industrial Worker        = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1

CW = Construction Worker µg/L = Micrograms per liter

Res = Adult/Child Resident - The Adult/Child Resident exposure scenario represents the unrestricted reuse scenario. mg/kg = Milligrams per kilogram

R/T = Recreational or Trespasser SD = Aquatic sediment from 0 to 0.5-feet bgs

cy = Cubic yards SS = Surface soil/sediment from 0 to 2-feet bgs

AMD = Acid mine drainage SB = Subsurface soil from 2 to 10-feet bgs

EPC = Exposure point concentration SW = Surface waterbsurface soil from 2 to 10-feet bgs

Bioavailability Factor may be updated as new information is developed. DP = Deep soil > 10-feet bgs

Noncancer Hazard DriversCancer Risk Drivers

Cancer Risk 
for Reuse (1)

Noncancer 
Hazard for 

Reuse (1)

Lead EPC 
(mg/kg 

unless noted 
below)

(1)  The cancer risk and noncancer hazards are for the most conservative likely future land use (e.g., residential is more protective than commercial/industrial).  For the Recreational/Tresspasser scenario, 

the values for a child are presented.  The adult/child residential values are presented for the residential scenario.

TABLE 8-1
KEY SITE CHARACTERISTICS

Area of Investigation Sample Group

Surface 
Soil, 

Subsurface 
Soil, or 
Aquatic 

Sediment

Source Characterization Complete Migration Pathways

Notes
Likely Future 

Land Use

Arsenic EPC 
(mg/kg 

unless noted 
below)

6.4 million
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Resident Adult/Child Canrcer Risk Drivers Resident Child Noncancer Hazard Drivers

Off-site Soil Area 02 131 3E-04 Arsenic 5.E+00 Arsenic 84
Off-site Soil Area 03 100 2E-04 Arsenic 4.E+00 Arsenic 47

Off-site Soil Area 04 136 3E-04 Arsenic 5.E+00 Arsenic 94
Off-site Soil Area 06 42.1 9E-05 Arsenic 2.E+00 Arsenic 56

Off-site Soil Area 07 298 6E-04 Arsenic 1.E+01 Arsenic 71

Off-site Soil Area 08 131 3E-04 Arsenic 5.E+00 Arsenic 280
Off-site Soil Area 09 47.7 1E-04 Arsenic 2.E+00 Arsenic 50

Off-site Soil Area 10 48.2 1E-04 Arsenic 2.E+00 Arsenic 66

Off-site Soil Area 11 45.9 1E-04 Arsenic 2.E+00 Arsenic 883
Off-site Soil Area 12 52.9 1E-04 Arsenic 2.E+00 Arsenic 140
Off-site Soil Area 13 39.7 8E-05 Arsenic 2.E+00 Arsenic 84
Off-site Soil Area 14 38.2 8E-05 Arsenic 1.E+00 Arsenic 69

Off-site Soil Area 15 49.5 1E-04 Arsenic 2.E+00 Arsenic 140
Off-site Soil Area 16 56.1 1E-04 Arsenic 2.E+00 Arsenic 212
Off-site Soil Area 17 57.2 1E-04 Arsenic 2.E+00 Arsenic 70

Off-site Soil Area 19 36.4 8E-05 Arsenic 1.E+00 Arsenic 60

Off-site Soil Area 20 63.4 1E-04 Arsenic 2.E+00 Arsenic 47

Off-site Soil Area 101 192 4E-04 Arsenic, Chromium, Cobalt 1.E+01 Arsenic, Cobalt 130
Off-site Soil Area 102 37.9 8E-05 Arsenic, Chromium, Cobalt 5.E+00 Arsenic 88
Off-site Soil Area 103 66.3 1E-04 Arsenic, Chromium 5.E+00 Arsenic 289
Off-site Soil Area 104 33.5 7E-05 Arsenic, Chromium, Cobalt 6.E+00 Arsenic, Manganese 54

Off-site Soil Area 105 39.9 9E-05 Arsenic, Chromium, Cobalt 1.E+01 Aluminum, Antimony, Arsenic, Chromium, Copper 389
Off-site Soil Area 106 49 1E-04 Arsenic, Chromium, Cobalt 6.E+00 Arsenic, Cobalt 48

Off-site Soil Area 107 84.2 2E-04 Arsenic, Chromium, Cobalt 8.E+00 Arsenic 282
Off-site Soil Area 108 120 3E-04 Arsenic, Chromium, Cobalt 9.E+00 Arsenic, Manganese 628
Off-site Soil Area 109 70 2E-04 Arsenic, Chromium, Cobalt 7.E+00 Arsenic 298
Off-site Soil Area 110 26.7 6E-05 Arsenic, Chromium 3.E+00 Arsenic 76

Off-site Soil Area 111 165 4E-04 Arsenic, Chromium, Cobalt 1.E+01 Arsenic 924
Off-site Soil Area 112 28.3 6E-05 Arsenic, Chromium, Cobalt 4.E+00 Arsenic 18
Off-site Soil Area 113 29.9 6E-05 Arsenic, Chromium 4.E+00 Arsenic 23

Off-site Soil Area 114 104 2E-04 Arsenic, Chromium 7.E+00 Arsenic 72

Off-site Soil Area 115 34.5 8E-05 Arsenic, Chromium, Cobalt 6.E+00 Arsenic, Cobalt 67

Off-site Soil Area 116 246 5E-04 Arsenic, Chromium, Cobalt 1.E+01 Antimony, Arsenic, Manganese 111
Off-site Soil Area 117 123 3E-04 Arsenic, Chromium, Cobalt 8.E+00 Arsenic 95
Off-site Soil Area 118 198 4E-04 Arsenic, Chromium, Cobalt 1.E+01 Arsenic 1,610
Off-site Soil Area 119 65.6 1E-04 Arsenic, Chromium 6.E+00 Arsenic 312
Off-site Soil Area 120 20.5 4E-05 Arsenic, Chromium, Cobalt 9.E+00 Arsenic 18,100
Off-site Soil Area 121 57.2 1E-04 Arsenic, Chromium, Cobalt 6.E+00 Arsenic 95
Off-site Soil Area 122 25.1 5E-05 Arsenic, Chromium 3.E+00 -- 123
Off-site Soil Area 123 26.5 6E-05 Arsenic, Chromium 3.E+00 Arsenic 41

Lead EPC 
(mg/kg)

TABLE 8-2
KEY SITE CHARACTERISTICS FOR IN-TOWN PARCELS

Sample Group
Arsenic 

Concentration 
(mg/kg)

Cancer Risk Summary Noncancer Hazard Summary
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Resident Adult/Child Canrcer Risk Drivers Resident Child Noncancer Hazard Drivers Lead EPC 
(mg/kg)

TABLE 8-2
KEY SITE CHARACTERISTICS FOR IN-TOWN PARCELS

Sample Group
Arsenic 

Concentration 
(mg/kg)

Cancer Risk Summary Noncancer Hazard Summary

Off-site Soil Area 124 26.7 6E-05 Arsenic, Chromium 3.E+00 Arsenic 47

Off-site Soil Area 125 22.5 5E-05 Arsenic, Chromium 3.E+00 -- 68

Off-site Soil Area 126 64.1 1E-04 Arsenic, Chromium, Cobalt 8.E+00 Arsenic, Cobalt, Iron, Manganese 47

Off-site Soil Area 127 313 7E-04 Arsenic, Chromium 1.E+01 Arsenic 328
Off-site Soil Area 128 633 1E-03 Arsenic, Chromium 3.E+01 Arsenic 398
Off-site Soil Area 129 26.7 6E-05 Arsenic, Chromium 4.E+00 Arsenic, Manganese 57

Off-site Soil Area 130 18.7 4E-05 Arsenic, Chromium 5.E+00 Manganese 48

Off-site Soil Area 131 24.5 5E-05 Arsenic, Chromium 5.E+00 Manganese 50

Off-site Soil Area 132 131 3E-04 Arsenic, Chromium 9.E+00 Arsenic 1,792
Off-site Soil Area 133 368 8E-04 Arsenic, Chromium, Cobalt 2.E+01 Arsenic 1,655
Off-site Soil Area 134 29.7 6E-05 Arsenic, Chromium 3.E+00 Arsenic 47

Off-site Soil Area 135 43.0 9E-05 Arsenic, Chromium 5.E+00 Arsenic, Manganese 132
Off-site Soil Area 136 31.3 7E-05 Arsenic, Chromium, Cobalt 5.E+00 Arsenic, Manganese 58

Off-site Soil Area 137 17.4 4E-05 Arsenic, Chromium 3.E+00 -- 65

Off-site Soil Area 138 52.8 1E-04 Arsenic, Chromium 4.E+00 Arsenic 232
Off-site Soil Area 139 17.7 4E-05 Arsenic, Chromium, Cobalt 4.E+00 Manganese 31

Off-site Soil Area 140 27.0 6E-05 Arsenic, Chromium 4.E+00 Arsenic, Manganese 119
Off-site Soil Area 141 64.8 1E-04 Arsenic, Chromium 5.E+00 Arsenic 435
Off-site Soil Area 142 331 7E-04 Arsenic, Chromium 2.E+01 Arsenic 507
Off-site Soil Area 143 76.6 2E-04 Arsenic, Chromium 5.E+00 Arsenic 372
Off-site Soil Area 144 27.1 6E-05 Arsenic, Chromium 4.E+00 Arsenic, Manganese 82

Off-site Soil Area 145 50.4 1E-04 Arsenic, Chromium 6.E+00 Arsenic, Manganese 88
Off-site Soil Area 146 39.1 8E-05 Arsenic, Chromium, Cobalt 5.E+00 Arsenic, Manganese 68

Off-site Soil Area 147 155 3E-04 Arsenic, Chromium 8.E+00 Arsenic 126
Off-site Soil Area 148 133 3E-04 Arsenic, Chromium, Cobalt 1.E+01 Arsenic, Manganese 693

Notes:
-- Not Applicable

EPC = Exposure point concentration

mg/kg = Milligrams per kilogram

BOLD = Bold values have exposure point concentrations greater than the Preliminary Remediation Goal 99th Percentile.
Bioavailability Factor may be updated as new information is developed.

       = Carcinogenic risks > 1 x 10-4 or Noncarcinogenic Hazard Index > 10

       = Carcinogenic risks > 1 x 10-6 but < 1 x 10-4 or Noncarcinogenic Hazard Index > 1 but < 10

       = Carcinogenic risks < 1 x 10-6 or Noncarcinogenic Hazard Index < 1
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 1-1 – Site Location
Remedial Investigation Report
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 1-2 – Areas of Interest
Remedial Investigation Report
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 1-3 – Iron King Mine Features
Remedial Investigation Report
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Remedial Investigation Report

0 250 500

Feet

Note:
Boundaries are approximate and may be 
subject to change

20
09

-11
-12

    
H:

\pr
oje

cts
\14

34
23

4_
ou

t\M
XD

\R
I\1

-4.
mx

d  
  E

A-
Lo

ve
ton

    
jkl

em
ick

Ash

Slag Pile

Tailings

Humboldt Smelter

Waterways

Potential surface water 
migration pathways

Retention pond

Saw Mill

Site Location

8

10

40

15

17

19

10

Mesa

Tucson

Phoenix

Las Vegas A r i z o n a

U TN V

N M

C O

M e x i c o



IKMMTIKMMT

IKMOAIKMOA

IKFFPIKFFP

IKMSYIKMSY

IKMMPIKMMP

IKMOAMIKMOAM

IKMSTIKMST
IKMGHIKMGH

UV69

100-003F

200
-55

Main 
Retention 

Ponds

40-02A
40-01A

CC
hhaappaarrrraall  GG

uullcchh

GGaall eennaa  GG
uullcchh

20
09

-10
-13

    
f:\f

ed
era

l\e
pa

\ra
c i

i\0
03

4-i
ron

 ki
ng

 m
ine

\ep
a -

 gi
s -

 ca
d\g

is 
fro

m 
jor

da
n\1

43
42

34
\m

xd
\ri\

rir_
2-1

.m
xd

    
EA

-D
all

as
    

jsc
hw

ert
z

EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008

Legend

Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 2-1 – Iron King Mine - Exposure Areas
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Figure 2-2 – Humboldt Smelter - Exposure Areas
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Figure 2-3 – Waterway Exposure Areas
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Figure 3-1 – Geologic Map
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Figure 3-2 – Surface Water Migration
Remedial Investigation Report
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Figure 5-3 – Iron King Mine - Arsenic in Subsurface Soil (2-10 Feet BGS)
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Figure 5-4 – Iron King Mine - Lead in Subsurface Soil (2-10 Feet BGS)
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Figure 5-11 – Tailings Geochemical Processes
Remedial Investigation Report
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Figure 5-12 – Surface Water Geochemical Processes
Remedial Investigation Report

Site Location

§̈¦8

§̈¦10

§̈¦40

§̈¦15

§̈¦17

§̈¦19

§̈¦10

Mesa

Tucson

Phoenix

Las Vegas A r i z o n a

U TN V

N M

C O

M e x i c o

AZ
NM

UT

NV

CA

CO



LargeLarge
TailingsTailings

PilePile

Small Small 
Tailings Tailings 

PilePile

40

20

3

30/35
5

2

6

4

7

1

9

9

8

MineMine
PlantPlant

Former Drum AreaFormer Drum Area

GG aa ll ee nn aa   GG uu ll cc hh

CC hh aa pp aa rr rr aa ll   GG

uu
ll cc

hh

8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

Small Small 
Tailings Tailings 

PilePile

40

20

3

30/35
5

2

6

4

7

1

Office

9

9

8

MineMine
PlantPlant

Former Drum AreaFormer Drum Area

GG aa ll ee nn aa   GG uu ll cc hh

CC hh aa pp aa rr rr aa ll   GG

uu
ll cc

hh

8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

Small Small 
Tailings Tailings 

PilePile

40

42

20

41

3

30/35
5

2

6

4

7

1

Office

9

9

8

MineMine
PlantPlant

FormerFormer
Drum AreaDrum Area

CC hh aa pp aa rr rr aa ll   GG

uu
llcc

hh

GG aa ll ee nn aa   GG

uu
ll cc

hh

8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

Small Small 
Tailings Tailings 

PilePile

40

42

20

41

3

30/35
5

2

6

4

7

1

Office

9

9

8

MineMine
PlantPlant

FormerFormer
DrumDrum
AreaArea

CC hh aa pp aa rr rr aa ll   GG uu ll cc hh

GG aa ll ee nn aa   GG

uu
ll cc

hh

8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

Small Small 
Tailings Tailings 

PilePile

40

42

20

41

3

30/35
5

2

6

4

7

1

Office

9

9

8

MineMine
PlantPlant

GG aa ll ee nn aa   GG uu ll cc hh 8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

Small Small 
Tailings Tailings 

PilePile

40

42

20

41

3

30/35
5

2

6

4

7

1

Office

9

9

8

MineMine
PlantPlant

GG aa ll ee nn aa   GG uu ll cc hh 8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

40

42

20

4130/35

Office

MineMine
PlantPlant

GG aa ll ee nn

aa
  GG

uu
ll cc

hh

8

10

40

15

17

19

10

Phoenix

M e x i c o

2



LargeLarge
TailingsTailings

PilePile

40

42

20

4130/35

Office

MineMine
PlantPlant

GG aa ll ee nn

aa
  GG

uu
ll cc

hh

8

10

40

15

17

19

10

Phoenix

M e x i c o

2



Metal
Shed

Office
Building

Smelter

Assay
Laboratory

Drum PileDrum Pile

AA
gg

uu
aa

  
FF

rr
ii aa

  RR
ii vv

ee
rr

CC hh aa pp

aa
rr rr aa

ll   GG
uu ll cc hh

8

10

40

15

17

19

10

Phoenix

M e x i c o



Smelter

Assay
Laboratory

Office
Building

Drum PileDrum Pile

Metal
Shed

AA
gg

uu
aa

  
FF

rr
ii aa

  RR
ii vv

ee
rr

CC hh aa pp

aa
rr rr aa

ll   GG
uu ll cc hh

8

10

40

15

17

19

10

Phoenix

M e x i c o



!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

Office
Building

CC
h h

aa
pp

aa rr rr aa ll   GGuull cchh

AA
gg

uu
aa

  FF
r r

iiaa  RR
iivveerr

HSV-123
4.03 E-7

HSV-121
2.49 E-4

HSV-120
3.06 E-4

HSV-118
2.72 E-4

HSV-113
7.08 E-7

HSV-111
6.16 E-5

HSV-108
3.56 E-7

HSV-105
3.30 E-7

HSV-104
9.94 E-7

HSV-101
3.80 E-7

HSJ-527
3.89 E-6

HSJ-521
1.27 E-4

HSJ-519
3.51 E-4

HSJ-518
3.77 E-5

HSJ-511
2.24 E-4

BKG-309
1.52 E-7

BKG-307
1.88 E-7

HSJ-516
4.63 E-6

HSV-126
2.90 E-7

HSV-124
5.72 E-7

HSV-117
1.39 E-7

HSV-115
1.94 E-7

HSV-106
2.60 E-7

HSV-103
2.12 E-7

HSJ-517
3.41 E-4

HSJ-515
2.13 E-4

BKG-306
2.03 E-7

BKG-305
3.06 E-7

BKG-302
3.51 E-7

BKG-301
2.53 E-7

BKG-310
1.29 E-7

BKG-308
1.57 E-7

BKG-304
2.17 E-7

BKG-303
3.40 E-7

20
09

-11
-09

    
f:\f

ed
era

l\e
pa

\ra
c i

i\0
03

4-i
ron

 ki
ng

 m
ine

\ep
a -

 gi
s -

 ca
d\g

is 
fro

m 
jor

da
n\1

43
42

34
\m

xd
\ri\

rir_
5-2

3_
hs

_d
iox

in.
mx

d  
  E

A-
Da

lla
s  

  js
ch

we
rtz

EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008

Legend

Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-23 – Humboldt Smelter - Dioxins
Remedial Investigation Report
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"Concentration" "Concentration" 
units = mg/kg - milligrams per kilogramunits = mg/kg - milligrams per kilogram
GreyGrey One-half reporting limit for non-detect One-half reporting limit for non-detect
Green Green  less than Residential Screening Level less than Residential Screening Level
Orange Orange  less than Industrial Screening Level less than Industrial Screening Level
RedRed greater than Industrial Screening Level greater than Industrial Screening Level

!( Definitive Soil Sample Location
"Sample Identification"

"Concentration"

Notes
EPA Regional Residential Screening Level - 4.50 E-6 mg/kg
EPA Regional Industrial Screening Level - 1.80 E-5 mg/kg
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-24 – Humboldt Smelter - Arsenic in Subsurface Soil (2-10 Feet BGS)
Remedial Investigation Report
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Notes
SSL= Soil Screening Level
EPA Regional Residential SSL - 0.39 mg/kg
EPA Regional Industrial SSL - 1.6 mg/kg
Arizona Soil Remediation Level for Residential or 
Non-Residential Soil - 10 mg/kg

Samples were collected from the 4 to 8-foot 
depth interval, except for the first CG-22 
sample, which was collected from 2 to 3-feet bgs. 

"Concentration" "Concentration" 
units = mg/kg - milligrams per kilogramunits = mg/kg - milligrams per kilogram
GreyGrey non-detect non-detect
Green Green  less than ten times Residential and Industrial SSL less than ten times Residential and Industrial SSL
Orange Orange  less than one hundred times Industrial SSL less than one hundred times Industrial SSL
RedRed greater than one hundred times Industrial SSL greater than one hundred times Industrial SSL

"Sample Identification"
"Concentration"

!( Soil Sample Location
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Aerial Photo Source: Yavapai County GIS, 2007
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-25 – Humboldt Smelter - Lead in Subsurface Soil (2-10 Feet BGS)
Remedial Investigation Report
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Notes
SSL= Soil Screening Level
EPA Regional Residential SSL - 400 mg/kg
EPA Regional Industrial SSL - 800 mg/kg
Arizona Soil Remediation Level for Residential Soil - 400 mg/kg
Arizona Soil Remediation Level for Non-Residential Soil - 2,000 mg/kg

Samples were collected from the 4 to 8-foot depth interval, except 
for the first CG-22 sample, which was collected from 2 to 3-feet bgs. 

Ash, Sinter, and Debris

"Concentration" "Concentration" 
units = mg/kg - milligrams per kilogramunits = mg/kg - milligrams per kilogram
GreyGrey non-detect non-detect
Green Green  less than Residential SSL less than Residential SSL
Orange Orange  less than Industrial SSL less than Industrial SSL
RedRed greater than Industrial SSL greater than Industrial SSL

"Sample Identification"
"Concentration"

!( Soil Sample Location
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Aerial Photo Source: Yavapai County GIS, 2007
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-26 – Humboldt Smelter - Arsenic in Deep Soil (greater than 10 feet BGS) 
Remedial Investigation Report
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Notes
SSL= Soil Screening Level
EPA Regional Residential SSL - 0.39 mg/kg
EPA Regional Industrial SSL - 1.6 mg/kg
Arizona Soil Remediation Level for Residential or 
Non-Residential Soil - 10 mg/kg

"Concentration" "Concentration" 
units = mg/kg - milligrams per kilogramunits = mg/kg - milligrams per kilogram
GreyGrey non-detect non-detect
Green Green  less than ten times Residential and Industrial SSL less than ten times Residential and Industrial SSL
Orange Orange  less than one hundred times Industrial SSL less than one hundred times Industrial SSL
RedRed greater than one hundred times Industrial SSL greater than one hundred times Industrial SSL

!( Definitive Soil Sample Location
"Sample Identification"

"Depth Interval (ft)": "Concentration"
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Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-27 – Humboldt Smelter - Lead in Deep Soil (greater than 10 feet BGS)
Remedial Investigation Report
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Notes
SSL= Soil Screening Level
EPA Regional Residential SSL - 400 mg/kg
EPA Regional Industrial SSL - 800 mg/kg
Arizona Soil Remediation Level for Residential Soil - 400 mg/kg
Arizona Soil Remediation Level for Non-Residential Soil - 2,000 mg/kg

Ash, Sinter, and Debris

"Concentration" "Concentration" 
units = mg/kg - milligrams per kilogramunits = mg/kg - milligrams per kilogram
GreyGrey non-detect non-detect
Green Green  less than Residential SSL less than Residential SSL
Orange Orange  less than Industrial SSL less than Industrial SSL
RedRed greater than Industrial SSL greater than Industrial SSL

!( Definitive Soil Sample Location
"Sample Identification"

"Depth Interval (ft)": "Concentration"
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-46 – Arsenic in Off-site Soil (Historical Data)
Remedial Investigation Report
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Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-47 – Lead in Off-site Soil (Historical Data)
Remedial Investigation Report
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-48 – Arsenic in Off-site Soil (September 2008)
Remedial Investigation Report
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-49 – Lead in Off-site Soil (September 2008)
Remedial Investigation Report

Notes
SSL= Soil Screening Level
EPA Regional Residential SSL - 400 mg/kg
EPA Regional Industrial SSL - 800 mg/kg
Arizona Soil Remediation Level for Residential Soil - 400 mg/kg
Arizona Soil Remediation Level for Non-Residential Soil - 2,000 mg/kg
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-50 – Arsenic in Off-site Soil (April/May 2009)
Remedial Investigation Report
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EPA Regional Industrial SSL - 1.6 mg/kg
Arizona Soil remediation Level for Residential or 
Non-Residential Soil - 10 mg/kg

Site Location

8

10

40

15

17

19

10

Mesa

Tucson

Phoenix

Las Vegas A r i z o n a

U TN V

N M

C O

M e x i c o

20
09

-11
-12

    
H:

\pr
oje

cts
\14

34
23

4_
ou

t\M
XD

\R
I\5

-50
.m

xd
    

EA
-Lo

ve
ton

    
jkle

mi
ck

"Sample Identification"
"Depth Interval"

Min: "Minimum Concentration"
Max: "Maximum Concentration"
Avg: "Average Concentration"

Depth Interval
"Concentration"

"Concentration" "Concentration" 
units = mg/kg - milligrams per kilogramunits = mg/kg - milligrams per kilogram
NS = Not SampledNS = Not Sampled
GreyGrey  non-detect non-detect
Green Green  < 10X Residentia l and Industrial SSL < 10X Residentia l and Industrial SSL
Orange Orange  < 100X  Industria l SSL < 100X  Industria l SSL
RedRed  > 100X  Industria l SSL > 100X  Industria l SSL

Humboldt Smelter

Iron King Mine

Salvage Yard
Former Fertilizer Plant Area
Iron King Operations Area
Iron King Mine Proper Area

Road Centerlines

Sampled Parcels

Waterways
  Chaparral Gulch, Galena Gulch,
  Agua Fria River



OFS-138
0''-2''

Min: 22.7
Max: 346

Avg: 178.79

10''=12''
55.6

OFS-134
0''-2''

Min: 21.7
Max: 67.3
Avg: 37.95

10''=12''
25.3

OFS-129
0''-2''

Min: 13.3
Max: 101

Avg: 46.24

10''=12''
11.3

OFS-131
0''-2''

Min: 12.3
Max: 59.9
Avg: 34.15

10''=12''
63.6

OFS-145
0''-2''

Min: 31.6
Max: 151

Avg: 68.27

10''=12''
14.5

OFS-130
0''-2''

Min: 18.6
Max: 65.8
Avg: 41.99

10''=12''
26.3

OFS-147
0''-2''

Min: 15.3
Max: 215
Avg: 42.1

10''=12''
15.9

OFS-136
0''-2''

Min: 12.9
Max: 70.7
Avg: 47.05

10''=12''
NS

OFS-137
0''-2''

Min: 11.8
Max: 93.8
Avg: 49.87

10''=12''
47.5

OFS-141
0''-2''

Min: 101
Max: 746

Avg: 309.5

10''=12''
382

OFS-139
0''-2''

Min: 17.2
Max: 36.2
Avg: 27.83

10''=12''
25.1

OFS-146
0''-2''
Min: 4

Max: 138
Avg: 48.68

10''=12''
13.8

OFS-142
0''-2''

Min: 31.4
Max: 1150

Avg: 334.43

10''=12''
20.4

OFS-148
0''-2''

Min: 175
Max: 1040
Avg: 548.5

10''=12''
536

OFS-135
0''-2''

Min: 9.6
Max: 278

Avg: 59.12

10''=12''
121

OFS-132
0''-2''

Min: 88.5
Max: 4090

Avg: 904.75

10''=12''
800

OFS-143
0''-2''

Min: 15.5
Max: 777

Avg: 247.24

10''=12''
231

OFS-133
0''-2''

Min: 67.1
Max: 3130

Avg: 1063.71

10''=12''
66.3

OFS-140
0''-2''

Min: 53.9
Max: 147

Avg: 99.46

10''=12''
76.4

OFS-144
0''-2''

Min: 29.4
Max: 119

Avg: 66.85

10''=12''
69.3

OFS-127
0''-2''

Min: 15.5
Max: 409

Avg: 247.24

10''=12''
20.7

OFS-128
0''-2''

Min: 31.4
Max: 871

Avg: 334.43

10''=12''
14.7

AA

gguuaa  FFrrii aa  RRii vveerr

GGaalleennaa  GG
uu
ll cchh

CChhaappaarrrraall   GG
uu

llcchh

EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-51 – Lead in Off-site Soil (April/May 2009)
Remedial Investigation Report

Notes
SSL= Soil Screening Level
EPA Regional Residential SSL - 400 mg/kg
EPA Regional Industrial SSL - 800 mg/kg
Arizona Soil Remediation Level for Residential Soil - 400 mg/kg
Arizona Soil Remediation Level for Non-Residential Soil - 2,000 mg/kg
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-52 – Background Arsenic Concentrations
Remedial Investigation Report
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-53 – Background Lead Concentrations
Remedial Investigation Report
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Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-54 – Potentiometric Surface Alluvial Aquifer
Remedial Investigation Report
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EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-55 – Sulfate in Ground Water
Remedial Investigation Report

0 1,000 2,000

Feet

Notes
NSDWR= National Secondary 
                 Drinking Water Standards
                 250,000 µg/L 

Site Location

8

10

40

15

17

19

10

Mesa

Tucson

Phoenix

Las Vegas A r i z o n a

U TN V

N M

C O

M e x i c o

GW-999950
13,000

GW-999920
72,000

0 1 20.5
Miles

Humboldt Smelter

Iron King Mine

Waterways
  Chaparral Gulch, Galena Gulch,
  Agua Fria River

Ground Water Sample Location

Approximate Plume Boundaries
Road Centerlines

"Sample Identification"
"Concentration"

"Concentration" "Concentration" 
units = µg/L - Microgram per Literunits = µg/L - Microgram per Liter
Green Green less than or equal to NSDWRless than or equal to NSDWR
Black between MCL and 2 times NSDWRBlack between MCL and 2 times NSDWR
RedRed  greater than 2 t imes NSDWR greater than 2 t imes NSDWR



MW-06-D
460,000

MW-05-S
3,300,000

MW-04-S
3,100,000

MW-03-S
1,100,000

MW-02-S
580,000

Cistern
7,200,000

MW-01-S
13,000,000

GW-999952
460,000

GW-999951
330,000

GW-999950
470,000

GW-999948
500,000

GW-999954
7,600,000

GW-999953
2,100,000

GW-999949
510,000

GW-999947
3,000,000

GW-999945
1,900,000

GW-592720
670,000

GW-SW-08
1,000,000

AA
gguuaa  FFrr ii aa  RRii vveerr

CChhaappaarrrraall   GGuullcchh

GGaalleennaa  GGuullcchh

20
09

-11
-12

    
H:

\pr
oje

cts
\14

34
23

4_
ou

t\M
XD

\R
I\D

S_
GW

.m
xd

    
EA

-Lo
ve

ton
    

jkl
em

ick

EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-56 – Total Dissolved Solids in Ground Water
Remedial Investigation Report

0 1,000 2,000500

Feet

Notes
NSDWR = National Secondary 
                  Drinking Water Standards
                  500,000 µg/L 

Site Location

8

10

40

15

17

19

10

Mesa

Tucson

Phoenix

Las Vegas A r i z o n a

U TN V

N M

C O

M e x i c o

Humboldt Smelter

Iron King Mine

Waterways
  Chaparral Gulch, Galena Gulch,
  Agua Fria River

Ground Water Sample Location

Approximate Plume Boundaries
Road Centerlines

"Sample Identification"
"Concentration"

"Concentration" "Concentration" 
units = µg/L - Microgram per Literunits = µg/L - Microgram per Liter
Green Green less than or equal to NSDWRless than or equal to NSDWR
Black between MCL and 2 times NSDWRBlack between MCL and 2 times NSDWR
RedRed  greater than 2 t imes NSDWR greater than 2 t imes NSDWR



MW-05-S
8,300

MW-06-D
55,000

MW-04-S
50,000

MW-03-S
74,000 MW-02-S

32,000

Cistern
71,000

MW-01-S
5,300,000

GW-SW-08
76,000

GW-999954
71,000 GW-999953

640,000

GW-999952
34,000

GW-999951
23,000

GW-999950
62,000

GW-999949
34,000

GW-999948
16,000

GW-999945
35,000

GW-592720
49,000

GW-999947
1,000,000

AA
gg
uu
aa
  FF

rr
ii aa

  RR
ii vv

ee
rr

CChhaappaarrrraall  GGuullcchh

GGaalleenn
aa  GGuullcchh

20
09

-11
-12

    
H:

\pr
oje

cts
\14

34
23

4_
ou

t\M
XD

\R
I\C

l_G
W

.m
xd

    
EA

-Lo
ve

ton
    

jkl
em

ick

EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-57 – Chloride in Ground Water
Remedial Investigation Report
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Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-58 – Arsenic in Ground Water
Remedial Investigation Report

0 2,000 4,000
Feet

Notes
MCL = Maximum Contaminant Level
EPA MCL = 10 µg/L 

Site Location

8

10

40

15

17

19

10

Mesa

Tucson

Phoenix

Las Vegas A r i z o n a

U TN V

N M

C O

M e x i c o

17

69

169
Dewey-HumboldtDewey-HumboldtPrescott

GW-999926
2.4

GW-999925
5.5

0 5 102.5
Miles

Humboldt Smelter

Iron King Mine

Waterways
  Chaparral Gulch, Galena Gulch,
  Agua Fria River

Ground Water Sample Location

Road Centerlines

"Sample Identification"
"Concentration"

"Concentration" "Concentration" 
units = µg/L - Microgram per Literunits = µg/L - Microgram per Liter
Green Green less than or equal to MCLless than or equal to MCL
Black between MCL and 2 times MCLBlack between MCL and 2 times MCL
RedRed  greater than 2 t imes MCL greater than 2 t imes MCL



MW-06-D
1

GW-999947
9

GW-999935
8

MW-05-S
0.79

MW-04-S
0.77

MW-02-S
0.21

MW-01-S
0.37

Cistern
0.22

GW-SW-08
0.48

GW-999953
49.8

GW-999951
7.5

GW-999948
2.1

GW-999946
8.2

GW-999941
7.2

GW-999940
3.3

GW-999939
4.9

GW-999937
7.2

GW-999936
4.8

GW-999934
1.2

GW-999932
1.1

GW-999930
5.7

GW-999923
4.9

GW-999921
1.1

GW-999916
8.1

GW-999907
1.1

GW-999904
1.6

GW-592720
18

GW-573389
3.6

GW-999952
0.18

GW-999950
0.71

GW-999945
0.79 GW-999938

14.8

GW-999933
13.3

GW-999931
0.52

GW-999929
0.27

GW-999928
14.6

GW-999922
1 U

GW-511246
1 U

GW-999913
0.5 U

GW-999910
0.3 U

GW-999944
0.42 U

GW-999943
0.81 U

GW-999927
0.67 U

GW-999919
0.21 U

GW-999918
0.95 U

GW-999917
0.21 U

GW-999915
0.34 U

GW-999912
0.42 U

GW-999911
0.49 U

GW-999909
0.47 U

GW-999905
0.47 U

GW-999903
0.06 U

GW-999902
0.31 U

GW-586144
0.43 U

GW-999954
41

MW-03-S
0.33

GW-551459
1.5

GW-999949
0.55

GW-999924
0.95 U

GW-999914
0.45 U

GW-999908
0.13 U

GW-999901
0.58 U

CChhaappaarrrraall   GGuull cchh

20
09

-11
-12

    
H:

\pr
oje

cts
\14

34
23

4_
ou

t\M
XD

\R
I\P

b_
GW

.m
xd

    
EA

-Lo
ve

ton
    

jkl
em

ick

EPA Identification Number: AZ0000309013
Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008

Legend

Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure 5-59 – Lead in Ground Water
Remedial Investigation Report
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Figure 5-60 - Ambient Air Sampling Locations
Remedial Investigation Report
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Figure 5-61 – Iron King Mine TEOM PM-10 Data
Remedial Investigation Report

Remedial Investigation/Feasibility Study
Iron King Mine – Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
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Figure 5-62 – Humboldt Smelter TEOM PM-10 Data
Remedial Investigation Report

Remedial Investigation/Feasibility Study
Iron King Mine – Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
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Figure 5-63 – Humboldt In-Town TEOM PM-10 Data
Remedial Investigation Report

Remedial Investigation/Feasibility Study
Iron King Mine – Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
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Figure 5-64 - Ambient Air Concentrations
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Ambient Air Quality Standard = 150 µg/m3
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Figure 5-65 - Ambient Air Concentrations

Particulate Matter < 10 Microns
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Ambient Air Quality Standard = 150 µg/m3
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Figure 5-66 - Particulate Ambient Air Concentrations

Ambient Air Quality Standard  = 150 µg/m3
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Figure 5-67 - Arsenic and Lead Ambient Air Concentrations

Lead Annual Ambient Air Quality Standard = 0.15 µg/m3Arsenic EPA Residential Regional Screening Level = 0.00057 µg/m3 

Arsenic California EPA Reference Exposure Level = 0.19 µg/m3 Lead Temporary Emergency Exposure Limit = 50 µg/m3 
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Figure 5-62 - Antimony anderage Concentrations

Aluminum EPA Residential Regional Screening Level = 5.2 µg/m3

Figure 5-68 - Aluminum Ambient Air Concentrations
Aluminum Temporary Emergency Exposure Limit = 10,000 µg/m3 
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Figure 5-63 - Beryllium andmbient Air Average Concentrations

Cadmium EPA Residential Regional Screening Level = 0.0014 µg/m3Beryllium EPA Residential Regional Screening Level = 0.001 µg/m3

Figure 5-69 - Beryllium and Cadmium Ambient Air Concentrations
Cadmium Temporary Emergency Exposure Limit = 5 µg/m3 Beryllium Emergency Response Planning Guidelines = 25  µg/m3 
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Figure 5-64 - Mekel Ambient Air Average Concentrations

Nickel EPA Residential Regional Screening Level = 0.0051 µg/m3Chromium EPA Residential Regional Screening Level = 0.0004 µg/m3 

Figure 5-70 - Chromium and Nickel Ambient Air Concentrations
Chromium Temporary Emergency Exposure Limit = 1,000  µg/m3 Nickel California EPA Reference Exposure Level = 6 µg/m3 



Figure 5-71 – Iron King Mine Wind Data
Remedial Investigation Report

Remedial Investigation/Feasibility Study
Iron King Mine – Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
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Figure 5-72 – Asbestos Sampling Results
Remedial Investigation Report
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Figure 5-73 – Conceptual Site Model
Remedial Investigation Report



FIGURE 6-1
HUMAN HEALTH CONCEPTUAL SITE MODEL
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Figure 6-2 – Off-Site Soil AOI Cancer Risks
Remedial Investigation Report
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Figure 6-3 – Off-Site Soil AOI Noncancer Hazard Index
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FIGURE 7-1 ECOLOGICAL RISK ASSESSMENT PROCESS FOR 
SUPERFUND 
(USEPA 1999) 
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Figure 7-2.  Exposure Pathway Analysis For Iron King Mine/Humboldt Smelter Superfund Site Ecological Exposures
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1. INTRODUCTION 

This document presents an analysis of the background soil and speciation data collected by EA 
Engineering, Science, and Technology, Inc. (EA) for the Iron King Mine – Humboldt Smelter 
Superfund Site (Site) located in Dewey-Humboldt, Yavapai County, Arizona.  The background 
soil data sets consist of analytical data collected during the Remedial Investigation/Feasibility 
Study (RI/FS) field investigation.  EA produced this report for the U.S. Environmental Protection 
Agency (EPA) Region 6 as part of Task Order No. 0034-RICO-00MX under Remedial Action 
Contract No.  EP-W-06-004. 

The purpose and data quality objectives (DQOs) are provided in Sections 1.1 and 1.2.  The site 
setting is provided in Section 2.  A summary of the background soil field investigation is 
provided in Section 3.  Section 4 contains analytical data quality information.  The development 
of background threshold values (BTVs) is provided in Section 5.  Section 6 presents the 
geochemical evaluation.  An analysis of the lead and arsenic geochemical speciation results are 
contained in Section 7.  References are provided in Section 8. 
 
1.1 PURPOSE 

The purpose of this report was to develop BTVs to determine if soil data collected at the Site is 
impacted from activities related to historic operations at the Iron King Mine, Humboldt Smelter, 
or ancillary associated properties.  To aid in this evaluation, three background evaluations are 
presented: 

• Development of BTVs for metals in background soil data collected during the EPA RI 
field investigation 

• Evaluation of geochemical properties of lead and arsenic 
• Analysis of geochemical speciation data for lead and arsenic 

Each of these tools is presented in this report. 

1.2 DATA QUALITY OBJECTIVES 

The DQO process is a series of planning steps designed to ensure that the type, quantity, and 
quality of environmental data used in decision-making are appropriate for the intended 
application.  The project-specific DQOs for the RI/FS process were developed and presented in 
the SAP (EA 2008b).  The methods and techniques required to yield analytical data of acceptable 
quality and quantity to support DQOs are also outlined in the SAP.  

The principal study questions for the Site derived from the DQO process are as follows: 

What are the nature and extent of air, soil, sediment, surface water, and ground water 
contamination at the Areas of Interest (AOI)? 
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What are the migration pathways for these contaminants to be transported to other 
AOIs? 

Are concentrations of AOI contaminants of potential concern (COPCs) significantly 
greater than background? 

What is the potential risk to human health and ecological receptors from exposure to 
Site related COPCs at the AOIs? 

In order to address these study questions and focus the investigation, a conceptual site model 
(CSM) was presented in Appendix B of the SAP (EA 2008b).  The CSM was then used to 
outline the collection of soil samples which were analyzed for: Target Analyte List (TAL) metals 
including mercury and cyanide, and dioxins/furans. 

2. SITE SETTING 

This section presents a summary of the site setting for the background soil investigation 
conducted for the EPA RI investigation.   

 
2.1 SITE LOCATION AND DESCRIPTION 

The Site is located in Dewey-Humboldt, Yavapai County, Arizona.  The Site is a combination of 
sources and releases from two separate facilities:  the Iron King Mine property and the Humboldt 
Smelter property.  A portion of the Town of Humboldt is situated between the mine and the 
smelter.  Three waterways (Chaparral Gulch, Galena Gulch, and Agua Fria River) also transect 
the Site. 

During the course of the investigation, EPA identified five Areas of Interest (AOI): 
 

• Iron King Mine – Includes the Iron King Mine Proper Area, Iron King Mine Operations 
Area, Former Fertilizer Plant Area, Salvage Yard, and ancillary associated properties 

• Humboldt Smelter – Includes ancillary associated properties 

• Waterways – Includes the Chaparral Gulch, Galena Gulch, Agua Fria River, and 
adjoining drainage channels and outfalls 

• Off-site Soil – Includes residential, background, and ancillary properties 

• Ground Water – Includes shallow alluvium and deep bedrock ground water. 

These five AOIs were combined into a single Operational Unit for the purpose of conducting the 
RI/FS because:  (1) ore from the Iron King Mine may have been processed at Humboldt Smelter; 
(2) off-site migration of particulates from the Iron King Mine and Humboldt Smelter may have 
overlapping air-depositional areas; (3) mine tailings from the Iron King Mine have migrated onto 
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the Humboldt Smelter property via the Chaparral Gulch; (4) the Agua Fria River and its 
contributing waterways (e.g., Chaparral Gulch and Galena Gulch) have impacts from both the 
Iron King Mine and Humboldt Smelter; and (5) ground water has been impacted from both the 
Iron King Mine and Humboldt Smelter. 

2.2 GEOLOGY 

A geologic map of the Bradshaw Mountain Quadrangle was published by the United State 
Geographic Survey (USGS) in 1905 (Jagger and Panache 1905.).  Lindgren briefly described the 
geology of the Site with his focus being on the ore deposits of the region (1926).  Creasy (1952) 
prepared a more detailed summary of the regional geology as part of his doctorate thesis.  
Additional geologic information is provided in electronic form in Appendix A-7. 

A geologic map of the area in the vicinity of the Site was prepared by the USGS (see Appendix 
A-7).  In general, the Site is underlain by the Tertiary Hickey Formation, which is a series of 
undifferentiated volcanic units, sedimentary interbeds, and rhyolitic tuffs.  The Hickey 
Formation overlies a suite of Precambrian metamorphic rocks, primarily andesitic breccias and 
tuffs (Creasy 1952).  The breccias are thought to be on the order of 4,000 feet (though almost 
vertical in the vicinity of the Site), while the tuffs may be closer to 6,000 feet thick.  Most of the 
mineralization at the Iron King Mine is associated with hydrothermal veins in the form of a 
massive sulfide deposit that trends along the primary foliations in the rocks.  Minerals mined at 
the Site have included copper, gold, lead, silver, and zinc.  The rocks are highly foliated, with 
associated joints and fractures likely influencing ground water flow.   

2.2.1 Bedrock 

The site is underlain by the Paleoproterozoic (Precambrian) Yavapai metamorphic complex, 
which includes mafic to intermediate volcanic rocks, volcaniclastic, and sedimentary rocks that 
are intruded by calc-alkalic igneous rocks (Eisele and Isachsen, 2001).  The volcanics and 
sedimentary rocks have been metamorphosed to green schist and amphibolite grade phyllites, 
schists, and gneisses.  Within the vicinity of the site, Precambrian rocks have been intruded by 
Tertiary andesite porphyry, which resulted in the hydrothermal activity that resulted in ore 
genesis.  Precambrian schists (similar to the geologic unit formerly known as the Pinal schist in 
Arizona) and Tertiary volcanic rocks are the primary hosts for the Iron King Mine ore deposits.  
Tectonic activity resulted in fractures that primarily followed the foliation planes of the 
Precambrian schists in the area and became preferred pathways for flow of hydrothermal ore-
forming fluids.   

2.2.2 Alluvial deposits 

The native sediments are mostly composed of gray to rusty brown Tertiary gravels, gravelly 
sands and gravelly silts (identified as Trx in Appendix A-6 figures) using the nomenclature in the 
Roadside Geology of Arizona (Chronic, 1983).  These materials were likely deposited as bolson 
fill during basin and range rifting.  The coarse particles (gravel to boulder sized) are identified as 
metamorphic schist (Precambrian Pinal schist), andesite porphyry (probably related to other 
porphyry systems throughout Arizona that are Tertiary in age), granodiorite (unknown age, but 
probably Precambrian), and vein quartz.  The fine matrix is mostly composed of medium to fine 
quartz plus feldspar sand and silt formed from the erosion of micas.  In some localized areas the 
sediments are cemented by caliche. 
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2.3 SOILS 

A site-specific soils resources report was prepared for the Site by the Natural Resources 
Conservation Service (NRCS) of the United States Department of Agriculture (USDA) (USDA 
2008).  The Site and surrounding area was broken into a total of 11 map units, based on grain 
size and slope angle.  Of these 11 units, three units the Balon gravelly sandy clay loam (BgD), 
the Moano gravelly loam (MgD), and the Moano very rocky loam (MkF), encompass 
approximately 70 percent of the surface area in the immediate vicinity of the Site (see Figure B-
1).  More importantly, the BgD map unit is interpreted as being the dominant soil type at both the 
Iron King Mine and Humboldt Smelter AOIs.  The other predominant soil type for the Humboldt 
Smelter is the Springerville-Cabezon complex (SnD), which is the most prominent upwind 
(south) of the Site.   

The dominant native substrate throughout the project area consists of precambrian granite, 
gneiss, and schist (Chronic 1983).  Therefore, soils primarily consist of well-drained, shallow 
soils and rock outcrop on semiarid, mid-elevation hills and mountains.  These soils formed in 
residuum weathered from granite, gneiss, rhyolite, andesite, tuffs, limestone, sandstone, and 
basalt (Hendricks 1985).  

The dominant soils at the Iron King Mine and Humboldt Smelter AOIs is the Balon gravelly 
sandy loam which are very deep, well-drained soils that formed in mixed fan alluvium 
dominantly from schist, granite, basalt and related rocks.  Slopes are generally 2 to 25 percent.  
Balon soils are classified as fine-loamy, mixed, superactive, mesic Ustic Haplargids. 

The other dominant soil mapping unit at the Humboldt Smelter AOI is the Springerville-Cabezon 
complex.  Springerville soils consist of deep, well-drained soils that formed in alluvium from 
tuff, volcanic breccia and basalt.  These soils are found on plateaus and mesas and have slopes of 
0 to 10 percent.  Springerville soils are classified as fine, smectitic, mesic Aridic Haplusterts.  
Cabezon soils are shallow, moderately slowly to slowly permeable soils that formed in eolian 
material over residuum derived from basalt.  Cabezon soils are found on lava plateaus.  Cabezon 
soils are classified clayey, smectitic, mesic Aridic Lithic Argiustolls. 

Additional information regarding regional soils is provided in the NRCS soil resource report that 
is in electronic form in Appendix A-7. 

3. BACKGROUND SOIL FIELD INVESTIGATION 

This section presents a summary of the background soil field investigation activities for the EPA 
RI investigation.   
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3.1 BACKGROUND SURFACE SOIL SAMPLING 

Background refers to substances or locations that are not influenced by the releases from a Site 
and are usually described as naturally occurring or anthropogenic (EPA 2002b). 

• Naturally Occurring – Substances present in the environment in forms that have not been 
influenced by human activity 
 

• Anthropogenic – Natural and human-made substances present in the environment as a 
result of human activities (not specifically related to the CERCLA Site in question). 

Some chemicals may be present in background as a result of both natural and man-made 
conditions (such as naturally occurring arsenic and arsenic from pesticide applications or 
smelting operations).   

Background samples are collected to evaluate the naturally occurring and anthropogenic 
contributions to Site media.  Generally, the type of background substance (natural or 
anthropogenic) does not influence the statistical or technical method used to characterize 
background concentrations.  For comparison purposes soil samples should have the same basic 
characteristics as the site sample (i.e., similar soil depths and soil types).   

3.2 SAMPLE LOCATION SELECTION 

Three off-site surface soil types (i.e., Background Soil Type 1 through 3) were sampled to 
evaluate whether soil concentrations in the vicinity of the Site are consistent with background 
concentrations.  The three background soil areas were chosen because they represented soils that 
encompassed the majority of the Site.  Background Soil Type 1 is Balon gravelly sandy loam, 
Soil Type 2 is Moano gravelly loam, and Soil Type 3 is Springerville-Cabezon complex (see 
Figure B-1).   

The Background Soil Type 1 through 3 locations were selected by a background workgroup that 
consisted of representatives from the EPA, ADEQ, Bureau of Land Management, University of 
Arizona, and EA.  Locations were selected based on the dominant geologic formations and soil 
types of the area.  Other considerations included proximity to the Site, distance from other 
anthropogenic disturbances, as well as accessibility (minor influence). 

It should be noted that two groups of background soil samples were collected during previous 
investigations (i.e., Background H1 and H2).  However, the Background H1 samples were 
collected in a former Iron King Mine storm water migration pathway (see Aerial Photographic 
Analysis of Iron King Mine/Humboldt Smelter Superfund Site [EPA 2008a] in Appendix A-1).  
Similarly, the Background H2 samples were collected downwind of the Iron King Mine.  It is 
likely that the elevated concentrations of metals in these two areas have some anthropogenic 
contributions of metals from Iron King Mine migration pathways and therefore were not 
included in the development of BTVs.  

The background areas evaluation included three surface soil types (i.e., Background Soil Type 1 
through 3) that were sampled during the EPA RI field investigation.  In addition, bedrock 
samples were collected to evaluate the native material at the Site.  The Background Soil Type 1 
through 3 locations were selected by a background workgroup that consisted of representatives 
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from the EPA, ADEQ, Bureau of Land Management, University of Arizona, and EA.  Locations 
were selected based on the dominant geologic formations and soil types of the area.  Other 
considerations included proximity to the Site, distance from other anthropogenic disturbances, as 
well as accessibility (minor influence).  

The Background Soil Type 1 through 3 areas were from the Balon gravelly sandy clay loam 
(BgD), the Moano gravelly loam (MgD), and the Moano very rocky loam (MkF), which 
encompass approximately 70 percent of the surface area in the immediate vicinity of the Site.  
More importantly, the BgD map unit is interpreted as being the dominant soil type at the Iron 
King Mine, Humboldt Smelter, and Off-site Soil AOIs.  Additional information regarding 
regional soils is provided in the background and speciation evaluation report (see Appendix B) 
and NRCS soil resource report that is in electronic form in Appendix A-7. 

3.3 BACKGROUND SAMPLE COLLECTION 

Ten surface soil samples (0 – 2 feet bgs) from each area/soil type were collected.  This depth 
interval was considered appropriate by the background workgroup because it was consistent with 
the surface soil depth intervals used in the RI and the deeper soils (e.g., greater than 2 feet bgs) 
were consistent with those found near the surface.  The background soil samples were analyzed 
for TAL metals analysis.  In addition, the background samples collected from Background Soil 
Type 3 were analyzed for dioxins/furans because of their proximity to the Humboldt Smelter 
AOI. 

3.4 BACKGROUND SOIL DATA SUMMARY 

A summary of the soil background datasets collected during the EPA RI field investigation are 
provided in Tables B-1 through B-3.  In addition, an average of the background datasets is 
presented in Table B-4.  Arsenic and lead mean concentrations are presented below as a basis for 
data comparisons. 

Arsenic  

• Background Soil Type 1 – Maximum = 96 mg/kg / Mean = 48 mg/kg / BTV = 91 mg/kg 
• Background Soil Type 2 – Maximum = 23 mg/kg / Mean = 13 mg/kg / BTV = 26 mg/kg 
• Background Soil Type 3 – Maximum = 19 mg/kg / Mean = 12 mg/kg / BTV = 18 mg/kg 
• Average Background Soil Type 1 through 3 – Maximum = 96 mg/kg / Mean = 22 mg/kg  

Lead  

• Background Soil Type 1 – Maximum = 83 mg/kg / Mean = 44 mg/kg / BTV = 79 mg/kg 
• Background Soil Type 2 – Maximum = 18 mg/kg / Mean = 10 mg/kg / BTV = 19 mg/kg 
• Background Soil Type 3 – Maximum = 23 mg/kg / Mean = 13 mg/kg / BTV = 20 mg/kg 
• Average Background Soil Type 1 through 3 – Maximum = 83 mg/kg / Mean = 21 mg/kg  

As observed above, the arsenic and lead concentrations in Background Soil Type 1 (i.e., from the 
Balon gravelly sandy clay loam [BgD]) are higher than in the other two background soil types 
(i.e., Moano gravelly loam [MgD] and the Moano very rocky loam [MkF]).  However, arsenic 
and lead concentrations in these soil samples are less than those found in native rock in the area.  
This demonstrates that the native material in this area contains minerals (e.g., arsenopyrite) that 
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have elevated concentrations of metals.  The range of arsenic and lead concentrations in rock and 
soil demonstrates that there is a great variability in concentrations in the native material of this 
area.     

Although the Background Soil Type 3 samples were analyzed for dioxins/furans because of their 
proximity to the Humboldt Smelter AOI, only a single congener (i.e., octachlorodibenzodioxin 
OCDD) was detected in the background samples (see Table B-3).  Due to the lack of 
dioxins/furans in background samples, a quantitative comparison of Site concentrations to 
background would have a high degree of uncertainty.  Nevertheless, if a Site sample has a 
detection of more than just the OCDD congener, it can be considered greater than background on 
a qualitative basis.   

4. ANALYTICAL DATA QUALITY INFORMATION 

This section presents a summary of the analytical data quality information for the background 
soil samples collected during the EPA RI investigation.  This information was summarized from 
the Data Evaluation Summary Report (DESR) that was prepared by EA.  The DESR documents 
and summarizes the analytical data collected during the RI/FS field investigation.   

4.1 QUALITY ASSURANCE/QUALITY CONTROL 

The quality assurance/quality control (QA/QC) findings for the analytical data were provided by 
the supporting laboratories.  A complete listing of analyses is presented in the project-specific 
SAP (EA 2008b).  The background soil samples collected during the EPA RI field investigation 
were collected and sent to two types of laboratory facilities:  (1) EPA selected contract 
laboratories, and (2) the EA subcontractor laboratory (TestAmerica Inc. in West Sacramento, 
California).  The following sections present the QA/QC results of the project data by laboratory 
type.       

4.1.1 EPA Contractor Laboratory Data 

According to the requirements of the project-specific SAP (EA 2008b), the responsibility for the 
validation and review of the data from the EPA laboratories was held by the EPA.  Electronic 
deliverables from EPA selected laboratories contained suitable data validation qualifiers and 
accompanying case narratives and/or data validation summaries.  The available data validation 
reports and case narratives were reviewed.  The QC findings were summarized in data validation 
reports. 

A Tier 3 validation was performed on a subset of the data generated by the EPA selected contract 
laboratories.  The selected laboratories were Chemtech Consulting Group, TestAmerica, Inc., 
and DataChem Laboratories, Inc.  The following analyses for soil samples were included in the 
validated data: 

• Metals and cyanide by EPA CLP SOW for Inorganic Analyses, Multi-Media, Multi-
Concentration (ILM05.4)  
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The data did not require additional validation as specified in the project-specific SAP (EA 
2008b).  The laboratory reports contained narratives with general information regarding data 
quality.  The laboratory rejected no data, so the data were usable as reported.   

4.1.2 EA Contracted Laboratory Data 

According to the requirements of the project-specific SAP (EA 2008b), the responsibility for the 
validation and review of the data from the EA contracted laboratory was EA.  Therefore, EA 
chemists validated data from the EA subcontractor laboratories in accordance with the EPA 
guidance Contract Laboratory Program (CLP) National Functional Guidelines.  In addition to the 
EPA validation guidance documents, acceptance criteria presented in the SAP and analytical 
methods was used for the validation.   

The validation of project data was performed in accordance with the USEPA National Functional 
Guidelines for Dibenzo-p-Dioxins and Chlorinated Dibenzofurans Data Review (EPA 2005) 
with respect to QA/QC parameters, as specified in the following documents: 

• Sampling and Analysis Plan (EA 2008b) 

• Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (EPA 1998) 

The deliverables included appropriate data qualifiers and accompanying data summaries.  The 
following analyses were included in the validated data: 

• Dioxins and furans by EPA SW-846 Method 8290 for soil samples  

The data validation findings evaluated the following.  

• Holding Times and Preservation 

• Instrument Calibration and Calibration Checks 

• Blanks 

• Matrix Spike and Matrix Spike Duplicate Sample Results 

• EPA SW-846 Method 6010B Quality Control Results 

• Mass Spectrometer Resolution 

• Window Defining Mixture and Chromatographic Resolution 

• Compound Identification Criteria 

• Labeled Compound Recoveries  

• Laboratory Control Samples 

• Sample Verification 

• Field Duplicates  

The laboratory reports contained narratives with general information regarding data quality.  The 
laboratory rejected no data, so the data were usable as reported.   
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4.2 DATA EVALUATION PARAMETERS 

The data were evaluated for acceptable quality and quantity based on the critical indicator 
parameters, represented by precision, accuracy, completeness, comparability, representativeness, 
and sensitivity (PARCCS).  To the extent possible, EA followed EPA’s data quality assessment 
(DQA) process (EPA 2006a; 2006b).  This evaluation helps determine whether limitations 
should be placed on the data and to verify that the type, quality, and quantity of data that are 
collected are appropriate for their intended use.  The PARCCS parameters were reviewed for the 
laboratory analytical data results and are discussed in the following sections. 

A well-defined QA/QC process is integral to the generation of analytical data of known and 
documented quality.  The QC process includes those activities required during data collection to 
produce data of sufficient quality to support the decisions that will be made based on the data 
(e.g., decisions to be made prior to, during, and after Site remedial actions).  After environmental 
data are collected, QA activities focus on evaluating the quality of the data in order to determine 
the data usability with respect to support for remedial or enforcement decisions.   

The available data validation reports and case narratives were reviewed.  The QC findings were 
summarized in data validation reports.  Based on this evaluation, the background soil data 
collected during the EPA RI field investigation were considered suitable to support for remedial 
or enforcement decisions. 

5. BACKGROUND THRESHOLD VALUES 

This section presents the calculation of BTVs for each of the background soil metals.  The BTVs 
were calculated as the 95% Upper Prediction Limit (UPL) for a single independent observation.  
For a given metal, the BTV represents a threshold value that indicates the sample dataset is not 
consistent with background.  In other words, exceedance of the BTV indicates that the soil was 
considered significantly greater than background soil.   
 
The Sampling and Analysis Plan (EA 2008b) recommends that statistical approaches be 
consistent with EPA guidance, including ProUCL 4.0 User Guide (Singh, Singh, and Maichle 
2007).  This guidance recommends that a minimum of 8 to 10 samples are necessary for 
confident statistical evaluations.   

Three off-site surface soil types (i.e., Background Areas 1 through 3) contained a sufficient 
number of samples for this evaluation.  Ten surface soil samples (0 – 2 feet bgs) from three 
different areas/soil types were collected as presented in Tables B-1 through B-4. 

5.1 METHODOLOGY FOR COMPUTING 95% UPLS AS BTVS 

The 95% upper prediction limit UPL for an independently obtained observation was computed 
for background metals in each of the three background data sets.  The UPL represents an upper 
limit to be used for point-by-point individual site observation comparisons.  A site observation 
for a metal exceeding a background UPL leads to the conclusion that the metal is significantly 
greater than background.  The UPLs were computed using EPA's ProUCL software (version 
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4.00.02).  ProUCL computes UPLs for sample data that are distributed normally, lognormally, 
and nonparametric.  The flowchart presented in Figure B-2 was used to determine which UPL 
was most appropriate for a given background data distribution.  For data containing nondetect 
observations, the Kaplan-Meier UPL was used. 

5.2 SUMMARY OF BTVS 

The detailed ProUCL output is presented in Attachment A.  The resulting BTVs are summarized 
in Table B-5. 

6. BACKGROUND GEOCHEMICAL EVALUATIONS OF ARSENIC AND LEAD 

This section describes the geochemical evaluations of the background data.  The purpose of the 
geochemical evaluations is to develop a simple tool using known geochemical mechanisms for 
determining if the ranges of arsenic and lead concentrations in the AOIs are consistent with 
background soils.  This was accomplished by investigating the ratios of background arsenic and 
lead to metals in the dominant soil-forming minerals.  These ratios are presented as regression 
plots with 95% prediction bands that delineate the expected natural variability of mineral groups 
in background soils.  Soil data from an AOI can be readily compared to background by 
comparing the appropriate arsenic and lead ratio to the background geochemical regression 
curve.  Unimpacted soil samples will exhibit elemental ratios that are consistent with the 
background regression plots, whereas contaminated samples are identified by anomalously high 
elemental ratios that fall outside of the 95% prediction interval.  Therefore, the geochemical 
evaluations can be used to distinguish between Site impacts, and naturally high background 
concentrations.  Geochemical evaluations can also be used to identify the geochemical 
mechanisms that govern metal concentrations. 

6.1 CORRELATION COEFFICIENTS 

The first step in geochemical evaluations was to determine patterns of association between 
arsenic and lead to metals in the major soil-forming minerals.  This was accomplished by 
computing Pearson product-moment correlation coefficients between metals in the background 
data sets.  The correlation coefficient matrices are presented in Tables B-6 through B-8 for 
Background Areas 1 through 3, respectively.  Highly significant correlations (p < 0.05) are 
indicated in bold.  

6.2 CLUSTER ANALYSIS 

In order to indentify associations of metals as candidates for the geochemical regression plots, a 
cluster analysis was performed on the correlation coefficients presented in Section 4.1.  The 
cluster analysis provided a visual representation of metals that are highly correlated.  The cluster 
analysis groups metals with the highest correlation together.  Then the metals with the next 
highest correlation are added to each group, etc. until all metals end up together in one large 
group.  The cluster is interpreted by observing the grouping history or pattern produced as the 
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procedure was carried out.  If the analysis is successful, distinct groups or clusters will stand out.  
These clusters were then examined for underlying geochemical mechanisms. 

• The results of the cluster analysis for Background Area 1 are presented in Figure B-3.  In 
this data group, both lead and arsenic are highly associated with mercury (r = 0.90 and      
r = 0.92, respectively). 

• The results of the cluster analysis for Background Area 2 are presented in Figure B-4.  In 
this data group, lead is highly associated with chromium (r = 0.93).  Arsenic is also 
associated with chromium, although the correlation is not as strong (r = 0.79). 

• The results of the cluster analysis for Background Area 3 are presented in Figure B-5.  In 
this data group, there is an inverse association between arsenic and mercury that probably 
indicates a mix of different soil types.  There is a direct association between lead and 
copper (r = 0.77). 

6.3 REGRESSION PLOTS FOR LEAD AND ARSENIC 

Regression plots for the background arsenic and lead associations presented in Section 4.2 were 
developed as a simple tool for evaluating AOI soils data in a geochemical context.  Geochemical 
regression plots for Background Areas 1 through 3 are presented in Figures B-6 through B-11.   

7. GEOCHEMICAL SPECIATION OF LEAD AND ARSENIC 

Lead/arsenic speciation was utilized to determine if the material at the Humboldt Smelter and 
Off-Site Soil areas are consistent with the material at the Iron King Mine.  Also, the potential 
contribution of anthropogenic sources of arsenic (e.g., in residential yards) were evaluated using 
lead/arsenic speciation analysis in Off-site Soil areas.  

 Twenty-one samples were collected for arsenic and lead speciation analyses.  The samples were 
analyzed for Target Analyte Metals (TAL), the results of which are shown in Table B-9.  These 
same samples were submitted to the EPA Office of Research and Development (ORD) for 
speciation analyses (Attachment B).   The ORD performed X-ray Absorption Spectroscopy 
(XAS) on the samples for the speciation of both arsenic and lead.  In some cases there were 
insufficient XAS signals to characterize speciation; for example, arsenic speciation results were 
reported for all samples with the exception of SD-BKG-CG-1, SD-BKG-GG-1 and OFS-106-2 
(Table B-10).   Lead speciation proved more difficult than arsenic speciation, and it was not 
possible to evaluate lead in nine of the 21 samples (Table B-10). 

The goal of the speciation exercise was to determine if the material at the Humboldt Smelter, 
Iron King Mine, and Off-site Soil AOIs were similar. 

7.1 SPECIATION BASICS 

Details regarding arsenic and lead speciation are summarized below. 
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7.1.1 Arsenic 

The chemistry of arsenic in the environment is complicated because of the various valence states 
it can assume (As-3, As0, As+3, and As+5).  However, under most common environmental 
conditions, the oxidized arsenate form (As+5) and reduced arsenite form (As+3) predominate.  
Arsenate and arsenite were the only arsenic species observed in the samples analyzed at this Site.  
Arsenate (As+5) forms strong bonds with iron oxide and is very stable with resultant less toxicity 
compared to arsenite (As+3) (Jain and Ali 2000).  Alternatively the common arsenite (As+3) 
species, particularly in the area of the Iron King Mine, is arsenopyrite, in which the As+3 ion is 
bonded to sulfur.   

The XAS analytical method used by ORD monitors the absorption energy required to stretch 
specific bonds.  For example:  

• The arsenate As+5—O bond is found in sorbed arsenate iron oxide  
• The arsenite As+3 —S bond is found in arsenopyrite.   

Absorption spectra are shown in Figure B-12 which shows absorption of the As+3 —S bond at 
approximately 11868 eV and the As+5—O bond at approximately 11876 eV.  This difference in 
absorption energy allows for the determination of the arsenic species in the sample. 

7.1.2 Lead 

Unlike arsenic, lead exists only in the +2 valence state; consequently the XAS interpretation for 
this element is more difficult.  Rather than looking at different absorption energies it becomes 
necessary to examine the absorption across a spectrum to examine the absorption of the various 
bonds in the lead molecule.  Standards of the following minerals were used for the lead 
speciation exercise in the Iron King Mine/Humboldt Smelter samples: 

Mineral Name   Chemical Formula 

Galea      PbS 
Cerussite      PbCO3 
Hydrocerussite   Pb3(CO3)2(OH)2 
Anglesite      PbSO4 
Leadhillite     Pb4(SO4)(CO3)2(OH)2 
Sorbed Pb     Pb adsorbed to ferrihydrite 
Magnetoplumbite   Pb1.1Fe3+

7.7Mn3+
2.6Mn2+

0.6Ti0.6Al0.4Ca0.1O19 
Plumboferrite    Pb2Mn2+

0.2Mg0.1Fe3+
10.6O18.4 

Plumbogummite   PbAl3(PO4)2(OH)5·(H2O) 
Plumbojarosite    PbFe3+

6(SO4)4(OH)12 

A statistical analysis of the absorption spectra was performed by ORD to determine the fraction 
of the various lead-containing minerals for this analysis.   

7.2 RESULTS 

The results of the ORD speciation experiments are shown in Table B-11, and summarized below. 
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7.2.1 Arsenic 

With the exception of the Iron King Mine tailings samples, samples were found to contain only 
arsenic in the oxidized As+5 ferrihydrite form (Table B-11).  Consequently the arsenic speciation 
results do not allow for source attribution for the remaining samples because they are similar.  
Alternatively samples from the Iron King Mine tailings had both As+5 and As+3 at a variety of 
proportions: 

Sample Percent As+5 Ferrihydrite Percent As+3 Arsenopyrite 

IKJ-525-0-2 72 28 

IKJ-525-4-7 17 83 

IKJ-525-35-38 10 90 

The finding of reduced arsenic in mine tailings with depth is not unusual (Foster et. al. 1998).  At 
the surface, where oxygen is readily available in an oxic environment, arsenic in the oxidized 
arsenate (As+5) state commonly dominates (Fox and Doner 2002).  However, with an increase in 
depth, tailings become saturated and oxygen is readily depleted.  In this reducing environment 
arsenite (As+3) is the dominant oxidation state.  

7.2.2 Lead 

Two lead species (ledhillite and plumbogummite) were not found in any of the samples (Table 
B-11).  Although there was some similarities in the data (e.g., OFS-101-1 and HSJ-504-0-2), no 
definitive correlations could be made amongst the various samples.  In the samples, angelesite 
was found to represent a relatively large fraction of lead species, along with galea, 
hydrocerussite, sorbed lead, magnetoplumbite, plumboferrite, and plumbojarosite.   

As was found with arsenic, Iron King Mine tailing samples did show differences compared to all 
of the other speciation samples.  Angelesite, which was found to represent a large fraction of 
non-tailing pile samples, was absent from the tailing samples.  In addition magnetoplumbite was 
only found in the Iron King Mine tailing samples. 

7.3 CONCLUSIONS 

Lead/arsenic speciation was utilized to determine if the material at the Humboldt Smelter and 
Off-Site Soil areas are consistent with the material at the Iron King Mine.  Also, the potential 
contribution of anthropogenic sources of arsenic (e.g., in residential yards) were evaluated using 
lead/arsenic speciation analysis in Off-Site Soil areas.  

Based on the differences between the Iron King Mine tailings samples and all other samples for 
both arsenic and lead speciation, it can be stated that the material at the Humboldt Smelter, Off-
site Soil, Chaparral Gulch, and Background areas are dissimilar to the Iron King Mine tailings.  
However, no definitive correlations could be made amongst the remaining samples (i.e., samples 
not collected from the Iron King Mine tailings).  Finally, the lead/arsenic speciation analyses did 
not help identify potential anthropogenic sources of arsenic or lead because of the similarity 
amongst the various samples that were not collected from the Iron King Mine tailings. 
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
14797-55-8 NITRATE AS N 7.20E-01 J 7.20E-01 J mg/kg BKG-102 1 / 2 1.1 - 1.1 7.20E-01 1.30E+05 --
PH PH 6.00E+00 6.20E+00 pH Units BKG-101 2 / 2 - 6.10E+00
14808-79-8 SULFATE 2.20E+01 3.00E+01 mg/kg BKG-102 2 / 2 - 2.60E+01 --

METALS
7429-90-5 ALUMINUM 1.00E+04 1.40E+04 mg/kg BKG-110 10 / 10 - 1.18E+04 7.70E+04 7.60E+04
7440-38-2 ARSENIC 2.38E+01 9.57E+01 mg/kg BKG-105 10 / 10 - 4.77E+01 3.90E-01 2.45E+02 1.00E+01 9.57E+00
7440-39-3 BARIUM 1.17E+02 2.39E+02 mg/kg BKG-110 10 / 10 - 1.66E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 5.80E-01 7.70E-01 mg/kg BKG-109 6 / 10 0.49 - 0.55 6.75E-01 1.60E+02 1.50E+02
7440-70-2 CALCIUM 2.57E+03 4.73E+03 mg/kg BKG-102 10 / 10 - 3.73E+03 --
7440-47-3 CHROMIUM 1.15E+01 3.21E+01 mg/kg BKG-110 10 / 10 - 1.70E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.11E+01 1.83E+01 mg/kg BKG-102 10 / 10 - 1.36E+01 2.30E+01 9.00E+02
7440-50-8 COPPER 2.40E+01 4.84E+01 mg/kg BKG-102 10 / 10 - 3.36E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.23E+04 3.17E+04 mg/kg BKG-102 10 / 10 - 2.65E+04 5.50E+04 --
7439-92-1 LEAD 2.26E+01 8.28E+01 mg/kg BKG-105 10 / 10 - 4.42E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 4.11E+03 6.56E+03 mg/kg BKG-110 10 / 10 - 5.04E+03 --
7439-96-5 MANGANESE 5.01E+02 9.04E+02 mg/kg BKG-102 10 / 10 - 6.49E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 6.90E-02 J 3.70E-01 mg/kg BKG-105 10 / 10 - 1.44E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.01E+01 1.63E+01 mg/kg BKG-110 10 / 10 - 1.28E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.14E+03 2.82E+03 mg/kg BKG-106 10 / 10 - 1.82E+03 --
7782-49-2 SELENIUM 4.60E-01 J 1.20E+00 J mg/kg BKG-108 10 / 10 - 8.12E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.60E-01 J 1.30E+00 mg/kg BKG-106 6 / 10 0.99 - 1.2 1.06E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 3.66E+01 J 6.72E+01 J mg/kg BKG-110 10 / 10 - 4.74E+01 --
7440-28-0 THALLIUM 1.80E+00 J 2.50E+00 J mg/kg BKG-102 10 / 10 - 2.12E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 4.03E+01 6.44E+01 mg/kg BKG-110 10 / 10 - 5.30E+01 3.90E+02 7.80E+01
7440-66-6 ZINC 9.46E+01 2.43E+02 mg/kg BKG-105 10 / 10 - 1.57E+02 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE B-1
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SOIL TYPE 1
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
PH PH 7.70E+00 8.10E+00 pH Units BKG-201 2 / 2 - 7.90E+00
14808-79-8 SULFATE 3.00E+00 J 7.80E+00 mg/kg BKG-201 2 / 2 - 5.40E+00 --

METALS
7429-90-5 ALUMINUM 8.33E+03 2.97E+04 mg/kg BKG-207 10 / 10 - 1.94E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 2.20E+00 J 2.20E+00 J mg/kg BKG-203 1 / 10 6.2 - 8.8 2.20E+00 3.10E+01 --
7440-38-2 ARSENIC 1.60E+00 J 2.27E+01 mg/kg BKG-203 10 / 10 - 1.29E+01 3.90E-01 5.82E+01 1.00E+01 2.27E+00
7440-39-3 BARIUM 1.06E+02 5.35E+02 mg/kg BKG-204 10 / 10 - 1.98E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 9.60E-01 mg/kg BKG-207 8 / 10 0.41 - 0.55 5.65E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 4.60E-01 J 4.60E-01 J mg/kg BKG-203 1 / 10 0.51 - 0.74 4.60E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 3.34E+03 1.06E+04 mg/kg BKG-207 10 / 10 - 6.82E+03 --
7440-47-3 CHROMIUM 4.40E+00 J 2.62E+01 mg/kg BKG-210 10 / 10 - 1.58E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.00E+00 3.99E+01 mg/kg BKG-204 10 / 10 - 2.49E+01 2.30E+01 1.73E+00 9.00E+02
7440-50-8 COPPER 1.29E+01 4.24E+02 J mg/kg BKG-210 10 / 10 - 9.46E+01 3.10E+03 3.10E+03
7439-89-6 IRON 2.13E+04 8.67E+04 mg/kg BKG-207 10 / 10 - 5.20E+04 5.50E+04 1.58E+00 --
7439-92-1 LEAD 3.10E+00 1.83E+01 mg/kg BKG-210 10 / 10 - 1.03E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.13E+03 1.35E+04 mg/kg BKG-207 10 / 10 - 8.58E+03 --
7439-96-5 MANGANESE 4.97E+02 2.54E+03 mg/kg BKG-204 10 / 10 - 1.19E+03 1.80E+03 1.41E+00 3.30E+03
7439-97-6 MERCURY 2.00E-02 J 5.10E-02 J mg/kg BKG-203 2 / 10 0.034 - 0.15 3.55E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.40E+00 J 2.52E+01 mg/kg BKG-210 10 / 10 - 1.61E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.78E+02 J 1.16E+03 mg/kg BKG-209 10 / 10 - 5.66E+02 --
7782-49-2 SELENIUM 2.70E-01 J 1.60E+00 J mg/kg BKG-203 9 / 10 3.8 - 3.8 7.41E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.50E+00 2.60E+00 mg/kg BKG-207 6 / 10 0.72 - 1.1 1.97E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.98E+01 J 1.29E+02 J mg/kg BKG-209 10 / 10 - 8.18E+01 --
7440-28-0 THALLIUM 1.20E+00 J 5.90E+00 mg/kg BKG-207 9 / 10 2.1 - 2.1 3.31E+00 5.10E+00 1.16E+00 5.20E+00 1.13E+00
7440-62-2 VANADIUM 3.10E+01 2.34E+02 mg/kg BKG-207 10 / 10 - 1.28E+02 3.90E+02 7.80E+01 3.00E+00
7440-66-6 ZINC 4.88E+01 1.26E+02 mg/kg BKG-207 10 / 10 - 8.99E+01 2.30E+04 2.30E+04

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE B-2
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SOIL TYPE 2
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
PH PH 7.90E+00 8.10E+00 pH Units BKG-302 2 / 2 - 8.00E+00
14808-79-8 SULFATE 2.90E+01 2.90E+01 mg/kg BKG-302 2 / 3 5.7 - 5.7 2.90E+01 --

METALS
7429-90-5 ALUMINUM 2.14E+04 4.82E+04 mg/kg BKG-301 10 / 10 - 3.39E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 1.50E+00 J mg/kg BKG-311 1 / 5 1.5 - 8.1 1.30E+00 3.10E+01 --
7440-38-2 ARSENIC 7.10E+00 J 1.97E+01 mg/kg BKG-311 10 / 10 - 1.23E+01 3.90E-01 5.05E+01 1.00E+01 1.97E+00
7440-39-3 BARIUM 3.73E+02 J 2.02E+03 J mg/kg BKG-310 10 / 10 - 7.67E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 6.20E-01 1.30E+00 mg/kg BKG-304 10 / 10 0.32 - 0.43 9.03E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E-01 J 3.50E-01 J mg/kg BKG-311 2 / 10 0.49 - 0.68 2.42E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 9.38E+03 2.63E+04 mg/kg BKG-301 10 / 10 - 1.59E+04 --
7440-47-3 CHROMIUM 1.64E+01 1.34E+02 mg/kg BKG-311 10 / 10 - 6.10E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 1.77E+01 4.21E+01 mg/kg BKG-301 10 / 10 - 2.97E+01 2.30E+01 1.83E+00 9.00E+02
7440-50-8 COPPER 3.95E+01 1.42E+02 mg/kg BKG-311 10 / 10 - 8.63E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.69E+04 4.22E+04 mg/kg BKG-301 10 / 10 - 3.13E+04 5.50E+04 --
7439-92-1 LEAD 6.50E+00 2.29E+01 J mg/kg BKG-311 10 / 10 - 1.34E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 1.24E+04 4.62E+04 mg/kg BKG-301 10 / 10 - 2.44E+04 --
7439-96-5 MANGANESE 4.93E+02 J 1.07E+03 mg/kg BKG-301 10 / 10 - 7.95E+02 1.80E+03 3.30E+03
7439-97-6 MERCURY 1.70E-02 J 9.80E-02 mg/kg BKG-311 4 / 10 0.096 - 0.14 4.28E-02 6.70E+00 2.30E+01
7440-02-0 NICKEL 1.18E+02 2.66E+02 J mg/kg BKG-301 10 / 10 - 1.87E+02 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 7.31E+02 2.86E+03 mg/kg BKG-311 10 / 10 - 1.41E+03 --
7782-49-2 SELENIUM 3.20E-01 J 1.40E+00 J mg/kg BKG-306 9 / 10 3.4 - 3.8 6.75E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 1.10E+00 2.30E+00 mg/kg BKG-301 10 / 12 0.97 - 1.1 1.52E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.75E+02 J 5.99E+03 mg/kg BKG-301 10 / 10 - 2.01E+03 --
7440-28-0 THALLIUM 1.10E+00 J 4.30E+00 mg/kg BKG-311 9 / 10 1.2 - 2.8 2.22E+00 5.10E+00 5.20E+00
7440-62-2 VANADIUM 2.81E+01 9.85E+01 mg/kg BKG-311 10 / 10 - 6.24E+01 3.90E+02 7.80E+01 1.26E+00
7440-66-6 ZINC 3.93E+01 9.65E+01 mg/kg BKG-311 10 / 10 - 6.78E+01 2.30E+04 2.30E+04

3268-87-9 OCDD 5.30E+00 1.30E+01 pg/g BKG-305 6 / 10 2 - 4.7 7.96E+00 1.50E-02 8.67E+02 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE B-3
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

BACKGROUND SOIL TYPE 3

DIOXINS
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CAS Number Chemical
Minimum 
Detected 

Concentration

Minimum 
Detected 
Qualifier

Maximum 
Detected 

Concentration

Maximum 
Detected 
Qualifier

Units

Location of 
Maximum 
Detected 

Concentraion

Detection 
Frequency

Range of Detection 
Limits

Average Detected 
Concentration

EPA Residential 
Regional Screening 

Level 

EPA Residential 
Soil Exceed

Arizona Residential 
SRL

Arizona Residential 
Soil Exceed

INORGANICS
NITRATE NITRATE AS N 7.20E-01 J 7.20E-01 J mg/kg BKG-102 1 / 6 1 - 1.1 7.20E-01 1.30E+05 --
PH PH 6.00E+00 8.10E+00 pH Units BKG-302 6 / 6  - 7.33E+00
14808-79-8 SULFATE 3.00E+00 J 3.00E+01 mg/kg BKG-102 6 / 7 5.7 - 5.7 2.01E+01 --

METALS
7429-90-5 ALUMINUM 8.33E+03 4.82E+04 mg/kg BKG-301 30 / 30  - 2.43E+04 7.70E+04 7.60E+04
7440-36-0 ANTIMONY 1.10E+00 J 2.20E+00 J mg/kg BKG-203 2 / 25 1.5 - 8.8 1.48E+00 3.10E+01 --
7440-38-2 ARSENIC 1.60E+00 J 9.57E+01 mg/kg BKG-105 30 / 30  - 2.18E+01 3.90E-01 2.45E+02 1.00E+01 9.57E+00
7440-39-3 BARIUM 1.06E+02 2.02E+03 J mg/kg BKG-310 30 / 30  - 4.59E+02 1.50E+04 1.50E+04
7440-41-7 BERYLLIUM 2.50E-01 J 1.30E+00 mg/kg BKG-304 30 / 30 0.32 - 0.55 7.67E-01 1.60E+02 1.50E+02
7440-43-9 CADMIUM 1.30E-01 J 4.60E-01 J mg/kg BKG-203 3 / 30 0.081 - 0.74 2.78E-01 7.00E+01 3.90E+01
7440-70-2 CALCIUM 2.57E+03 2.63E+04 mg/kg BKG-301 30 / 30  - 1.03E+04 --
7440-47-3 CHROMIUM 4.40E+00 J 1.34E+02 mg/kg BKG-311 30 / 30  - 3.75E+01 2.80E+02 1.20E+05
7440-48-4 COBALT 8.00E+00 4.21E+01 mg/kg BKG-301 30 / 30  - 2.42E+01 2.30E+01 1.83E+00 9.00E+02
7440-50-8 COPPER 1.29E+01 4.24E+02 J mg/kg BKG-210 30 / 30  - 7.46E+01 3.10E+03 3.10E+03
7439-89-6 IRON 1.69E+04 8.67E+04 mg/kg BKG-207 30 / 30  - 3.55E+04 5.50E+04 1.58E+00 --
7439-92-1 LEAD 3.10E+00 8.28E+01 mg/kg BKG-105 30 / 30  - 2.07E+01 4.00E+02 4.00E+02
7439-95-4 MAGNESIUM 3.13E+03 4.62E+04 mg/kg BKG-301 30 / 30  - 1.52E+04 --
7439-96-5 MANGANESE 4.93E+02 J 2.54E+03 mg/kg BKG-204 30 / 30  - 8.62E+02 1.80E+03 1.41E+00 3.30E+03
7439-97-6 MERCURY 1.70E-02 J 3.70E-01 mg/kg BKG-105 16 / 30 0.034 - 0.15 1.01E-01 6.70E+00 2.30E+01
7440-02-0 NICKEL 4.40E+00 J 2.66E+02 J mg/kg BKG-301 30 / 30  - 9.60E+01 1.60E+03 1.60E+03
7440-09-7 POTASSIUM 1.78E+02 J 2.86E+03 mg/kg BKG-311 30 / 30  - 1.30E+03 --
7782-49-2 SELENIUM 2.70E-01 J 1.60E+00 J mg/kg BKG-203 28 / 30 3.4 - 3.8 7.33E-01 3.90E+02 3.90E+02
7440-22-4 SILVER 8.60E-01 J 2.60E+00 mg/kg BKG-207 22 / 30 0.72 - 1.2 1.52E+00 3.90E+02 3.90E+02
7440-23-5 SODIUM 2.98E+01 J 5.99E+03 mg/kg BKG-301 30 / 30  - 9.85E+02 --
7440-28-0 THALLIUM 1.10E+00 J 5.90E+00 mg/kg BKG-207 28 / 30 1.2 - 2.8 2.47E+00 5.10E+00 1.16E+00 5.20E+00 1.13E+00
7440-62-2 VANADIUM 2.81E+01 2.34E+02 mg/kg BKG-207 30 / 30  - 7.70E+01 3.90E+02 7.80E+01 3.00E+00
7440-66-6 ZINC 3.93E+01 2.43E+02 mg/kg BKG-105 30 / 30  - 9.72E+01 2.30E+04 2.30E+04

3268-87-9 OCDD 5.30E+00 1.30E+01 pg/g BKG-305 6 / 10 2 - 4.7 7.96E+00 1.50E-02 8.67E+02 --

Notes:
ADEQ = Arizona Department of Environmental Quality.
EPA = Environmental Protection Agency.
J = The analyte was positively identified; the quantitation is estimated.
mg/kg = Milligrams per kilogram.
SRL = Soil remediation level.
The EPA Industrial Regional Screening Level is 1.6 mg/kg for arsenic and 800 mg/kg for lead.
The ADEQ Non-Residential Soil Remediation Level is 10 mg/kg for arsenic and 2,000 mg/kg for lead.

TABLE B-4
OCCURRENCE AND DISTRIBUTION OF CHEMICALS IN SURFACE SOIL AND SEDIMENT (0 TO 2 FEET BELOW GROUND SURFACE)

AVERAGE OF BACKGROUND SOIL TYPES 1-3

DIOXINS



TABLE B-5
BACKGROUND THRESHOLD VALUES

Page 1 of 2

Background Data Group Metal BTV (mg/kg) Distribution

Aluminum 14,715 Normal
Antimony 7.3 Nonparametric
Arsenic 91 Normal
Barium 237 Normal

Beryllium -- --
Cadmium -- --
Calcium 5,006 Normal

Chromium 29 Normal
Cobalt 18 Normal
Copper 48 Normal

Iron 33,611 Normal
Lead 79 Normal

Magnesium 6,595 Normal
Manganese 883 Normal

Mercury 0.32 Normal
Nickel 17 Normal

Potassium 3,030 Normal
Selenium 1.3 Normal

Silver -- --
Sodium 64 Normal

Thallium 2.5 Normal
Vanadium 69 Normal

Zinc 262 Normal
Aluminum 33,284 Normal
Antimony -- --
Arsenic 26 Normal
Barium 436 Normal

Beryllium -- --
Cadmium -- --
Calcium 11,529 Normal

Chromium 31 Normal
Cobalt 48 Normal
Copper 324 Normal

Iron 94,120 Normal
Lead 19 Normal

Magnesium 15,171 Normal
Manganese 2,351 Normal

Mercury -- --
Nickel 31 Normal

Potassium 1,076 Normal
Selenium -- --

Silver -- --
Sodium 140 Normal

Thallium -- --
Vanadium 266 Normal

Zinc 142 Normal

Background Area 2

Background Area 1



TABLE B-5
BACKGROUND THRESHOLD VALUES

Page 2 of 2

Background Data Group Metal BTV (mg/kg) Distribution

  

Aluminum 46,346 Normal
Antimony -- --
Arsenic 18 Normal
Barium 1,767 Normal

Beryllium 1.4 Normal
Cadmium -- --
Calcium 26,073 Normal

Chromium 74 Normal
Cobalt 41 Normal
Copper 118 Normal

Iron 39,931 Normal
Lead 20 Lognormal

Magnesium -- --
Manganese 1,072 Normal

Mercury -- --
Nickel 255 Normal

Potassium 1,338 Normal
Selenium -- --

Silver 2.3 Nonparametric
Sodium 5,990 Nonparametric

Thallium -- --
Vanadium 75 Normal

Zinc 84 Normal

Notes:

-- = Due to a low number of detections, the calculations may not be reliable enough to draw conclusions.

BTV = Background threshold value

mg/kg = Milligrams per kilogram.

Background Area 3



TABLE B-6
BACKGROUND AREA 1 PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT MATRIX

Page 1 of 1

Variable Al Sb As Ba Be Cd Ca Ch Co Cu Fe Pb Mg Mn Hg Ni K Se Ag Na Tl V Zn
Aluminum Al 1.00 0.48 0.01 0.91 0.95 0.20 0.43 0.57 0.73 0.37 0.89 0.06 0.85 0.63 0.02 0.81 0.07 0.06 0.32 0.56 0.47 0.87 0.10
Antimony Sb 0.48 1.00 0.01 0.22 0.31 0.11 0.69 -0.23 0.77 0.67 0.53 0.12 0.54 0.72 0.04 0.15 0.44 -0.26 0.35 0.25 0.68 0.56 0.35
Arsenic As 0.01 0.01 1.00 -0.05 0.08 -0.04 -0.11 -0.34 0.39 0.52 0.36 0.97 -0.16 0.42 0.90 -0.18 0.68 0.68 0.71 -0.41 0.41 0.22 0.86
Barium Ba 0.91 0.22 -0.05 1.00 0.95 0.37 0.46 0.71 0.58 0.16 0.79 -0.06 0.76 0.49 -0.05 0.90 -0.03 -0.11 0.31 0.55 0.39 0.87 -0.04

Beryllium Be 0.95 0.31 0.08 0.95 1.00 0.29 0.39 0.55 0.64 0.29 0.84 0.10 0.70 0.59 0.05 0.81 0.07 0.09 0.42 0.39 0.46 0.85 0.09
Cadmium Cd 0.20 0.11 -0.04 0.37 0.29 1.00 0.28 0.06 0.13 -0.10 0.29 -0.09 0.00 0.10 0.18 0.09 -0.11 -0.49 0.19 0.20 0.23 0.40 -0.22
Calcium Ca 0.43 0.69 -0.11 0.46 0.39 0.28 1.00 -0.05 0.64 0.37 0.49 -0.13 0.50 0.64 -0.23 0.32 0.49 -0.54 0.55 0.19 0.71 0.68 0.22

Chromium Ch 0.57 -0.23 -0.34 0.71 0.55 0.06 -0.05 1.00 0.04 -0.35 0.37 -0.36 0.67 -0.09 -0.28 0.79 -0.57 -0.04 -0.34 0.79 -0.19 0.36 -0.46
Cobalt Co 0.73 0.77 0.39 0.58 0.64 0.13 0.64 0.04 1.00 0.83 0.85 0.46 0.66 0.96 0.37 0.44 0.64 0.03 0.67 0.25 0.86 0.88 0.63
Copper Cu 0.37 0.67 0.52 0.16 0.29 -0.10 0.37 -0.35 0.83 1.00 0.49 0.64 0.26 0.83 0.52 0.11 0.79 0.19 0.63 -0.18 0.68 0.54 0.81

Iron Fe 0.89 0.53 0.36 0.79 0.84 0.29 0.49 0.37 0.85 0.49 1.00 0.35 0.76 0.79 0.33 0.58 0.35 0.18 0.57 0.46 0.70 0.91 0.39
Lead Pb 0.06 0.12 0.97 -0.06 0.10 -0.09 -0.13 -0.36 0.46 0.64 0.35 1.00 -0.13 0.47 0.92 -0.14 0.68 0.68 0.66 -0.40 0.42 0.24 0.89

Magnesium Mg 0.85 0.54 -0.16 0.76 0.70 0.00 0.50 0.67 0.66 0.26 0.76 -0.13 1.00 0.51 -0.15 0.78 -0.01 -0.10 0.07 0.81 0.39 0.75 0.02
Manganese Mn 0.63 0.72 0.42 0.49 0.59 0.10 0.64 -0.09 0.96 0.83 0.79 0.47 0.51 1.00 0.32 0.29 0.71 0.05 0.75 0.07 0.94 0.80 0.66

Mercury Hg 0.02 0.04 0.90 -0.05 0.05 0.18 -0.23 -0.28 0.37 0.52 0.33 0.92 -0.15 0.32 1.00 -0.15 0.51 0.54 0.50 -0.25 0.28 0.23 0.73
Nickel Ni 0.81 0.15 -0.18 0.90 0.81 0.09 0.32 0.79 0.44 0.11 0.58 -0.14 0.78 0.29 -0.15 1.00 -0.15 -0.09 0.08 0.58 0.12 0.70 -0.10

Potassium K 0.07 0.44 0.68 -0.03 0.07 -0.11 0.49 -0.57 0.64 0.79 0.35 0.68 -0.01 0.71 0.51 -0.15 1.00 0.23 0.86 -0.47 0.69 0.39 0.92
Selenium Se 0.06 -0.26 0.68 -0.11 0.09 -0.49 -0.54 -0.04 0.03 0.19 0.18 0.68 -0.10 0.05 0.54 -0.09 0.23 1.00 0.22 -0.30 -0.09 -0.12 0.50

Silver Ag 0.32 0.35 0.71 0.31 0.42 0.19 0.55 -0.34 0.67 0.63 0.57 0.66 0.07 0.75 0.50 0.08 0.86 0.22 1.00 -0.39 0.77 0.61 0.79
Sodium Na 0.56 0.25 -0.41 0.55 0.39 0.20 0.19 0.79 0.25 -0.18 0.46 -0.40 0.81 0.07 -0.25 0.58 -0.47 -0.30 -0.39 1.00 0.04 0.42 -0.41

Thallium Tl 0.47 0.68 0.41 0.39 0.46 0.23 0.71 -0.19 0.86 0.68 0.70 0.42 0.39 0.94 0.28 0.12 0.69 -0.09 0.77 0.04 1.00 0.72 0.59
Vanadium V 0.87 0.56 0.22 0.87 0.85 0.40 0.68 0.36 0.88 0.54 0.91 0.24 0.75 0.80 0.23 0.70 0.39 -0.12 0.61 0.42 0.72 1.00 0.35

Zinc Zn 0.10 0.35 0.86 -0.04 0.09 -0.22 0.22 -0.46 0.63 0.81 0.39 0.89 0.02 0.66 0.73 -0.10 0.92 0.50 0.79 -0.41 0.59 0.35 1.00

Note:  
Bolded values indicate significant correlations (p <0.05).



TABLE B-7
BACKGROUND AREA 2 PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT MATRIX

Page 1 of 1

Variable Al Sb As Ba Be Cd Ca Ch Co Cu Fe Pb Mg Mn Hg Ni K Se Ag Na Tl V Zn
Aluminum Al 1.00 0.12 0.56 0.42 0.89 0.44 0.92 0.92 0.88 0.43 0.96 0.75 0.99 0.67 0.65 0.94 0.50 -0.29 0.81 0.62 0.64 0.89 0.97
Antimony Sb 0.12 1.00 -0.33 0.09 0.43 0.79 0.35 0.05 0.31 0.07 0.30 0.01 0.22 0.11 0.53 -0.07 0.19 -0.12 0.56 -0.13 0.67 0.39 0.17

Arsenic As 0.56 -0.33 1.00 0.19 0.46 0.01 0.26 0.79 0.41 0.52 0.38 0.86 0.47 0.44 -0.12 0.75 -0.06 0.22 0.17 -0.01 -0.09 0.21 0.47
Barium Ba 0.42 0.09 0.19 1.00 0.33 0.04 0.40 0.27 0.66 0.10 0.47 0.22 0.46 0.92 0.33 0.41 0.13 -0.20 0.48 0.10 0.40 0.39 0.35

Beryllium Be 0.89 0.43 0.46 0.33 1.00 0.69 0.90 0.82 0.87 0.26 0.94 0.69 0.89 0.61 0.69 0.77 0.47 -0.05 0.93 0.38 0.83 0.88 0.89
Cadmium Cd 0.44 0.79 0.01 0.04 0.69 1.00 0.54 0.35 0.41 0.01 0.55 0.27 0.47 0.16 0.63 0.26 0.34 0.00 0.68 0.21 0.71 0.55 0.45
Calcium Ca 0.92 0.35 0.26 0.40 0.90 0.54 1.00 0.76 0.91 0.30 0.98 0.58 0.95 0.62 0.74 0.79 0.64 -0.30 0.92 0.61 0.84 0.98 0.95

Chromium Ch 0.92 0.05 0.79 0.27 0.82 0.35 0.76 1.00 0.77 0.65 0.82 0.93 0.89 0.57 0.39 0.96 0.37 -0.12 0.64 0.38 0.42 0.73 0.89
Cobalt Co 0.88 0.31 0.41 0.66 0.87 0.41 0.91 0.77 1.00 0.38 0.93 0.66 0.92 0.87 0.66 0.82 0.41 -0.25 0.90 0.37 0.77 0.89 0.86
Copper Cu 0.43 0.07 0.52 0.10 0.26 0.01 0.30 0.65 0.38 1.00 0.33 0.75 0.45 0.25 -0.04 0.60 0.23 -0.17 0.17 0.08 -0.05 0.35 0.46

Iron Fe 0.96 0.30 0.38 0.47 0.94 0.55 0.98 0.82 0.93 0.33 1.00 0.66 0.97 0.69 0.75 0.85 0.60 -0.22 0.94 0.60 0.82 0.97 0.97
Lead Pb 0.75 0.01 0.86 0.22 0.69 0.27 0.58 0.93 0.66 0.75 0.66 1.00 0.72 0.51 0.12 0.90 0.31 0.12 0.48 0.18 0.23 0.58 0.75

Magnesium Mg 0.99 0.22 0.47 0.46 0.89 0.47 0.95 0.89 0.92 0.45 0.97 0.72 1.00 0.69 0.70 0.91 0.53 -0.35 0.86 0.61 0.71 0.93 0.97
Manganese Mn 0.67 0.11 0.44 0.92 0.61 0.16 0.62 0.57 0.87 0.25 0.69 0.51 0.69 1.00 0.44 0.67 0.15 -0.20 0.66 0.15 0.52 0.59 0.59

Mercury Hg 0.65 0.53 -0.12 0.33 0.69 0.63 0.74 0.39 0.66 -0.04 0.75 0.12 0.70 0.44 1.00 0.39 0.31 -0.50 0.84 0.61 0.85 0.74 0.61
Nickel Ni 0.94 -0.07 0.75 0.41 0.77 0.26 0.79 0.96 0.82 0.60 0.85 0.90 0.91 0.67 0.39 1.00 0.42 -0.14 0.65 0.50 0.40 0.77 0.91

Potassium K 0.50 0.19 -0.06 0.13 0.47 0.34 0.64 0.37 0.41 0.23 0.60 0.31 0.53 0.15 0.31 0.42 1.00 0.09 0.54 0.61 0.52 0.71 0.68
Selenium Se -0.29 -0.12 0.22 -0.20 -0.05 0.00 -0.30 -0.12 -0.25 -0.17 -0.22 0.12 -0.35 -0.20 -0.50 -0.14 0.09 1.00 -0.17 -0.38 -0.17 -0.25 -0.18

Silver Ag 0.81 0.56 0.17 0.48 0.93 0.68 0.92 0.64 0.90 0.17 0.94 0.48 0.86 0.66 0.84 0.65 0.54 -0.17 1.00 0.46 0.95 0.93 0.84
Sodium Na 0.62 -0.13 -0.01 0.10 0.38 0.21 0.61 0.38 0.37 0.08 0.60 0.18 0.61 0.15 0.61 0.50 0.61 -0.38 0.46 1.00 0.38 0.63 0.65

Thallium Tl 0.64 0.67 -0.09 0.40 0.83 0.71 0.84 0.42 0.77 -0.05 0.82 0.23 0.71 0.52 0.85 0.40 0.52 -0.17 0.95 0.38 1.00 0.84 0.68
Vanadium V 0.89 0.39 0.21 0.39 0.88 0.55 0.98 0.73 0.89 0.35 0.97 0.58 0.93 0.59 0.74 0.77 0.71 -0.25 0.93 0.63 0.84 1.00 0.95

Zinc Zn 0.97 0.17 0.47 0.35 0.89 0.45 0.95 0.89 0.86 0.46 0.97 0.75 0.97 0.59 0.61 0.91 0.68 -0.18 0.84 0.65 0.68 0.95 1.00

Note:  
Bolded values indicate significant correlations (p <0.05).



TABLE B-8
BACKGROUND AREA 3 PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT MATRIX
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Variable Al Sb As Ba Be Cd Ca Ch Co Cu Fe Pb Mg Mn Hg Ni K Se Ag Na Tl V Zn
Aluminum Al 1.00 0.75 -0.42 -0.09 0.68 0.81 0.70 0.54 0.85 0.34 0.89 0.05 0.88 0.77 0.41 0.85 -0.22 -0.24 0.92 0.55 0.48 0.37 0.75
Antimony Sb 0.75 1.00 -0.24 0.05 0.52 0.93 0.63 0.63 0.71 0.45 0.86 -0.01 0.85 0.60 0.33 0.75 0.27 -0.07 0.84 0.70 0.67 0.44 0.73
Arsenic As -0.42 -0.24 1.00 -0.44 -0.35 -0.36 -0.11 -0.49 -0.26 -0.10 -0.42 0.37 -0.43 -0.28 -0.83 -0.40 0.31 -0.37 -0.33 -0.51 -0.36 -0.13 -0.02
Barium Ba -0.09 0.05 -0.44 1.00 0.21 0.19 -0.11 0.09 -0.20 0.17 0.00 -0.05 -0.07 -0.22 0.16 0.09 0.18 0.86 0.08 0.17 -0.20 0.04 0.00

Beryllium Be 0.68 0.52 -0.35 0.21 1.00 0.70 0.15 0.61 0.41 0.77 0.71 0.61 0.36 0.40 0.04 0.37 0.04 -0.08 0.72 0.19 0.12 0.72 0.84
Cadmium Cd 0.81 0.93 -0.36 0.19 0.70 1.00 0.52 0.67 0.65 0.54 0.86 0.12 0.79 0.62 0.40 0.70 0.13 0.03 0.84 0.55 0.44 0.57 0.76
Calcium Ca 0.70 0.63 -0.11 -0.11 0.15 0.52 1.00 0.01 0.64 -0.23 0.50 -0.39 0.77 0.56 0.26 0.76 0.11 -0.22 0.74 0.68 0.50 -0.28 0.39

Chromium Ch 0.54 0.63 -0.49 0.09 0.61 0.67 0.01 1.00 0.64 0.58 0.80 0.20 0.55 0.45 0.43 0.49 -0.11 0.20 0.46 0.27 0.41 0.78 0.55
Cobalt Co 0.85 0.71 -0.26 -0.20 0.41 0.65 0.64 0.64 1.00 0.20 0.88 -0.06 0.88 0.74 0.34 0.91 -0.27 -0.10 0.75 0.49 0.56 0.31 0.64
Copper Cu 0.34 0.45 -0.10 0.17 0.77 0.54 -0.23 0.58 0.20 1.00 0.58 0.77 0.16 0.20 -0.17 0.16 0.07 -0.06 0.45 0.07 0.19 0.86 0.76

Iron Fe 0.89 0.86 -0.42 0.00 0.71 0.86 0.50 0.80 0.88 0.58 1.00 0.17 0.86 0.72 0.36 0.83 -0.11 -0.08 0.88 0.57 0.64 0.59 0.83
Lead Pb 0.05 -0.01 0.37 -0.05 0.61 0.12 -0.39 0.20 -0.06 0.77 0.17 1.00 -0.30 -0.02 -0.66 -0.22 0.07 -0.23 0.13 -0.46 -0.30 0.66 0.60

Magnesium Mg 0.88 0.85 -0.43 -0.07 0.36 0.79 0.77 0.55 0.88 0.16 0.86 -0.30 1.00 0.77 0.58 0.93 -0.15 -0.10 0.82 0.75 0.73 0.19 0.55
Manganese Mn 0.77 0.60 -0.28 -0.22 0.40 0.62 0.56 0.45 0.74 0.20 0.72 -0.02 0.77 1.00 0.36 0.66 -0.47 -0.24 0.66 0.28 0.49 0.14 0.54

Mercury Hg 0.41 0.33 -0.83 0.16 0.04 0.40 0.26 0.43 0.34 -0.17 0.36 -0.66 0.58 0.36 1.00 0.45 -0.32 0.25 0.22 0.52 0.39 0.02 -0.16
Nickel Ni 0.85 0.75 -0.40 0.09 0.37 0.70 0.76 0.49 0.91 0.16 0.83 -0.22 0.93 0.66 0.45 1.00 -0.20 0.07 0.83 0.70 0.59 0.17 0.58

Potassium K -0.22 0.27 0.31 0.18 0.04 0.13 0.11 -0.11 -0.27 0.07 -0.11 0.07 -0.15 -0.47 -0.32 -0.20 1.00 0.02 0.07 0.27 0.06 0.03 0.11
Selenium Se -0.24 -0.07 -0.37 0.86 -0.08 0.03 -0.22 0.20 -0.10 -0.06 -0.08 -0.23 -0.10 -0.24 0.25 0.07 0.02 1.00 -0.17 0.01 -0.25 0.00 -0.23

Silver Ag 0.92 0.84 -0.33 0.08 0.72 0.84 0.74 0.46 0.75 0.45 0.88 0.13 0.82 0.66 0.22 0.83 0.07 -0.17 1.00 0.67 0.56 0.33 0.85
Sodium Na 0.55 0.70 -0.51 0.17 0.19 0.55 0.68 0.27 0.49 0.07 0.57 -0.46 0.75 0.28 0.52 0.70 0.27 0.01 0.67 1.00 0.81 -0.04 0.31

Thallium Tl 0.48 0.67 -0.36 -0.20 0.12 0.44 0.50 0.41 0.56 0.19 0.64 -0.30 0.73 0.49 0.39 0.59 0.06 -0.25 0.56 0.81 1.00 0.05 0.35
Vanadium V 0.37 0.44 -0.13 0.04 0.72 0.57 -0.28 0.78 0.31 0.86 0.59 0.66 0.19 0.14 0.02 0.17 0.03 0.00 0.33 -0.04 0.05 1.00 0.65

Zinc Zn 0.75 0.73 -0.02 0.00 0.84 0.76 0.39 0.55 0.64 0.76 0.83 0.60 0.55 0.54 -0.16 0.58 0.11 -0.23 0.85 0.31 0.35 0.65 1.00

Note:  
Bolded values indicate significant correlations (p <0.05).



TABLE B-9
SOIL/SEDIMENT ANALYTICAL SPECIATION DATA
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Sample Data Group Sample ID Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium

Background Agua Fria SD-BKG-AF-1 4390 7.5 UJ 9.3 J 52.4 0.22 J 0.63 U 4850 5.4 J
Background Chaparral Gulch SD-BKG-CG-1 9310 -- 37 93 J 0.33 J 0.54 U 8930 12.8 J

Background Galena Gulch SD-BKG-GG-1 17900 -- 20.6 189 J 0.63 0.6 U 6980 15.8 J
Background Soil Type 1 BKG-101-0-2 11100 -- 29.2 143 0.55 U 0.055 UJ 3640 11.5 
Background Soil Type 1 BKG-102-0-2 13600 -- 57.6 178 0.68 0.26 UJ 4730 12.9 
Background Soil Type 2 BKG-201-0-2 10300 6.2 UJ 7 138 0.26 J 0.52 U 4170 6.4 
Background Soil Type 2 BKG-202-0-2 9910 6.3 UJ 4 J 106 0.25 J 0.52 U 3340 4.4 J
Background Soil Type 3 BKG-301-0-2 48200 8.1 UJ 7.5 J 960 1.3 0.68 U 26300 70.2 J
Background Soil Type 3 BKG-302-0-2 39500 6.5 UJ 7.1 J 1050 1.1 0.54 U 23600 28.1 J

Humboldt Smelter Ash Pile HSJ-504-0-2 63100 3.4 J 33.8 J 43 J 8.1 6.3 42700 8 J
Humboldt Smelter Slag HSJ-507-0-2 9700 7.5 UJ 44.8 J 445 1.7 5 U 4000 64 

Humboldt Smelter Tailings Pile HSJ-501-0-2 15200 22 20 U 26 J 1 U 4.7 65800 16.6 
Iron King Mine Main Tailings Pile IKJ-525-0-2 4860 57.1 J 5360 8.8 UJ 1 U 43.9 J 560000 7 
Iron King Mine Main Tailings Pile IKJ-525-35-38 5640 54.7 J 4660 130 1 U 39.9 J 90000 8.2 
Iron King Mine Main Tailings Pile IKJ-525-4-7 6020 58 J 5850 13.3 UJ 1 U 6 34500 9.3 

Lower Chaparral Gulch SD-CG-16 4870 20 U 20 U 50 U 1 U 5 U 2470 7.3 
Off-site Soil Area 101 OFS-101-1 8330 3.9 J 28.3 120 0.29 J 3.7 7500 14.9 
Off-site Soil Area 106 OFS-106-2 23200 6 U 48.3 44.1 0.17 J 2.1 25000 47.4 
Off-site Soil Area 109 OFS-109-4 44100 18.6 13.6 72 3.5 5.4 1400 121 
Off-site Soil Area 118 OFS-118-1 16300 14 142 307 0.55 12.6 19900 29.4 
Upper Chaparral Gulch SD-CG-6 720 J 6.3 UJ 37 56.8 1 U 5 U 7270 7.9 

Notes:
Sample concentrations are in milligrams per kilogram (mg/kg).
Sample concentrations are reported in milligrams per kilogram (mg/kg).

--  = Not evaluated or data did not meet data quality assessment

J- =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential low bias.

J+ =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential high bias.

J = The analyte was positively identified, but the associated numerical 
value is estimated.

UJ = The analyte was not positively identified and the associated 
numerical value is estimated.



TABLE B-9
SOIL/SEDIMENT ANALYTICAL SPECIATION DATA
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Sample Data Group Sample ID

Background Agua Fria SD-BKG-AF-1
Background Chaparral Gulch SD-BKG-CG-1

Background Galena Gulch SD-BKG-GG-1
Background Soil Type 1 BKG-101-0-2
Background Soil Type 1 BKG-102-0-2
Background Soil Type 2 BKG-201-0-2
Background Soil Type 2 BKG-202-0-2
Background Soil Type 3 BKG-301-0-2
Background Soil Type 3 BKG-302-0-2

Humboldt Smelter Ash Pile HSJ-504-0-2
Humboldt Smelter Slag HSJ-507-0-2

Humboldt Smelter Tailings Pile HSJ-501-0-2
Iron King Mine Main Tailings Pile IKJ-525-0-2
Iron King Mine Main Tailings Pile IKJ-525-35-38
Iron King Mine Main Tailings Pile IKJ-525-4-7

Lower Chaparral Gulch SD-CG-16
Off-site Soil Area 101 OFS-101-1
Off-site Soil Area 106 OFS-106-2
Off-site Soil Area 109 OFS-109-4
Off-site Soil Area 118 OFS-118-1
Upper Chaparral Gulch SD-CG-6

Notes:
Sample concentrations are in milligrams per kilogram (mg/kg).
Sample concentrations are reported in milligrams per kilogram (mg/kg).

--  = Not evaluated or data did not meet data quality assessment

J- =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential low bias.

J+ =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential high bias.

J = The analyte was positively identified, but the associated numerical 
value is estimated.

UJ = The analyte was not positively identified and the associated 
numerical value is estimated.

Cobalt Copper Cyanide Cyanide 
(Total) Iron Lead Magnesium Manganese

5.3 J 12.7 3.1 UJ -- 11200 7 2730 306 
10.9 28.5 2.7 U -- 20900 15 5410 525 
23 47.5 3 U -- 38800 23.2 8060 1020 

13.1 36.8 2.8 U -- 24200 31.1 4340 648 
18.3 48.4 3 U -- 31700 58.2 6260 904 
10.1 19.1 2.6 U -- 21300 5.1 4600 679 

8 12.9 2.6 U -- 22700 3.1 4110 497 
42.1 97.9 3.4 U -- 42200 10.4 46200 1070 
33.3 53.4 2.7 U -- 30600 8.4 30200 827 
20 U 40 U 3 U 10 U 31300 30 U 20100 50 U
20 U 655 3.1 UJ 10 U 5900 19 J 6720 999 
25.9 40 U 2.8 U 10 U 44000 971 7950 846 
15.2 40 U 2.5 UJ 10 U 106000 30 U 59000 7700 
20 U 40 U 3 UJ 10 U 125000 3570 18100 853 
20 U 40 U 2.8 UJ 10 U 120000 30 U 41000 901 
6.4 464 J 3.1 UJ 10 U 16800 78.9 2760 38 J
9.6 436 2.6 U -- 15100 201 6000 320 
33.6 123 2.5 U -- 49300 18 18700 962 
4.2 J 1560 2.6 U -- 4840 358 8130 208 
15.6 905 2.6 U -- 32900 603 7440 629 
8.6 40 U 2.6 U 10 U 19800 30 U 910 50 U
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Sample Data Group Sample ID

Background Agua Fria SD-BKG-AF-1
Background Chaparral Gulch SD-BKG-CG-1

Background Galena Gulch SD-BKG-GG-1
Background Soil Type 1 BKG-101-0-2
Background Soil Type 1 BKG-102-0-2
Background Soil Type 2 BKG-201-0-2
Background Soil Type 2 BKG-202-0-2
Background Soil Type 3 BKG-301-0-2
Background Soil Type 3 BKG-302-0-2

Humboldt Smelter Ash Pile HSJ-504-0-2
Humboldt Smelter Slag HSJ-507-0-2

Humboldt Smelter Tailings Pile HSJ-501-0-2
Iron King Mine Main Tailings Pile IKJ-525-0-2
Iron King Mine Main Tailings Pile IKJ-525-35-38
Iron King Mine Main Tailings Pile IKJ-525-4-7

Lower Chaparral Gulch SD-CG-16
Off-site Soil Area 101 OFS-101-1
Off-site Soil Area 106 OFS-106-2
Off-site Soil Area 109 OFS-109-4
Off-site Soil Area 118 OFS-118-1
Upper Chaparral Gulch SD-CG-6

Notes:
Sample concentrations are in milligrams per kilogram (mg/kg).
Sample concentrations are reported in milligrams per kilogram (mg/kg).

--  = Not evaluated or data did not meet data quality assessment

J- =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential low bias.

J+ =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential high bias.

J = The analyte was positively identified, but the associated numerical 
value is estimated.

UJ = The analyte was not positively identified and the associated 
numerical value is estimated.

Mercury Molybdenum Nickel Nitrate As N Perchlorate Potassium Selenium Silver

0.13 U -- 6.8 J 1.2 U 0.026 UJ 1000 4.4 UJ 0.58 UJ
0.027 J -- 13.4 3.8 0.011 U 1820 3.8 U 0.79 J
0.041 J -- 15.7 31 0.012 U 1840 4.2 U 1.3 

0.13 -- 10.7 1.1 U 0.022 U 1760 0.55 J 0.99 UJ
0.17 -- 13.3 0.72 J 0.021 U 2690 0.8 J 1.2 U

0.034 UJ -- 6.3 1 U 0.021 U 339 J 0.3 J 0.72 UJ
0.1 U -- 4.4 J 1 U 0.021 U 178 J 0.27 J 1 U
0.14 U -- 266 J 1.1 U 0.021 U 1090 1.1 J 2.3 
0.11 U -- 222 J 1.1 U 0.011 U 1020 0.91 J 1.8 
0.1 J 50 U 50 U 13 0.011 U 8750 4.9 4.5 
0.5 U 50 U 77.1 14 0.023 U 5000 U 20 U 2.3 
0.17 50 U 50 U 0.83 J 0.022 U 3600 J 7.7 5.6 J-
18 50 U 80 1.1 UJ 0.022 UJ 5000 U 29.1 12.3 

12.2 50 U 6.6 1.2 UJ 0.024 U 87.3 UJ 44 16.7 
14.2 50 U 7.9 -- -- 5000 U 32.3 10.8 
0.15 50 U 8.2 1.2 U 0.026 U 733 20 U 10 U
1.5 -- 19.5 11 0.02 U 1090 0.63 J 1.5 J-

0.025 J -- 39.5 -- -- 1090 J+ 3.5 U 0.17 J-
0.18 -- 67.8 -- -- 501 UJ 1.1 J 3.1 J-
7.8 -- 31 -- -- 2560 2.9 J 5.3 J-
0.05 50 U 9.5 1.1 U 0.021 U 5000 U 20 U 10 U



TABLE B-9
SOIL/SEDIMENT ANALYTICAL SPECIATION DATA
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Sample Data Group Sample ID

Background Agua Fria SD-BKG-AF-1
Background Chaparral Gulch SD-BKG-CG-1

Background Galena Gulch SD-BKG-GG-1
Background Soil Type 1 BKG-101-0-2
Background Soil Type 1 BKG-102-0-2
Background Soil Type 2 BKG-201-0-2
Background Soil Type 2 BKG-202-0-2
Background Soil Type 3 BKG-301-0-2
Background Soil Type 3 BKG-302-0-2

Humboldt Smelter Ash Pile HSJ-504-0-2
Humboldt Smelter Slag HSJ-507-0-2

Humboldt Smelter Tailings Pile HSJ-501-0-2
Iron King Mine Main Tailings Pile IKJ-525-0-2
Iron King Mine Main Tailings Pile IKJ-525-35-38
Iron King Mine Main Tailings Pile IKJ-525-4-7

Lower Chaparral Gulch SD-CG-16
Off-site Soil Area 101 OFS-101-1
Off-site Soil Area 106 OFS-106-2
Off-site Soil Area 109 OFS-109-4
Off-site Soil Area 118 OFS-118-1
Upper Chaparral Gulch SD-CG-6

Notes:
Sample concentrations are in milligrams per kilogram (mg/kg).
Sample concentrations are reported in milligrams per kilogram (mg/kg).

--  = Not evaluated or data did not meet data quality assessment

J- =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential low bias.

J+ =  The analyte was positively identified, but the associated 
numerical value is estimated with a potential high bias.

J = The analyte was positively identified, but the associated numerical 
value is estimated.

UJ = The analyte was not positively identified and the associated 
numerical value is estimated.

Sodium Sulfate Thallium Vanadium Zinc

51.5 J 28 0.81 UJ 19.6 32.7 
47.3 J 3.5 J 1.8 UJ 39.1 79.4 
62.3 J 11 2.6 UJ 91.9 106 
44 J 22 2.1 J 49.7 127 

52.3 J 30 2.5 J 63.7 232 
48.2 J 7.8 1.4 J 31 51.9 
84.9 J 3 J 1.9 J 34.6 48.8 
5990 29 2.6 J 65.9 84.1 
4010 29 1.8 J 45.3 63.1 

57000 J 270 50 U 70.2 80 U
61000 J 240 50 U 59.3 581 
860 J 14000 50 U 30.8 80 U
28.2 J 22000 50 U 24.3 34000 
7100 J 6300 50 U 25.7 80 U
6800 J -- 50 U 25.2 230 
65.1 J 410 50 U 20.5 80 U
630 10 2.6 U 22.4 824 

137 J -- 0.38 J 109 90.3 
427 J -- 2.6 U 16.8 1240 
175 J -- 2.6 U 50.5 2720 
6200 21 50 U 35.3 93.2 



TABLE B-10
SAMPLE ANALYSIS SUMMARY

Page 1 of 1

Sample Data Group Sample ID TAL Analysis Arsenic 
Speciation

Lead 
Speciation

Background Agua Fria SD-BKG-AF-1 X X
Background Chaparral Gulch SD-BKG-CG-1 X

Background Galena Gulch SD-BKG-GG-1 X
Background Soil Type 1 BKG-101-0-2 X X X
Background Soil Type 1 BKG-102-0-2 X X X
Background Soil Type 2 BKG-201-0-2 X X
Background Soil Type 2 BKG-202-0-2 X X
Background Soil Type 3 BKG-301-0-2 X X
Background Soil Type 3 BKG-302-0-2 X X

Humboldt Smelter Ash Pile HSJ-504-0-2 X X X
Humboldt Smelter Slag HSJ-507-0-2 X X

Humboldt Smelter Tailings Pile HSJ-501-0-2 X X X
Iron King Mine Main Tailings Pile IKJ-525-0-2 X X X
Iron King Mine Main Tailings Pile IKJ-525-35-38 X X X
Iron King Mine Main Tailings Pile IKJ-525-4-7 X X X

Lower Chaparral Gulch SD-CG-16 X X X
Off-site Soil Area 101 OFS-101-1 X X X
Off-site Soil Area 106 OFS-106-2 X
Off-site Soil Area 109 OFS-109-4 X X X
Off-site Soil Area 118 OFS-118-1 X X X
Upper Chaparral Gulch SD-CG-6 X X X

X = Sample Analyses Reported



TABLE B-11
  ARSENIC AND LEAD SPECIATION SUMMARY

Page 1 of 3

Sample Type IKM Tailings IKM Tailings IKM Tailings Background Soil Background Soil Background Soil Background Soil

Sample ID IKJ-525-0-2 IKJ-525-4-7 IKJ-525-35-38 BKG-101-0-2 BKG-102-0-2 BKG-201-0-2 BKG-202-0-2

Arsenic (As+5) Ferrihydrite 0.72 0.17 0.1 1 1 1 1

Arsenic (As+3) Arsenopyrite 0.28 0.83 0.9 0 0 0 0
Galea 0 0.253 0.486 0 0 NS NS
Cerussite 0.201 0.323 0.307 0 0 NS NS
Hydrocerussite 0 0 0 0.165 0 NS NS
Anglesite 0 0 0 0.754 0.232 NS NS
Ledhillite 0 0 0 0 0 NS NS
Sorbed Lead 0 0.161 0 0 0 NS NS
Magnetoplumite 0 0.231 0.047 0 0 NS NS
Plumboferrite 0.144 0 0 0 0.284 NS NS
Plumbogummite 0 0 0 0 0 NS NS
Plumboyarosite 0.685 0.031 0.16 0.081 0.484 NS NS

NS = Insufficient signal to speciate



TABLE B-11
  ARSENIC AND LEAD SPECIATION SUMMARY

Page 2 of 3

Sample Type

Sample ID

Arsenic (As+5) Ferrihydrite 
Arsenic (As+3) Arsenopyrite
Galea
Cerussite
Hydrocerussite
Anglesite
Ledhillite
Sorbed Lead
Magnetoplumite
Plumboferrite
Plumbogummite
Plumboyarosite

NS = Insufficient signal to speciate

Background Soil Background Soil Off-site Soil Off-site Soil Off-site Soil Off-site Soil Background GG 
Sediment

BKG-301-0-2 BKG-302-0-2 OFS-101-1 OFS-106-2 OFS-109-4 OFS-118-1 SD-BKG-GG-1

1 1 1 NS 1 1 NS
0 0 0 NS 0 0 NS

NS NS 0.104 NS 0.24 0 NS
NS NS 0 NS 0 0 NS
NS NS 0.028 NS 0 0 NS
NS NS 0.243 NS 0.343 0.374 NS
NS NS 0 NS 0 0 NS
NS NS 0.228 NS 0.417 0 NS
NS NS 0 NS 0 0 NS
NS NS 0 NS 0 0 NS
NS NS 0 NS 0 0 NS
NS NS 0.397 NS 0 0.626 NS



TABLE B-11
  ARSENIC AND LEAD SPECIATION SUMMARY

Page 3 of 3

Sample Type

Sample ID

Arsenic (As+5) Ferrihydrite 
Arsenic (As+3) Arsenopyrite
Galea
Cerussite
Hydrocerussite
Anglesite
Ledhillite
Sorbed Lead
Magnetoplumite
Plumboferrite
Plumbogummite
Plumboyarosite

NS = Insufficient signal to speciate

Background CG 
Sediment

CG Sediment CG Sediment AF Sediment Smelter Tailings Smelter Ash Smelter Slag

SD-BKG-CG-1 SD-CG-06 SD-CG-16 AGF-01 HSJ-501-0-2 HSJ-504-0-2-dup HSJ-507-0-2

NS 1 1 1 1 1 1
NS 0 0 0 0 0 0
NS 0 0 NS 0 0.296 NS
NS 0 0 NS 0 0.037 NS
NS 0.092 0 NS 0 0 NS
NS 0.68 0.456 NS 0.141 0.397 NS
NS 0 0 NS 0 0 NS
NS 0 0 NS 0 0.269 NS
NS 0 0 NS 0 0 NS
NS 0 0 NS 0.014 0 NS
NS 0 0 NS 0 0 NS
NS 0.228 0.541 NS 0.845 0 NS
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Figure B-2  ProUCL UPL Flowchart



Figure B-3  Background Area 1 Cluster Analysis



Figure B-4  Background Area 2 Cluster Analysis



Figure B-5 Background Area 3 Cluster Analysis
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Figure B-6  Association of Arsenic and Mercury in Background Area 1
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Figure B-12 Arsenic Speciation for As+3 —S bond and As+5—O bond Absorption
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 Background Area 1 Statistics

Page 1 of 25

Upper Threshold Limit Based upon IQR 17988

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 16109    95% UPL 14000

   95% Chebyshev UPL 18676

90% Percentile 14044    95% Percentile Bootstrap UTL with   90% Coverage 14000

95% Percentile 14741    95% BCA Bootstrap UTL with   90% Coverage 14000

Assuming Gamma Distribution    95% UTL with   90% Coverage 14000

5% K-S Critical Value 0.266 99% Percentile 14000

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 13960

K-S Test Statistic 0.19 95% Percentile 14000

A-D Test Statistic 0.444 Nonparametric Statistics

Theta Star 239.8

nu star 987.4

Gamma Distribution Test Data Distribution Test

k star 49.37 Data appear Normal at 5% Significance Level

95% Percentile (z) 14300 95% Percentile (z) 14451

99% Percentile (z) 15319 99% Percentile (z) 15741

   95% UPL (t) 14715    95% UPL (t) 14963

90% Percentile (z) 13756 90% Percentile (z) 13807

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 15361    95% UTL with   90% Coverage 15798

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.903 Shapiro Wilk Test Statistic 0.91

Skewness 0.288

SD 1495 SD 0.125

Coefficient of Variation 0.126

Third Quartile 13525 Third Quartile 9.512

Mean 11840 Mean 9.372

First Quartile 10550 First Quartile 9.264

Median 11350 Median 9.337

Maximum 14000 Maximum 9.547

Second Largest 13600 Second Largest 9.518

Raw Statistics Log-Transformed Statistics

Minimum 10000 Minimum 9.21

Result (aluminum)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 9



 Background Area 1 Statistics

Page 2 of 25

Upper Threshold Limit Based upon IQR 6.938

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 7.301    95% UPL 7.3

   95% Chebyshev UPL 7.854

90% Percentile 6.95    95% Percentile Bootstrap UTL with   90% Coverage 7.3

95% Percentile 7.071    95% BCA Bootstrap UTL with   90% Coverage 6.6

Assuming Gamma Distribution    95% UTL with   90% Coverage 7.3

5% K-S Critical Value 0.266 99% Percentile 7.3

Data not Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 7.23

K-S Test Statistic 0.306 95% Percentile 7.3

A-D Test Statistic 1.093 Nonparametric Statistics

Theta Star 0.0154

nu star 8482

Gamma Distribution Test Data Distribution Test

k star 424.1 Data do not follow a Discernable Distribution (0.05)

95% Percentile (z) 7.013 95% Percentile (z) 7.005

99% Percentile (z) 7.209 99% Percentile (z) 7.21

   95% UPL (t) 7.093    95% UPL (t) 7.088

90% Percentile (z) 6.908 90% Percentile (z) 6.898

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 7.217    95% UTL with   90% Coverage 7.219

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.712 Shapiro Wilk Test Statistic 0.73

Skewness 2.373

SD 0.288 SD 0.0423

Coefficient of Variation 0.044

Third Quartile 6.6 Third Quartile 1.887

Mean 6.54 Mean 1.877

First Quartile 6.375 First Quartile 1.852

Median 6.5 Median 1.872

Maximum 7.3 Maximum 1.988

Second Largest 6.6 Second Largest 1.887

Raw Statistics Log-Transformed Statistics

Minimum 6.3 Minimum 1.841

Result (antimony)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 5



 Background Area 1 Statistics

Page 3 of 25

Upper Threshold Limit Based upon IQR 108.6

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 122.5    95% UPL 95.7

   95% Chebyshev UPL 151

90% Percentile 80.64    95% Percentile Bootstrap UTL with   90% Coverage 95.7

95% Percentile 93.96    95% BCA Bootstrap UTL with   90% Coverage 95.7

Assuming Gamma Distribution    95% UTL with   90% Coverage 95.7

5% K-S Critical Value 0.267 99% Percentile 95.7

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.729 90% Percentile 92.76

K-S Test Statistic 0.213 95% Percentile 95.7

A-D Test Statistic 0.379 Nonparametric Statistics

Theta Star 12.69

nu star 75.09

Gamma Distribution Test Data Distribution Test

k star 3.754 Data appear Normal at 5% Significance Level

95% Percentile (z) 84.84 95% Percentile (z) 93.01

99% Percentile (z) 100.2 99% Percentile (z) 127.8

   95% UPL (t) 91.12    95% UPL (t) 105.9

90% Percentile (z) 76.63 90% Percentile (z) 78.52

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 100.9    95% UTL with   90% Coverage 129.5

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.898 Shapiro Wilk Test Statistic 0.928

Skewness 0.965

Background Statistics

SD 22.6 SD 0.466

Coefficient of Variation 0.474

Third Quartile 59.78 Third Quartile 4.089

Mean 47.66 Mean 3.766

First Quartile 27.2 First Quartile 3.303

Median 48.15 Median 3.873

Maximum 95.7 Maximum 4.561

Second Largest 66.3 Second Largest 4.194

Raw Statistics Log-Transformed Statistics

Minimum 23.8 Minimum 3.17

Result (arsenic)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10



 Background Area 1 Statistics
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Upper Threshold Limit Based upon IQR 280.1

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 276.2    95% UPL 239

   95% Chebyshev UPL 336.1

90% Percentile 220.1    95% Percentile Bootstrap UTL with   90% Coverage 239

95% Percentile 238.7    95% BCA Bootstrap UTL with   90% Coverage 239

Assuming Gamma Distribution    95% UTL with   90% Coverage 239

5% K-S Critical Value 0.266 99% Percentile 239

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.725 90% Percentile 235.5

K-S Test Statistic 0.137 95% Percentile 239

A-D Test Statistic 0.191 Nonparametric Statistics

Theta Star 10.26

nu star 323

Gamma Distribution Test Data Distribution Test

k star 16.15 Data appear Normal at 5% Significance Level

95% Percentile (z) 227 95% Percentile (z) 232.2

99% Percentile (z) 252.4 99% Percentile (z) 269.6

   95% UPL (t) 237.3    95% UPL (t) 246.8

90% Percentile (z) 213.4 90% Percentile (z) 214.5

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 253.5    95% UTL with   90% Coverage 271.3

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.954 Shapiro Wilk Test Statistic 0.98

Skewness 0.74

Background Statistics

SD 37.3 SD 0.219

Coefficient of Variation 0.225

Third Quartile 192.8 Third Quartile 5.261

Mean 165.6 Mean 5.088

First Quartile 134.5 First Quartile 4.902

Median 159 Median 5.069

Maximum 239 Maximum 5.476

Second Largest 204 Second Largest 5.318

Raw Statistics Log-Transformed Statistics

Minimum 117 Minimum 4.762

Result (barium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10



 Background Area 1 Statistics

Page 5 of 25

99% Percentile (z) 1.028 99% Percentile (z) 1.472

90% Percentile (z) 0.795 90% Percentile (z) 0.871

95% Percentile (z) 0.876 95% Percentile (z) 1.046

   95% UTL   90% Coverage 1.035    95% UTL   90% Coverage 1.493

   95% UPL (t) 0.938    95% UPL (t) 1.202

Mean 0.509 Mean (Log Scale) -0.781

SD 0.223 SD (Log Scale) 0.502

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

5% Shapiro Wilk Critical Value 0.788 5% Shapiro Wilk Critical Value 0.788

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.885 Shapiro Wilk Test Statistic 0.874

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 40.00%

Warning:  There are only 6 Detected Values in this data

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 4

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 6

Maximum Non-Detect 0.55 Maximum Non-Detect -0.598

SD of Detected 0.0812 SD of Detected 0.122

Minimum Non-Detect 0.49 Minimum Non-Detect -0.713

Maximum Detected 0.77 Maximum Detected -0.261

Mean of Detected 0.675 Mean of Detected -0.399

Raw Statistics Log-transformed Statistics

Minimum Detected 0.58 Minimum Detected -0.545

Number of Distinct Detected Data 5 Number of Non-Detect Data 4

Percent Non-Detects 40.00%

Result (beryllium)

General Statistics

Number of Valid Data 10 Number of Detected Data 6



 Background Area 1 Statistics
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For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

99% Percentile 0.837

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

90% Percentile 0.752

95% Percentile 0.781

Nu star 1670

   95% Percentile of Chisquare (2k) 198.2

k star 83.51

Theta star 0.00788

Median 0.633 95% Percentile (z) 0.759

SD 0.0643 99% Percentile (z) 0.809

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t) 0.779

Mean 0.658 90% Percentile (z) 0.732

   95% KM UTL with    90% Coverage 0.811

Assuming Gamma Distribution    95% KM Chebyshev UPL 0.975

5% K-S Critical Value 0.332 SD 0.0739

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.0256

5% A-D Critical Value 0.696 Kaplan-Meier (KM) Method

K-S Test Statistic 0.236 Mean 0.637

A-D Test Statistic 0.434 Nonparametric Statistics

Theta Star 0.0166

nu star 489.2

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 40.77 Data appear Normal at 5% Significance Level

95% Percentile (z) 0.799 95% Percentile (z) 0.805

99% Percentile (z) 0.885 99% Percentile (z) 0.915

   95% UPL (t) 0.834    95% UPL (t) 0.848

90% Percentile (z) 0.753 90% Percentile (z) 0.752

   95% BCA UTL with   90% Coverage 0.77

   95% Bootstrap (%) UTL with   90% Coverage 0.77

SD 0.127 SD in Original Scale 0.114

   95% UTL with   90% Coverage 0.889    95% UTL with   90% Coverage 0.92

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 0.59 Mean in Original Scale 0.6
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Warning: All observations are Non-Detects (NDs), therefore all statistics and estimates should also be NDs!

Specifically, sample mean, UCLs, UPLs, and other statistics are also NDs lying below the largest detection limit!

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

The data set for variable Result (cadmium) was not processed!

General Statistics

Number of Valid Data 10 Number of Detected Data 0

Number of Distinct Detected Data 0 Number of Non-Detect Data 10

Result (cadmium)
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Upper Threshold Limit Based upon IQR 5830

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 5741    95% UPL 4730

   95% Chebyshev UPL 6758

90% Percentile 4742    95% Percentile Bootstrap UTL with   90% Coverage 4730

95% Percentile 5076    95% BCA Bootstrap UTL with   90% Coverage 4730

Assuming Gamma Distribution    95% UTL with   90% Coverage 4730

5% K-S Critical Value 0.266 99% Percentile 4730

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 4696

K-S Test Statistic 0.183 95% Percentile 4730

A-D Test Statistic 0.268 Nonparametric Statistics

Theta Star 156.9

nu star 476

Gamma Distribution Test Data Distribution Test

k star 23.8 Data appear Normal at 5% Significance Level

95% Percentile (z) 4822 95% Percentile (z) 4980

99% Percentile (z) 5273 99% Percentile (z) 5645

   95% UPL (t) 5006    95% UPL (t) 5241

90% Percentile (z) 4582 90% Percentile (z) 4658

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 5292    95% UTL with   90% Coverage 5675

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.965 Shapiro Wilk Test Statistic 0.952

Coefficient of Variation 0.177

Skewness -0.167

Mean 3734 Mean 8.21

SD 661.4 SD 0.184

Median 3670 Median 8.208

Third Quartile 4293 Third Quartile 8.365

Second Largest 4390 Second Largest 8.387

First Quartile 3268 First Quartile 8.092

Minimum 2570 Minimum 7.852

Maximum 4730 Maximum 8.462

Total Number of Observations 10 Number of Distinct Observations 10

Raw Statistics Log-Transformed Statistics

Result (calcium)

General Statistics
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Upper Threshold Limit Based upon IQR 31.48

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 35.3    95% UPL 32.1

   95% Chebyshev UPL 45.9

90% Percentile 25.51    95% Percentile Bootstrap UTL with   90% Coverage 32.1

95% Percentile 28.69    95% BCA Bootstrap UTL with   90% Coverage 32.1

Assuming Gamma Distribution    95% UTL with   90% Coverage 32.1

5% K-S Critical Value 0.267 99% Percentile 32.1

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.725 90% Percentile 31.1

K-S Test Statistic 0.191 95% Percentile 32.1

A-D Test Statistic 0.514 Nonparametric Statistics

Theta Star 2.426

nu star 139.8

Gamma Distribution Test Data Distribution Test

k star 6.988 Data appear Gamma Distributed at 5% Significance Level

95% Percentile (z) 27.36 95% Percentile (z) 27.38

99% Percentile (z) 31.68 99% Percentile (z) 34.12

   95% UPL (t) 29.12    95% UPL (t) 29.95

90% Percentile (z) 25.06 90% Percentile (z) 24.35

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 31.86    95% UTL with   90% Coverage 34.43

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.815 Shapiro Wilk Test Statistic 0.899

Skewness 1.74

Background Statistics

SD 6.332 SD 0.323

Coefficient of Variation 0.374

Third Quartile 20.08 Third Quartile 2.998

Mean 16.95 Mean 2.779

First Quartile 12.48 First Quartile 2.524

Median 14.75 Median 2.691

Maximum 32.1 Maximum 3.469

Second Largest 22.1 Second Largest 3.096

Raw Statistics Log-Transformed Statistics

Minimum 11.5 Minimum 2.442

Result (chromium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 19.08

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 19.72    95% UPL 18.3

   95% Chebyshev UPL 23.5

90% Percentile 16.69    95% Percentile Bootstrap UTL with   90% Coverage 18.3

95% Percentile 17.71    95% BCA Bootstrap UTL with   90% Coverage 18.3

Assuming Gamma Distribution    95% UTL with   90% Coverage 18.3

5% K-S Critical Value 0.266 99% Percentile 18.3

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 17.95

K-S Test Statistic 0.161 95% Percentile 18.3

A-D Test Statistic 0.348 Nonparametric Statistics

Theta Star 0.419

nu star 646.7

Gamma Distribution Test Data Distribution Test

k star 32.33 Data appear Normal at 5% Significance Level

95% Percentile (z) 17.14 95% Percentile (z) 17.26

99% Percentile (z) 18.62 99% Percentile (z) 19.17

   95% UPL (t) 17.74    95% UPL (t) 18.01

90% Percentile (z) 16.35 90% Percentile (z) 16.33

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 18.68    95% UTL with   90% Coverage 19.25

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.902 Shapiro Wilk Test Statistic 0.932

Skewness 1.053

SD 2.174 SD 0.153

Coefficient of Variation 0.16

Third Quartile 14.73 Third Quartile 2.69

Mean 13.56 Mean 2.596

First Quartile 11.83 First Quartile 2.47

Median 13.3 Median 2.588

Maximum 18.3 Maximum 2.907

Second Largest 14.8 Second Largest 2.695

Raw Statistics Log-Transformed Statistics

Minimum 11.1 Minimum 2.407

Result (cobalt)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 9
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Upper Threshold Limit Based upon IQR 55.64

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 55.37    95% UPL 48.4

   95% Chebyshev UPL 67.25

90% Percentile 44.33    95% Percentile Bootstrap UTL with   90% Coverage 48.4

95% Percentile 47.99    95% BCA Bootstrap UTL with   90% Coverage 48.4

Assuming Gamma Distribution    95% UTL with   90% Coverage 48.4

5% K-S Critical Value 0.266 99% Percentile 48.4

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.725 90% Percentile 47.56

K-S Test Statistic 0.118 95% Percentile 48.4

A-D Test Statistic 0.178 Nonparametric Statistics

Theta Star 1.981

nu star 338.7

Gamma Distribution Test Data Distribution Test

k star 16.94 Data appear Normal at 5% Significance Level

95% Percentile (z) 45.67 95% Percentile (z) 46.71

99% Percentile (z) 50.7 99% Percentile (z) 54.04

   95% UPL (t) 47.72    95% UPL (t) 49.57

90% Percentile (z) 43 90% Percentile (z) 43.22

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 50.91    95% UTL with   90% Coverage 54.37

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.955 Shapiro Wilk Test Statistic 0.98

Skewness 0.743

Background Statistics

SD 7.371 SD 0.214

Coefficient of Variation 0.22

Third Quartile 38.5 Third Quartile 3.65

Mean 33.55 Mean 3.492

First Quartile 27.08 First Quartile 3.299

Median 32.1 Median 3.469

Maximum 48.4 Maximum 3.879

Second Largest 40 Second Largest 3.689

Raw Statistics Log-Transformed Statistics

Minimum 24 Minimum 3.178

Result (copper)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 40450

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 37174    95% UPL 31700

   95% Chebyshev UPL 43382

90% Percentile 31985    95% Percentile Bootstrap UTL with   90% Coverage 31700

95% Percentile 33732    95% BCA Bootstrap UTL with   90% Coverage 31700

Assuming Gamma Distribution    95% UTL with   90% Coverage 31700

5% K-S Critical Value 0.266 99% Percentile 31700

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 31660

K-S Test Statistic 0.188 95% Percentile 31700

A-D Test Statistic 0.523 Nonparametric Statistics

Theta Star 655.9

nu star 808.7

Gamma Distribution Test Data Distribution Test

k star 40.44 Data appear Normal at 5% Significance Level

95% Percentile (z) 32587 95% Percentile (z) 33041

99% Percentile (z) 35100 99% Percentile (z) 36323

   95% UPL (t) 33611    95% UPL (t) 34341

90% Percentile (z) 31247 90% Percentile (z) 31415

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 35206    95% UTL with   90% Coverage 36468

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.885 Shapiro Wilk Test Statistic 0.885

Skewness 0.181

Background Statistics

SD 3688 SD 0.139

Coefficient of Variation 0.139

Third Quartile 29725 Third Quartile 10.3

Mean 26520 Mean 10.18

First Quartile 22575 First Quartile 10.02

Median 26200 Median 10.17

Maximum 31700 Maximum 10.36

Second Largest 31300 Second Largest 10.35

Raw Statistics Log-Transformed Statistics

Minimum 22300 Minimum 10.01

Result (iron)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 92.03

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 103.1    95% UPL 82.8

   95% Chebyshev UPL 127.2

90% Percentile 70.81    95% Percentile Bootstrap UTL with   90% Coverage 82.8

95% Percentile 81.16    95% BCA Bootstrap UTL with   90% Coverage 82.8

Assuming Gamma Distribution    95% UTL with   90% Coverage 82.8

5% K-S Critical Value 0.267 99% Percentile 82.8

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.728 90% Percentile 80.34

K-S Test Statistic 0.155 95% Percentile 82.8

A-D Test Statistic 0.211 Nonparametric Statistics

Theta Star 8.979

nu star 98.34

Gamma Distribution Test Data Distribution Test

k star 4.917 Data appear Normal at 5% Significance Level

95% Percentile (z) 74.03 95% Percentile (z) 79.9

99% Percentile (z) 86.41 99% Percentile (z) 105.3

   95% UPL (t) 79.08    95% UPL (t) 89.43

90% Percentile (z) 67.43 90% Percentile (z) 68.96

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 86.93    95% UTL with   90% Coverage 106.6

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.93 Shapiro Wilk Test Statistic 0.97

Skewness 0.927

Background Statistics

SD 18.17 SD 0.406

Coefficient of Variation 0.411

Third Quartile 54.53 Third Quartile 3.998

Mean 44.15 Mean 3.714

First Quartile 29.53 First Quartile 3.381

Median 44.05 Median 3.784

Maximum 82.8 Maximum 4.416

Second Largest 58.2 Second Largest 4.064

Raw Statistics Log-Transformed Statistics

Minimum 22.6 Minimum 3.118

Result (lead)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10



 Background Area 1 Statistics

Page 14 of 25

Upper Threshold Limit Based upon IQR 7123

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 7325    95% UPL 6560

   95% Chebyshev UPL 8734

90% Percentile 6204    95% Percentile Bootstrap UTL with   90% Coverage 6560

95% Percentile 6580    95% BCA Bootstrap UTL with   90% Coverage 6560

Assuming Gamma Distribution    95% UTL with   90% Coverage 6560

5% K-S Critical Value 0.266 99% Percentile 6560

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 6530

K-S Test Statistic 0.158 95% Percentile 6560

A-D Test Statistic 0.425 Nonparametric Statistics

Theta Star 155.2

nu star 649.6

Gamma Distribution Test Data Distribution Test

k star 32.48 Data appear Normal at 5% Significance Level

95% Percentile (z) 6370 95% Percentile (z) 6413

99% Percentile (z) 6921 99% Percentile (z) 7117

   95% UPL (t) 6595    95% UPL (t) 6691

90% Percentile (z) 6077 90% Percentile (z) 6067

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 6944    95% UTL with   90% Coverage 7148

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.892 Shapiro Wilk Test Statistic 0.923

Skewness 1.012

Background Statistics

SD 807.7 SD 0.153

Coefficient of Variation 0.16

Third Quartile 5525 Third Quartile 8.614

Mean 5042 Mean 8.515

First Quartile 4460 First Quartile 8.403

Median 4855 Median 8.487

Maximum 6560 Maximum 8.789

Second Largest 6260 Second Largest 8.742

Raw Statistics Log-Transformed Statistics

Minimum 4110 Minimum 8.321

Result (magnesium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 979

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 1004    95% UPL 904

   95% Chebyshev UPL 1205

90% Percentile 827.4    95% Percentile Bootstrap UTL with   90% Coverage 904

95% Percentile 886.3    95% BCA Bootstrap UTL with   90% Coverage 904

Assuming Gamma Distribution    95% UTL with   90% Coverage 904

5% K-S Critical Value 0.266 99% Percentile 904

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 886.9

K-S Test Statistic 0.204 95% Percentile 904

A-D Test Statistic 0.471 Nonparametric Statistics

Theta Star 28.12

nu star 461.9

Gamma Distribution Test Data Distribution Test

k star 23.09 Data appear Normal at 5% Significance Level

95% Percentile (z) 849.1 95% Percentile (z) 864.5

99% Percentile (z) 931.9 99% Percentile (z) 979.5

   95% UPL (t) 882.9    95% UPL (t) 909.6

90% Percentile (z) 805 90% Percentile (z) 808.8

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 935.4    95% UTL with   90% Coverage 984.6

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.901 Shapiro Wilk Test Statistic 0.914

Skewness 0.716

Background Statistics

SD 121.5 SD 0.183

Coefficient of Variation 0.187

Third Quartile 701.5 Third Quartile 6.553

Mean 649.3 Mean 6.461

First Quartile 516.5 First Quartile 6.247

Median 649 Median 6.475

Maximum 904 Maximum 6.807

Second Largest 733 Second Largest 6.597

Raw Statistics Log-Transformed Statistics

Minimum 501 Minimum 6.217

Result (manganese)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 0.296

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 0.425    95% UPL 0.37

   95% Chebyshev UPL 0.556

90% Percentile 0.263    95% Percentile Bootstrap UTL with   90% Coverage 0.37

95% Percentile 0.314    95% BCA Bootstrap UTL with   90% Coverage 0.37

Assuming Gamma Distribution    95% UTL with   90% Coverage 0.37

5% K-S Critical Value 0.268 99% Percentile 0.37

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.73 90% Percentile 0.35

K-S Test Statistic 0.222 95% Percentile 0.37

A-D Test Statistic 0.681 Nonparametric Statistics

Theta Star 0.0547

nu star 52.67

Gamma Distribution Test Data Distribution Test

k star 2.634 Data appear Gamma Distributed at 5% Significance Level

95% Percentile (z) 0.292 95% Percentile (z) 0.305

99% Percentile (z) 0.354 99% Percentile (z) 0.442

   95% UPL (t) 0.317    95% UPL (t) 0.355

90% Percentile (z) 0.26 90% Percentile (z) 0.25

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 0.356    95% UTL with   90% Coverage 0.449

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.757 Shapiro Wilk Test Statistic 0.867

Skewness 1.912

SD 0.0902 SD 0.543

Coefficient of Variation 0.626

Third Quartile 0.163 Third Quartile -1.817

Mean 0.144 Mean -2.08

First Quartile 0.0738 First Quartile -2.608

Median 0.145 Median -1.936

Maximum 0.37 Maximum -0.994

Second Largest 0.17 Second Largest -1.772

Raw Statistics Log-Transformed Statistics

Minimum 0.069 Minimum -2.674

Result (mercury)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 8
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Upper Threshold Limit Based upon IQR 19.8

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 18.78    95% UPL 16.3

   95% Chebyshev UPL 22.2

90% Percentile 15.81    95% Percentile Bootstrap UTL with   90% Coverage 16.3

95% Percentile 16.81    95% BCA Bootstrap UTL with   90% Coverage 16.3

Assuming Gamma Distribution    95% UTL with   90% Coverage 16.3

5% K-S Critical Value 0.266 99% Percentile 16.3

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 16.17

K-S Test Statistic 0.2 95% Percentile 16.3

A-D Test Statistic 0.291 Nonparametric Statistics

Theta Star 0.423

nu star 603

Gamma Distribution Test Data Distribution Test

k star 30.15 Data appear Normal at 5% Significance Level

95% Percentile (z) 16.16 95% Percentile (z) 16.43

99% Percentile (z) 17.57 99% Percentile (z) 18.33

   95% UPL (t) 16.73    95% UPL (t) 17.18

90% Percentile (z) 15.41 90% Percentile (z) 15.5

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 17.62    95% UTL with   90% Coverage 18.42

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.947 Shapiro Wilk Test Statistic 0.951

Skewness 0.35

Background Statistics

SD 2.066 SD 0.161

Coefficient of Variation 0.162

Third Quartile 14.48 Third Quartile 2.672

Mean 12.76 Mean 2.535

First Quartile 10.93 First Quartile 2.391

Median 12.75 Median 2.545

Maximum 16.3 Maximum 2.791

Second Largest 15 Second Largest 2.708

Raw Statistics Log-Transformed Statistics

Minimum 10.1 Minimum 2.313

Result (nickel)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 4344

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 3804    95% UPL 2820

   95% Chebyshev UPL 4702

90% Percentile 2743    95% Percentile Bootstrap UTL with   90% Coverage 2820

95% Percentile 3087    95% BCA Bootstrap UTL with   90% Coverage 2820

Assuming Gamma Distribution    95% UTL with   90% Coverage 2820

5% K-S Critical Value 0.267 99% Percentile 2820

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.725 90% Percentile 2807

K-S Test Statistic 0.198 95% Percentile 2820

A-D Test Statistic 0.494 Nonparametric Statistics

Theta Star 264.5

nu star 137.4

Gamma Distribution Test Data Distribution Test

k star 6.87 Data appear Normal at 5% Significance Level

95% Percentile (z) 2855 95% Percentile (z) 3005

99% Percentile (z) 3285 99% Percentile (z) 3783

   95% UPL (t) 3030    95% UPL (t) 3301

90% Percentile (z) 2626 90% Percentile (z) 2658

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 3303    95% UTL with   90% Coverage 3820

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.876 Shapiro Wilk Test Statistic 0.902

Skewness 0.622

Background Statistics

SD 631.1 SD 0.338

Coefficient of Variation 0.347

Third Quartile 2503 Third Quartile 7.824

Mean 1817 Mean 7.453

First Quartile 1275 First Quartile 7.151

Median 1630 Median 7.393

Maximum 2820 Maximum 7.944

Second Largest 2690 Second Largest 7.897

Raw Statistics Log-Transformed Statistics

Minimum 1140 Minimum 7.039

Result (potassium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 1.653

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 1.585    95% UPL 1.2

   95% Chebyshev UPL 1.89

90% Percentile 1.178    95% Percentile Bootstrap UTL with   90% Coverage 1.2

95% Percentile 1.311    95% BCA Bootstrap UTL with   90% Coverage 1

Assuming Gamma Distribution    95% UTL with   90% Coverage 1.2

5% K-S Critical Value 0.267 99% Percentile 1.2

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.725 90% Percentile 1.18

K-S Test Statistic 0.17 95% Percentile 1.2

A-D Test Statistic 0.334 Nonparametric Statistics

Theta Star 0.0932

nu star 174.2

Gamma Distribution Test Data Distribution Test

k star 8.711 Data appear Normal at 5% Significance Level

95% Percentile (z) 1.2 95% Percentile (z) 1.295

99% Percentile (z) 1.36 99% Percentile (z) 1.599

   95% UPL (t) 1.265    95% UPL (t) 1.411

90% Percentile (z) 1.114 90% Percentile (z) 1.158

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 1.367    95% UTL with   90% Coverage 1.613

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.955 Shapiro Wilk Test Statistic 0.939

Skewness -0.00285

SD 0.236 SD 0.309

Coefficient of Variation 0.29

Third Quartile 1 Third Quartile 0

Mean 0.812 Mean -0.249

First Quartile 0.565 First Quartile -0.571

Median 0.805 Median -0.217

Maximum 1.2 Maximum 0.182

Second Largest 1 Second Largest 0

Raw Statistics Log-Transformed Statistics

Minimum 0.46 Minimum -0.777

Result (selenium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 9
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99% Percentile (z) 1.55 99% Percentile (z) 1.902

90% Percentile (z) 1.236 90% Percentile (z) 1.29

95% Percentile (z) 1.345 95% Percentile (z) 1.476

   95% UTL   90% Coverage 1.559    95% UTL   90% Coverage 1.923

   95% UPL (t) 1.429    95% UPL (t) 1.637

Mean 0.851 Mean (Log Scale) -0.222

SD 0.301 SD (Log Scale) 0.372

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

5% Shapiro Wilk Critical Value 0.788 5% Shapiro Wilk Critical Value 0.788

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.955 Shapiro Wilk Test Statistic 0.957

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 80.00%

Warning:  There are only 6 Detected Values in this data

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 8

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 2

Maximum Non-Detect 1.2 Maximum Non-Detect 0.182

SD of Detected 0.172 SD of Detected 0.162

Minimum Non-Detect 0.99 Minimum Non-Detect -0.0101

Maximum Detected 1.3 Maximum Detected 0.262

Mean of Detected 1.06 Mean of Detected 0.0473

Raw Statistics Log-transformed Statistics

Minimum Detected 0.86 Minimum Detected -0.151

Number of Distinct Detected Data 6 Number of Non-Detect Data 4

Percent Non-Detects 40.00%

Result (silver)

General Statistics

Number of Valid Data 10 Number of Detected Data 6
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For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

99% Percentile 1.432

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

90% Percentile 1.252

95% Percentile 1.312

Nu star 1027

   95% Percentile of Chisquare (2k) 127.4

k star 51.35

Theta star 0.0206

Median 1.047 95% Percentile (z) 1.241

SD 0.131 99% Percentile (z) 1.343

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t) 1.282

Mean 1.058 90% Percentile (z) 1.187

   95% KM UTL with    90% Coverage 1.347

Assuming Gamma Distribution    95% KM Chebyshev UPL 1.677

5% K-S Critical Value 0.332 SD 0.149

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.0534

5% A-D Critical Value 0.697 Kaplan-Meier (KM) Method

K-S Test Statistic 0.181 Mean 0.996

A-D Test Statistic 0.226 Nonparametric Statistics

Theta Star 0.0461

nu star 275.9

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 22.99 Data appear Normal at 5% Significance Level

95% Percentile (z) 1.253

99% Percentile (z) 1.383

   95% UPL (t) 1.304

90% Percentile (z) 1.188

SD in Log Scale 0.145

   95% UTL   90% Coverage 1.389

SD in Original Scale 0.153

Mean in Log Scale -0.0134

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

Mean in Original Scale 0.996
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Upper Threshold Limit Based upon IQR 62.8

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 71.35    95% UPL 67.2

   95% Chebyshev UPL 86.17

90% Percentile 59.48    95% Percentile Bootstrap UTL with   90% Coverage 67.2

95% Percentile 63.45    95% BCA Bootstrap UTL with   90% Coverage 67.2

Assuming Gamma Distribution    95% UTL with   90% Coverage 67.2

5% K-S Critical Value 0.266 99% Percentile 67.2

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 65.71

K-S Test Statistic 0.163 95% Percentile 67.2

A-D Test Statistic 0.316 Nonparametric Statistics

Theta Star 1.782

nu star 531.8

Gamma Distribution Test Data Distribution Test

k star 26.59 Data appear Normal at 5% Significance Level

95% Percentile (z) 61.34 95% Percentile (z) 61.71

99% Percentile (z) 67.12 99% Percentile (z) 69.22

   95% UPL (t) 63.7    95% UPL (t) 64.66

90% Percentile (z) 58.26 90% Percentile (z) 58.04

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 67.37    95% UTL with   90% Coverage 69.55

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.897 Shapiro Wilk Test Statistic 0.947

Skewness 1.347

Background Statistics

SD 8.482 SD 0.169

Coefficient of Variation 0.179

Third Quartile 50.35 Third Quartile 3.919

Mean 47.39 Mean 3.845

First Quartile 42.05 First Quartile 3.738

Median 46.4 Median 3.837

Maximum 67.2 Maximum 4.208

Second Largest 52.3 Second Largest 3.957

Raw Statistics Log-Transformed Statistics

Minimum 36.6 Minimum 3.6

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10

Result (sodium)
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Upper Threshold Limit Based upon IQR 2.538

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 2.662    95% UPL 2.5

   95% Chebyshev UPL 3.003

90% Percentile 2.405    95% Percentile Bootstrap UTL with   90% Coverage 2.5

95% Percentile 2.492    95% BCA Bootstrap UTL with   90% Coverage 2.1

Assuming Gamma Distribution    95% UTL with   90% Coverage 2.5

5% K-S Critical Value 0.266 99% Percentile 2.5

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 2.47

K-S Test Statistic 0.223 95% Percentile 2.5

A-D Test Statistic 0.434 Nonparametric Statistics

Theta Star 0.0226

nu star 1876

Gamma Distribution Test Data Distribution Test

k star 93.82 Data appear Normal at 5% Significance Level

95% Percentile (z) 2.438 95% Percentile (z) 2.454

99% Percentile (z) 2.569 99% Percentile (z) 2.611

   95% UPL (t) 2.491    95% UPL (t) 2.517

90% Percentile (z) 2.368 90% Percentile (z) 2.374

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 2.575    95% UTL with   90% Coverage 2.618

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.932 Shapiro Wilk Test Statistic 0.936

Skewness 0.226

SD 0.193 SD 0.0912

Coefficient of Variation 0.0911

Third Quartile 2.2 Third Quartile 0.788

Mean 2.12 Mean 0.748

First Quartile 1.975 First Quartile 0.68

Median 2.15 Median 0.765

Maximum 2.5 Maximum 0.916

Second Largest 2.2 Second Largest 0.788

Raw Statistics Log-Transformed Statistics

Minimum 1.8 Minimum 0.588

Result (thallium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 6
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Upper Threshold Limit Based upon IQR 81.66

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 77.29    95% UPL 64.4

   95% Chebyshev UPL 90.71

90% Percentile 65.33    95% Percentile Bootstrap UTL with   90% Coverage 64.4

95% Percentile 69.34    95% BCA Bootstrap UTL with   90% Coverage 64.4

Assuming Gamma Distribution    95% UTL with   90% Coverage 64.4

5% K-S Critical Value 0.266 99% Percentile 64.4

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.724 90% Percentile 64.33

K-S Test Statistic 0.17 95% Percentile 64.4

A-D Test Statistic 0.299 Nonparametric Statistics

Theta Star 1.673

nu star 633.3

Gamma Distribution Test Data Distribution Test

k star 31.67 Data appear Normal at 5% Significance Level

95% Percentile (z) 66.55 95% Percentile (z) 67.92

99% Percentile (z) 72.17 99% Percentile (z) 75.64

   95% UPL (t) 68.84    95% UPL (t) 70.97

90% Percentile (z) 63.55 90% Percentile (z) 64.14

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 72.41    95% UTL with   90% Coverage 75.98

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.944 Shapiro Wilk Test Statistic 0.946

Skewness 0.0283

Background Statistics

SD 8.255 SD 0.158

Coefficient of Variation 0.156

Third Quartile 60.55 Third Quartile 4.103

Mean 52.97 Mean 3.959

First Quartile 46.48 First Quartile 3.839

Median 52.9 Median 3.967

Maximum 64.4 Maximum 4.165

Second Largest 63.7 Second Largest 4.154

Raw Statistics Log-Transformed Statistics

Minimum 40.3 Minimum 3.696

Result (vanadium)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 10
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Upper Threshold Limit Based upon IQR 377.5

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

99% Percentile 326.9    95% UPL 243

   95% Chebyshev UPL 405.8

90% Percentile 236.6    95% Percentile Bootstrap UTL with   90% Coverage 243

95% Percentile 265.9    95% BCA Bootstrap UTL with   90% Coverage 243

Assuming Gamma Distribution    95% UTL with   90% Coverage 243

5% K-S Critical Value 0.267 99% Percentile 243

Data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.725 90% Percentile 241.9

K-S Test Statistic 0.208 95% Percentile 243

A-D Test Statistic 0.582 Nonparametric Statistics

Theta Star 22.3

nu star 141.2

Gamma Distribution Test Data Distribution Test

k star 7.06 Data appear Normal at 5% Significance Level

95% Percentile (z) 246.8 95% Percentile (z) 258.4

99% Percentile (z) 283.8 99% Percentile (z) 324.1

   95% UPL (t) 261.9    95% UPL (t) 283.4

90% Percentile (z) 227.1 90% Percentile (z) 229

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage 285.4    95% UTL with   90% Coverage 327.1

Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic 0.858 Shapiro Wilk Test Statistic 0.903

Skewness 0.715

SD 54.32 SD 0.332

Coefficient of Variation 0.345

Third Quartile 223.8 Third Quartile 5.41

Mean 157.5 Mean 5.008

First Quartile 121.3 First Quartile 4.795

Median 134.5 Median 4.9

Maximum 243 Maximum 5.493

Second Largest 232 Second Largest 5.447

Raw Statistics Log-Transformed Statistics

Minimum 94.6 Minimum 4.55

Result (zinc)

General Statistics

Total Number of Observations 10 Number of Distinct Observations 9
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10 10

8330 9.028

29700 10.3

24500 10.11

10203 9.23

21800 9.989

23900 10.08

19354 9.79

7245 0.451

0.374

-0.553

0.87 0.814

0.842 0.842

36417 51680

33284 42516

28639 31833

31272 37506

36210 51016

4.505

4296

90.1

0.935

0.728 29180

0.314 29700

0.267 29700

29700

31569 29700

36373 29700

46573 29700

52478

44446

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (aluminum)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 1

1 9

10 10

1.6 0.47

22.7 3.122

21.4 3.063

6.25 1.806

13.25 2.583

18.85 2.934

12.89 2.328

7.05 0.838

0.547

-0.248

0.962 0.849

0.842 0.842

29.49 73.79

26.44 51.36

21.92 30.02

24.49 40.7

29.29 72.0499% Percentile (z) 99% Percentile (z)

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Mean Mean

SD SD

Coefficient of Variation

First Quartile First Quartile

Median Median

Third Quartile Third Quartile

Minimum Minimum

Maximum Maximum

Second Largest Second Largest

General Statistics

Total Number of Observations Number of Distinct Observations

Raw Statistics Log-Transformed Statistics

The data set for variable Result (antimony) was not processed!

Result (arsenic)

Number of Distinct Detected Data Number of Non-Detect Data

Warning: Only one distinct data value was detected! ProUCL (or any other software) should not be used on such a data set!

It is suggested to use alternative site specific values determined by the Project Team to estimate environmental parameters (e.g., EPC, BTV).

Result (antimony)

General Statistics

Number of Valid Data Number of Detected Data
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1.705

7.561

34.1

0.454

0.734 22.57

0.235 22.7

0.269 22.7

22.7

26.04 22.7

32.19 22.7

45.95 22.7

45.12

37.75Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

Assuming Gamma Distribution    95% UTL with   90% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

Data appear Gamma Distributed at 5% Significance Level

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile

k star Data appear Normal at 5% Significance Level

Theta Star

nu star

Gamma Distribution Test Data Distribution Test
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10 10

106 4.663

535 6.282

216 5.375

130.3 4.864

166 5.112

205.5 5.325

198.2 5.175

123.8 0.457

0.625

2.66

0.649 0.846

0.842 0.842

489.7 518.9

436.2 425.9

356.8 317.7

401.8 375.1

486.2 512.2

3.252

60.94

65.05

0.866

0.729 503.1

0.266 535

0.268 535

535

345.6 535

406.5 535

538 535

764.1

318.4

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data follow Appx. Gamma Distribution at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (barium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 8

8 2

20.00%

0.25 -1.386

0.96 -0.0408

0.565 -0.661

0.237 0.478

0.41 -0.892

0.55 -0.598

5

5

50.00%

0.948 0.894

0.818 0.818

0.5 -0.817

0.25 0.538

1.09 1.569

0.981 1.243

0.821 0.881

0.912 1.071

1.082 1.545

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL   90% Coverage    95% UTL   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean (Log Scale)

SD SD (Log Scale)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Warning:  There are only 8 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (beryllium)

General Statistics

Number of Valid Data Number of Detected Data
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0.541 0.512

0.211 0.237

1.039 1.437

0.96

0.96

0.948 1.167

0.812 0.857

0.889 1.021

1.033 1.417

3.636

0.155

58.17

0.392

0.719

0.205 0.509

0.295 0.23

0.0788

1.051

1.562

0.952

0.534 0.804

0.535 0.888

0.22 1.045

4.503

0.119

90.06

16.93

0.871

1.004

1.28599% Percentile

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

   95% Percentile of Chisquare (2k)

90% Percentile

95% Percentile

k star

Theta star

Nu star

Mean 90% Percentile (z)

Median 95% Percentile (z)

SD 99% Percentile (z)

   95% KM UTL with    90% Coverage

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% BCA UTL with   90% Coverage

   95% Bootstrap (%) UTL with   90% Coverage

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Original Scale

SD SD in Original Scale
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10 1

1 9

The data set for variable Result (cadmium) was not processed!

Number of Distinct Detected Data Number of Non-Detect Data

Warning: Only one distinct data value was detected! ProUCL (or any other software) should not be used on such a data set!

It is suggested to use alternative site specific values determined by the Project Team to estimate environmental parameters (e.g., EPC, BTV).

Result (cadmium)

General Statistics

Number of Valid Data Number of Detected Data
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10 10

3340 8.114

10600 9.269

8790 9.081

4000 8.291

7585 8.934

8618 9.061

6823 8.759

2448 0.41

0.359

-0.278

0.922 0.873

0.842 0.842

12588 16723

11529 14006

9960 10769

10849 12499

12518 16528

5.252

1299

105

0.579

0.727 10419

0.237 10600

0.267 10600

10600

10808 10600

12341 10600

15574 10600

18014

15544Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

Assuming Gamma Distribution    95% UTL with   90% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

Data appear Gamma Distributed at 5% Significance Level

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile

k star Data appear Normal at 5% Significance Level

Theta Star

nu star

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test Data Distribution Test

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Mean Mean

SD SD

Coefficient of Variation

First Quartile First Quartile

Median Median

Third Quartile Third Quartile

Minimum Minimum

Maximum Maximum

Second Largest Second Largest

General Statistics

Total Number of Observations Number of Distinct Observations

Raw Statistics Log-Transformed Statistics

Result (calcium)
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10 10

4.4 1.482

26.2 3.266

24.6 3.203

7.6 2.024

16.5 2.803

22.8 3.126

15.75 2.612

7.724 0.613

0.49

-0.177

0.942 0.9

0.842 0.842

33.94 57.76

30.6 44.31

25.65 29.91

28.45 37.37

33.72 56.75

2.601

6.056

52.01

0.388

0.73 26.04

0.2 26.2

0.268 26.2

26.2

28.84 26.2

34.46 26.2

46.75 26.2

51.06

45.6

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (chromium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

8 2.079

39.9 3.686

39.3 3.671

10.7 2.37

27.4 3.306

36.53 3.597

24.9 3.074

12.11 0.602

0.486

-0.239

0.907 0.865

0.842 0.842

53.43 89.16

48.19 68.74

40.42 46.75

44.83 58.17

53.08 87.64

2.66

9.362

53.19

0.55

0.73 39.84

0.204 39.9

0.268 39.9

39.9

45.36 39.9

54.12 39.9

73.24 39.9

80.28

75.26

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (cobalt)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

12.9 2.557

424 6.05

102 4.625

23.83 3.163

65.4 4.181

91.5 4.514

94.56 4.079

119.5 0.986

1.264

2.794

0.602 0.925

0.842 0.842

376.1 602.9

324.4 393.6

247.8 209.1

291.2 299.3

372.7 586.1

0.909

104.1

18.17

0.67

0.745 391.8

0.248 424

0.273 424

424

222.9 424

293.1 424

457.2 424

641.1

193

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (copper)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

21300 9.966

86700 11.37

65600 11.09

24650 10.11

60100 11

64325 11.07

52030 10.76

21893 0.51

0.421

-0.328

0.879 0.816

0.842 0.842

103587 155992

94120 125129

80086 90245

88040 108609

102960 153730

3.588

14501

71.76

0.889

0.729 84590

0.257 86700

0.267 86700

86700

88860 86700

103850 86700

136041 86700

152115

123838

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data follow Appx. Gamma Distribution at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (iron)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

3.1 1.131

18.3 2.907

14.8 2.695

6.375 1.845

10.7 2.37

13.45 2.597

10.32 2.224

4.548 0.531

0.441

0.082

0.987 0.932

0.842 0.842

21.03 32.32

19.06 25.68

16.15 18.27

17.8 22.16

20.9 31.83

3.369

3.063

67.38

0.25

0.729 17.95

0.184 18.3

0.268 18.3

18.3

17.86 18.3

20.96 18.3

27.64 18.3

31.11

24.06

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (lead)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

3130 8.049

13500 9.51

10800 9.287

4478 8.406

9715 9.181

10725 9.28

8584 8.961

3426 0.499

0.399

-0.573

0.879 0.821

0.842 0.842

16653 25226

15171 20333

12975 14771

14220 17704

16555 24868

3.816

2249

76.33

0.898

0.729 13230

0.307 13500

0.267 13500

13500

14475 13500

16849 13500

21932 13500

24248

20096

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (magnesium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

497 6.209

2540 7.84

1550 7.346

669 6.505

1185 7.076

1475 7.296

1193 6.974

602.1 0.496

0.505

1.154

0.901 0.964

0.842 0.842

2611 3438

2351 2774

1965 2019

2183 2417

2594 3389

3.362

354.9

67.24

0.266

0.729 2441

0.139 2540

0.268 2540

2540

2066 2540

2425 2540

3198 2540

3945

2684

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (manganese)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 2

2 8

80.00%

0.02 -3.912

0.051 -2.976

0.0355 -3.444

0.0219 0.662

0.034 -3.381

0.15 -1.897

10

0

100.00%

1 1

    N/A        N/A    

0.0454 -3.183

0.0177 0.481

0.0871 0.129

0.0794 0.104

0.0681 0.0768

0.0745 0.0914

0.0866 0.127

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL   90% Coverage    95% UTL   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean (Log Scale)

SD SD (Log Scale)

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

Warning: Data set has only 2 Distinct Detected Values.

This may not be adequate enough to compute meaningful and reliable test statistics and estimates.

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

Unless Data Quality Objectives (DQOs) have been met, it is suggested to collect additional observations.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (mercury)

General Statistics

Number of Valid Data Number of Detected Data
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N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

0.341 0.0303

    N/A    0.0146

0.0119

0.0647

0.0971

0.0584

    N/A    0.0491

    N/A    0.0544

    N/A    0.0643

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    99% Percentile

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

   95% Percentile of Chisquare (2k)

90% Percentile

95% Percentile

k star

Theta star

Nu star

Mean 90% Percentile (z)

Median 95% Percentile (z)

SD 99% Percentile (z)

   95% KM UTL with    90% Coverage

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

99% Percentile (z)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% UPL (t)

90% Percentile (z)

95% Percentile (z)

Mean in Log Scale

SD in Log Scale

   95% UTL   90% Coverage

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Original Scale

SD in Original Scale
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10 10

4.4 1.482

25.2 3.227

24.7 3.207

6.675 1.898

17.95 2.888

23.5 3.157

16.06 2.623

7.84 0.639

0.488

-0.425

0.894 0.842

0.842 0.842

34.52 62.03

31.13 47.06

26.11 31.25

28.96 39.41

34.3 60.91

2.463

6.52

49.27

0.669

0.731 25.15

0.25 25.2

0.268 25.2

25.2

29.77 25.2

35.72 25.2

48.76 25.2

51.9

48.74

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (nickel)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

178 5.182

1160 7.056

769 6.645

402 5.992

546.5 6.303

677.5 6.516

565.7 6.235

265.6 0.5

0.47

1.074

0.931 0.957

0.842 0.842

1191 1655

1076 1333

906.1 967.8

1003 1161

1184 1631

3.559

159

71.18

0.229

0.729 1121

0.125 1160

0.267 1160

1160

967.8 1160

1132 1160

1484 1160

1780

1091

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (potassium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 9

9 1

10.00%

0.27 -1.309

1.6 0.47

0.741 -0.433

0.407 0.561

3.8 1.335

3.8 1.335

0.888 0.933

0.829 0.829

0.857 -0.326

0.53 0.629

2.106 3.173

1.877 2.418

1.537 1.616

1.729 2.03

2.091 3.116

N/A

0.732

0.384

-0.433

0.529

2.252

1.792

1.277

1.547

2.218

90% Percentile (z)

95% Percentile (z)

99% Percentile (z)

SD in Log Scale

   95% UTL   90% Coverage

   95% UPL (t)

Mean in Original Scale

SD in Original Scale

Mean in Log Scale

99% Percentile (z) 99% Percentile (z)

Maximum Likelihood Estimate(MLE) Method Log ROS Method

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Mean Mean (Log Scale)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Warning:  There are only 9 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (selenium)

General Statistics

Number of Valid Data Number of Detected Data
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2.671

0.277

48.08

0.365

0.725

0.212 0.741

0.281 0.383

0.136

1.644

2.494

1.478

0.746 1.232

0.715 1.372

0.384 1.633

3.081

0.242

61.61

12.83

1.315

1.553

2.068

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

90% Percentile

95% Percentile

99% Percentile

Theta star

Nu star

   95% Percentile of Chisquare (2k)

Median 95% Percentile (z)

SD 99% Percentile (z)

k star

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level
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10 6

4 4

40.00%

1.5 0.405

2.6 0.956

1.967 0.663

0.356 0.176

0.72 -0.329

1.1 0.0953

4

6

40.00%

0.854 0.879

0.788 0.788

1.376 0.107

0.809 0.739

3.281 6.346

2.931 4.61

2.413 2.87

2.707 3.754

3.258 6.213

1.969 1.679

0.325 0.459

2.734 3.044

2.6

2.6

2.594 2.713

2.385 2.287

2.503 2.519

2.725 3.021

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% BCA UTL with   90% Coverage

   95% Bootstrap (%) UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

Mean Mean in Original Scale

SD SD in Original Scale

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

99% Percentile (z) 99% Percentile (z)

Maximum Likelihood Estimate(MLE) Method Log ROS Method

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Mean Mean (Log Scale)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning:  There are only 4 Distinct Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Result (silver)

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data
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19.34

0.102

232.1

0.575

0.697

0.27 1.78

0.332 0.34

0.118

2.581

3.334

2.434

1.905 2.216

1.9 2.339

0.285 2.571

37.96

0.0502

759.2

97.26

2.31

2.44

2.697

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

90% Percentile

95% Percentile

99% Percentile

Theta star

Nu star

   95% Percentile of Chisquare (2k)

Median 95% Percentile (z)

SD 99% Percentile (z)

k star

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level
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10 10

29.8 3.395

129 4.86

115 4.745

64.4 4.153

78.7 4.366

111.3 4.712

81.82 4.33

30.17 0.434

0.369

-0.0864

0.964 0.909

0.842 0.842

152.9 211

139.8 174.9

120.5 132.4

131.4 155

152 208.4

4.87

16.8

97.4

0.341

0.728 127.6

0.191 129

0.267 129

129

131.5 129

150.8 129

191.6 129

219.7

181.5

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (sodium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 9

9 1

10.00%

1.2 0.182

5.9 1.775

3.311 1.062

1.662 0.58

2.1 0.742

2.1 0.742

0.904 0.888

0.829 0.829

3.085 0.96

1.722 0.634

7.141 11.63

6.396 8.839

5.292 5.887

5.918 7.412

7.091 11.42

2.813 3.137

2.037 1.66

7.61 10.66

5.9

5.9

6.729 8.297

5.424 5.72

6.164 7.062

7.552 10.49

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% BCA UTL with   90% Coverage

   95% Bootstrap (%) UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

Mean Mean in Original Scale

SD SD in Original Scale

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

99% Percentile (z) 99% Percentile (z)

Maximum Likelihood Estimate(MLE) Method Log ROS Method

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Mean Mean (Log Scale)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Warning:  There are only 9 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (thallium)

General Statistics

Number of Valid Data Number of Detected Data
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2.637

1.255

47.47

0.546

0.725

0.282 3.13

0.281 1.585

0.533

6.863

10.38

6.178

3.162 5.161

3.15 5.737

1.636 6.818

2.756

1.148

55.11

11.85

5.716

6.802

9.168

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

90% Percentile

95% Percentile

99% Percentile

Theta star

Nu star

   95% Percentile of Chisquare (2k)

Median 95% Percentile (z)

SD 99% Percentile (z)

k star

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

5% K-S Critical Value SD

Data follow Appx. Gamma Distribution at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level
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10 10

31 3.434

234 5.455

202 5.308

40.75 3.703

150.5 5.013

177.3 5.174

127.5 4.634

72 0.765

0.565

-0.213

0.913 0.834

0.842 0.842

297.1 623.2

266 447.7

219.8 274.3

246 362.1

295 609.7

1.809

70.49

36.19

0.694

0.734 230.8

0.254 234

0.269 234

234

254 234

312.4 234

442.6 234

456.7

382

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (vanadium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 9

48.8 3.888

126 4.836

109 4.691

56.4 4.031

98 4.585

109 4.691

89.87 4.45

26.97 0.345

0.3

-0.65

0.855 0.81

0.842 0.842

153.4 192.9

141.7 166.2

124.4 133.2

134.2 151

152.6 191

7.346

12.23

146.9

0.955

0.725 124.3

0.339 126

0.267 126

126

134.1 126

150.4 109

184.3 126

213.2

187.9

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (zinc)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

27300 10.21

48200 10.78

39500 10.58

29950 10.31

33200 10.41

38375 10.56

34700 10.44

6057 0.165

0.175

1.219

0.916 0.956

0.842 0.842

48965 50532

46346 47052

42463 42330

44663 44945

48791 50293

27.77

1250

555.4

0.276

0.724 47330

0.153 48200

0.266 48200

48200

43361 48200

46194 48200

51827 48200

62392

51013

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (aluminum)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 7

3 3

30.00%

6.5 1.872

6.8 1.917

6.586 1.885

0.107 0.0161

6.5 1.872

8.1 2.092

10

0

100.00%

0.78 0.783

0.803 0.803

5.665 1.695

1.501 0.312

9.2 11.35

8.551 9.918

7.589 8.121

8.134 9.095

9.157 11.25

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

   95% UPL (t)    95% UPL (t)

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean (Log Scale)

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Warning:  There are only 3 Distinct Detected Values in this data set

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (antimony)

General Statistics

Number of Valid Data Number of Detected Data
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N/A

6.532

0.134

1.877

0.0204

6.853

6.793

6.704

6.754

6.849

2559

0.00257

35830

0.757

0.708

0.298 6.567

0.311 0.0943

0.0339

6.789

6.998

6.748

6.569 6.687

6.554 6.722

0.101 6.786

3317

0.00198

66346

6825

6.715

6.757

6.837

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

95% Percentile

99% Percentile

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

Nu star

   95% Percentile of Chisquare (2k)

90% Percentile

SD 99% Percentile (z)

k star

Theta star

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

Median 95% Percentile (z)

Data follow Appx. Gamma Distribution at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

Assuming Gamma Distribution    95% KM Chebyshev UPL

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data follow Appr. Gamma Distribution at 5% Significance Level

Theta Star

95% Percentile (z)

99% Percentile (z)

   95% UTL   90% Coverage

   95% UPL (t)

90% Percentile (z)

SD in Original Scale

Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Original Scale
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10 10

7.1 1.96

18.5 2.918

13.9 2.632

7.725 2.044

8.85 2.179

13.38 2.593

10.67 2.317

3.754 0.327

0.352

1.074

0.853 0.889

0.842 0.842

19.51 21.89

17.89 19.01

15.48 15.42

16.84 17.36

19.4 21.69

7.132

1.496

142.6

0.608

0.725 18.04

0.234 18.5

0.267 18.5

18.5

16 18.5

17.98 18.5

22.08 18.5

27.83

21.85Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

Assuming Gamma Distribution    95% UTL with   90% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

Data appear Gamma Distributed at 5% Significance Level

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile

k star Data appear Normal at 5% Significance Level

Theta Star

nu star

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test Data Distribution Test

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Mean Mean

SD SD

Coefficient of Variation

First Quartile First Quartile

Median Median

Third Quartile Third Quartile

Minimum Minimum

Maximum Maximum

Second Largest Second Largest

General Statistics

Total Number of Observations Number of Distinct Observations

Raw Statistics Log-Transformed Statistics

Result (arsenic)
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373 5.922

2020 7.611

1050 6.957

509.8 6.231

794 6.676

1013 6.92

850.1 6.627

476.8 0.5

0.561

1.759

0.826 0.954

0.842 0.842

1973 2450

1767 1974

1461 1433

1634 1718

1959 2415

3.129

271.7

62.58

0.339

0.729 1923

0.169 2020

0.268 2020

2020

1494 2020

1763 2020

2343 2020

3030

1767

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (barium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 8

0.66 -0.416

1.3 0.262

1.3 0.262

0.835 -0.182

1.05 0.0477

1.225 0.202

1.017 -0.00596

0.222 0.229

0.218

-0.202

0.949 0.94

0.842 0.842

1.539 1.706

1.443 1.545

1.301 1.334

1.382 1.449

1.533 1.694

15.52

0.0655

310.4

0.266

0.725 1.3

0.171 1.3

0.266 1.3

1.3

1.359 1.3

1.476 1.3

1.712 1.3

2.03

1.81

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (beryllium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 0

0 10

10 10

14300 9.568

26300 10.18

23600 10.07

15400 9.642

16500 9.711

22025 9.999

18170 9.787

4110 0.209

0.226

1.202

0.81 0.84

0.842 0.842

27850 29115

26073 26599

23438 23264

24931 25099

27732 28941

17.07

1065

341.3

k star Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test Data Distribution Test

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Mean Mean

SD SD

Coefficient of Variation

First Quartile First Quartile

Median Median

Third Quartile Third Quartile

Minimum Minimum

Maximum Maximum

Second Largest Second Largest

General Statistics

Total Number of Observations Number of Distinct Observations

Raw Statistics Log-Transformed Statistics

The data set for variable Result (cadmium) was not processed!

Result (calcium)

Number of Distinct Detected Data Number of Non-Detect Data

Warning: All observations are Non-Detects (NDs), therefore all statistics and estimates should also be NDs!

Specifically, sample mean, UCLs, UPLs, and other statistics are also NDs lying below the largest detection limit!

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

Result (cadmium)

General Statistics

Number of Valid Data Number of Detected Data
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0.885

0.725 26030

0.334 26300

0.266 26300

26300

23985 26300

25958 26300

29934 26300

36961

31963Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

Assuming Gamma Distribution    95% UTL with   90% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

Data not Gamma Distributed at 5% Significance Level

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile
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10 10

21.7 3.077

70.2 4.251

67.2 4.208

34.7 3.54

39.65 3.679

56.03 4.02

43.77 3.721

15.59 0.362

0.356

0.604

0.93 0.96

0.842 0.842

80.49 96.82

73.75 82.8

63.75 65.67

69.42 74.89

80.04 95.82

6.251

7.002

125

0.272

0.726 69.9

0.152 70.2

0.267 70.2

70.2

67.17 70.2

75.97 70.2

94.38 70.2

115.1

88.01

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (chromium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

28.8 3.36

42.1 3.74

38.4 3.648

29.98 3.4

32.15 3.47

34.58 3.541

33.02 3.49

4.179 0.119

0.127

1.426

0.841 0.871

0.842 0.842

42.86 43.44

41.05 41.26

38.38 38.22

39.89 39.91

42.74 43.29

52.74

0.626

1055

0.644

0.724 41.73

0.256 42.1

0.266 42.1

42.1

38.96 42.1

40.84 42.1

44.51 42.1

52.12

41.48

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (cobalt)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

45.2 3.811

112 4.718

100 4.605

63.23 4.142

74.4 4.309

98.43 4.589

77.31 4.314

20.88 0.28

0.27

0.21

0.96 0.959

0.842 0.842

126.5 144.5

117.5 128

104.1 107

111.7 118.4

125.9 143.4

10.39

7.441

207.8

0.255

0.725 110.8

0.152 112

0.266 112

112

109.2 112

120.5 112

143.7 112

172.8

151.2

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (copper)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

27200 10.21

42200 10.65

34700 10.45

27875 10.24

30450 10.32

32900 10.4

31460 10.35

4406 0.13

0.14

1.782

0.825 0.87

0.842 0.842

41836 42342

39931 40036

37106 36846

38707 38621

41710 42185

44.26

710.8

885.3

0.573

0.724 41450

0.2 42200

0.266 42200

42200

37652 42200

39621 42200

43493 42200

51602

40438

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (iron)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

8.1 2.092

19.4 2.965

18.2 2.901

8.85 2.18

10.3 2.332

14.3 2.649

11.8 2.424

3.958 0.302

0.335

1.296

0.813 0.877

0.842 0.842

21.12 22.98

19.41 20.17

16.87 16.62

18.31 18.55

21.01 22.79

8.147

1.448

162.9

0.67

0.725 19.28

0.231 19.4

0.267 19.4

19.4

17.31 19.4

19.32 19.4

23.47 19.4

29.9

22.48

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (lead)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 9

9 1

10.00%

22000 9.999

46200 10.74

28856 10.25

7089 0.214

26200 10.17

26200 10.17

0.774 0.863

0.829 0.829

27280 10.17

8337 0.316

46913 54953

43308 47944

37964 39163

40993 43921

46674 54458

25371 28361

9661 6865

48122 45343

46200

46200

43945 41436

37752 36255

41262 39106

47846 45073

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% BCA UTL with   90% Coverage

   95% Bootstrap (%) UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

Mean Mean in Original Scale

SD SD in Original Scale

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

99% Percentile (z) 99% Percentile (z)

Maximum Likelihood Estimate(MLE) Method Log ROS Method

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Mean Mean (Log Scale)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Warning:  There are only 9 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (magnesium)

General Statistics

Number of Valid Data Number of Detected Data
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15.19

1900

273.4

0.627

0.721

0.263 28393

0.279 6510

2191

43723

58154

40908

28514 36735

26850 39100

6771 43537

17.1

1668

342

48.84

37630

40722

46954

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

90% Percentile

95% Percentile

99% Percentile

Theta star

Nu star

   95% Percentile of Chisquare (2k)

Median 95% Percentile (z)

SD 99% Percentile (z)

k star

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level
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10 10

716 6.574

1070 6.975

999 6.907

765.5 6.64

821.5 6.711

948 6.854

850.7 6.738

114.9 0.13

0.135

0.9

0.914 0.935

0.842 0.842

1121 1147

1072 1084

998 997.5

1040 1046

1118 1143

44.93

18.93

898.6

0.375

0.724 1063

0.175 1070

0.266 1070

1070

1017 1070

1070 1070

1173 1070

1376

1222

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (manganese)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 3

3 7

70.00%

0.017 -4.075

0.029 -3.54

0.0213 -3.877

0.00666 0.293

0.1 -2.303

0.14 -1.966

10

0

100.00%

0.812 0.829

0.767 0.767

0.0459 -3.179

0.018 0.509

0.0883 0.138

0.0805 0.111

0.0689 0.0799

0.0755 0.0961

0.0877 0.136

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

   95% UPL (t)    95% UPL (t)

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean (Log Scale)

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Warning:  There are only 3 Distinct Detected Values in this data set

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (mercury)

General Statistics

Number of Valid Data Number of Detected Data
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N/A

0.0213

0.00526

-3.877

0.241

0.0365

0.0329

0.0282

0.0308

0.0363

    N/A    

    N/A    

    N/A    

0.504

    N/A    

0.391 0.0213

    N/A    0.00544

0.00384

0.0341

0.0462

0.0318

    N/A    0.0283

    N/A    0.0303

    N/A    0.034

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

95% Percentile

99% Percentile

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

Nu star

   95% Percentile of Chisquare (2k)

90% Percentile

SD 99% Percentile (z)

k star

Theta star

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

Median 95% Percentile (z)

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

Assuming Gamma Distribution    95% KM Chebyshev UPL

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z)

99% Percentile (z)

   95% UTL   90% Coverage

   95% UPL (t)

90% Percentile (z)

SD in Original Scale

Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Original Scale
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10 9

180 5.193

266 5.583

222 5.403

193.8 5.267

205 5.323

221.3 5.399

209.6 5.34

23.75 0.107

0.113

1.504

0.882 0.92

0.842 0.842

265.5 268.5

255.3 256.3

240 239.3

248.7 248.8

264.9 267.7

65.28

3.211

1306

0.401

0.724 261.6

0.176 266

0.266 266

266

243.5 266

254 266

274.6 266

318.2

262.5Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

Assuming Gamma Distribution    95% UTL with   90% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

Data appear Gamma Distributed at 5% Significance Level

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile

k star Data appear Normal at 5% Significance Level

Theta Star

nu star

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test Data Distribution Test

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Mean Mean

SD SD

Coefficient of Variation

First Quartile First Quartile

Median Median

Third Quartile Third Quartile

Minimum Minimum

Maximum Maximum

Second Largest Second Largest

General Statistics

Total Number of Observations Number of Distinct Observations

Raw Statistics Log-Transformed Statistics

Result (nickel)
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10 9

731 6.594

1310 7.178

1100 7.003

917.8 6.819

1070 6.975

1093 6.996

1024 6.919

163.3 0.168

0.159

-0.371

0.913 0.891

0.842 0.842

1409 1502

1338 1397

1233 1254

1293 1333

1404 1495

28.83

35.52

576.6

0.622

0.724 1289

0.211 1310

0.266 1310

1310

1275 1310

1357 1310

1519 1310

1771

1355

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (potassium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 9

9 1

10.00%

0.32 -1.139

1.4 0.336

0.793 -0.306

0.316 0.422

3.8 1.335

3.8 1.335

0.957 0.958

0.829 0.829

0.904 -0.211

0.459 0.498

1.986 2.617

1.787 2.11

1.493 1.533

1.66 1.837

1.973 2.58

N/A

0.788

0.298

-0.306

0.398

1.879

1.582

1.226

1.417

1.858

90% Percentile (z)

95% Percentile (z)

99% Percentile (z)

SD in Log Scale

   95% UTL   90% Coverage

   95% UPL (t)

Mean in Original Scale

SD in Original Scale

Mean in Log Scale

99% Percentile (z) 99% Percentile (z)

Maximum Likelihood Estimate(MLE) Method Log ROS Method

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Mean Mean (Log Scale)

SD SD (Log Scale)

   95% UTL   90% Coverage    95% UTL   90% Coverage

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Warning:  There are only 9 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (selenium)

General Statistics

Number of Valid Data Number of Detected Data
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4.658

0.17

83.85

0.227

0.722

0.16 0.793

0.28 0.298

0.105

1.495

2.155

1.366

0.798 1.175

0.785 1.283

0.298 1.486

5.391

0.148

107.8

19.38

1.258

1.434

1.806

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

90% Percentile

95% Percentile

99% Percentile

Theta star

Nu star

   95% Percentile of Chisquare (2k)

Median 95% Percentile (z)

SD 99% Percentile (z)

k star

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

Mean 90% Percentile (z)

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM UTL with    90% Coverage

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level
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10 7

1.3 0.262

2.3 0.833

1.8 0.588

1.375 0.318

1.5 0.405

1.725 0.545

1.58 0.443

0.301 0.174

0.191

1.674

0.838 0.891

0.842 0.842

2.289 2.346

2.159 2.176

1.966 1.946

2.075 2.073

2.28 2.334

24.43

0.0647

488.7

0.486

0.724 2.25

0.198 2.3

0.266 2.3

2.3

2.001 2.3

2.14 2.3

2.417 2.3

2.957

2.25

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (silver)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

1080 6.985

5990 8.698

4530 8.418

1580 7.365

1770 7.479

4140 8.327

2641 7.73

1629 0.557

0.617

1.231

0.817 0.9

0.842 0.842

6478 8449

5774 6640

4729 4646

5321 5688

6432 8315

2.52

1048

50.41

0.701

0.731 5844

0.291 5990

0.268 5990

5990

4870 5990

5833 5990

7942 5990

10090

7980

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data follow Appx. Gamma Distribution at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data Follow Appr. Gamma Distribution at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (sodium)

General Statistics

Total Number of Observations Number of Distinct Observations



 Background Area 3 Statistics

Page 25 of 28

10 3

2 7

70.00%

1.8 0.588

2.6 0.956

2.067 0.71

0.462 0.212

1.6 0.47

2.5 0.916

9

1

90.00%

0.75 0.75

0.767 0.767

1.27 0.153

0.605 0.417

2.695 3.114

2.433 2.6

2.046 1.99

2.265 2.316

2.678 3.077

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL   90% Coverage    95% UTL   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean (Log Scale)

SD SD (Log Scale)

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

Warning: Data set has only 2 Distinct Detected Values.

This may not be adequate enough to compute meaningful and reliable test statistics and estimates.

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

Unless Data Quality Objectives (DQOs) have been met, it is suggested to collect additional observations.

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Result (thallium)

General Statistics

Number of Valid Data Number of Detected Data
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N/A

1.45

0.49

0.328

0.298

2.799

2.461

2.033

2.265

2.775

    N/A    

    N/A    

    N/A    

0.619

    N/A    

0.427 1.88

    N/A    0.24

0.093

2.445

2.977

2.341

    N/A    2.188

    N/A    2.275

    N/A    2.438

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    99% Percentile

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV

For an Example: KM-UPL may be used when multiple detection limits are present

Note: DL/2 is not a recommended method.

   95% Percentile of Chisquare (2k)

90% Percentile

95% Percentile

k star

Theta star

Nu star

Mean 90% Percentile (z)

Median 95% Percentile (z)

SD 99% Percentile (z)

   95% KM UTL with    90% Coverage

Assuming Gamma Distribution    95% KM Chebyshev UPL

Gamma ROS Statistics with extrapolated Data    95% KM UPL (t)

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

99% Percentile (z)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% UPL (t)

90% Percentile (z)

95% Percentile (z)

Mean in Log Scale

SD in Log Scale

   95% UTL   90% Coverage

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Original Scale

SD in Original Scale
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10 10

41.5 3.726

66.9 4.203

66 4.19

49.2 3.895

57.45 4.05

65.93 4.189

56.87 4.028

9.346 0.172

0.164

-0.403

0.895 0.892

0.842 0.842

78.88 84.11

74.84 78.09

68.85 69.96

72.24 74.46

78.61 83.7

27.37

2.078

547.5

0.488

0.724 66.81

0.231 66.9

0.266 66.9

66.9

71.17 66.9

75.85 66.9

85.16 66.9

99.6

91.01

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (vanadium)

General Statistics

Total Number of Observations Number of Distinct Observations
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10 10

55.4 4.015

84.1 4.432

77.2 4.346

57.2 4.047

62.1 4.129

74.58 4.312

65.58 4.174

9.679 0.142

0.148

0.912

0.894 0.912

0.842 0.842

88.37 90.73

84.19 85.34

77.98 77.92

81.5 82.04

88.1 90.36

37.86

1.732

757.2

0.453

0.724 83.41

0.193 84.1

0.266 84.1

84.1

79.56 84.1

84.04 84.1

92.89 84.1

109.8

100.6

   95% Chebyshev UPL

Upper Threshold Limit Based upon IQR

Note: UPL (or upper percentile for gamma distributed data) represents a preferred estimate of BTV 

90% Percentile    95% Percentile Bootstrap UTL with   90% Coverage

95% Percentile    95% BCA Bootstrap UTL with   90% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   90% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Gamma Distribution Test Data Distribution Test

k star Data appear Normal at 5% Significance Level

Theta Star

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

   95% UTL with   90% Coverage    95% UTL with   90% Coverage

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Coefficient of Variation

Skewness

Background Statistics

Third Quartile Third Quartile

Mean Mean

SD SD

Second Largest Second Largest

First Quartile First Quartile

Median Median

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

Result (zinc)

General Statistics

Total Number of Observations Number of Distinct Observations
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Figure 1:  Arsenic Speciation Results (All Marked Groups) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide.
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Figure 2:  Arsenic Speciation Results (Background Soil Samples) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide. 
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Figure 3:  Arsenic Speciation Results (100 Series Background Group) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide.  Above are two samples 
from the 100 series background group.  The 200 and 300 series background samples were lower in concentrations relative to the 100 series 
background samples.  In all cases, arsenate (As V) is the oxidation state of arsenic and the bonding mechanism is sorption on an iron oxide. 
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Figure 4:  Arsenic Speciation Results (Iron King Mine Main Tailings Pile) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  There are two distinct peaks for As(III)-S bonds and As(V)-O bonds.  The As(III)-S feature is similar to arsenopyrite and the 
As(V)-O feature is for sorption on an Fe oxide.  Linear combination results found only As(V) on an iron oxide and arsenopyrite. 
Sample  %As(V)-Fe oxide %Arsenopyrite 
IKJ52502   72   28 
IKJ52502D   80   20 
IKJ52535538   10   90 
IKJ52547   17   83 
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Figure 5: Arsenic Speciation Results (Humboldt Smelter Tailings [HSJ-501]; Ash [HSJ-504]; & Slag [HSJ-507]) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide.  As(V)-O bonds are only 
present representing arsenic sorption on an iron oxide. 



Attachment B: Lead and Arsenic Speciation Results 

Page 6 of 30 
 

 
 
Figure 6:  Arsenic Speciation Results (Off-site Soils) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide.  As(V)-O bonds are only 
present representing arsenic sorption on an iron oxide. 
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Figure 7:  Arsenic Speciation Results (Agua Fria and Chaparral Gulch Background Sediment Samples) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide.  These had overall weaker 
signals but one can identify As(V)-O bonds being present representing arsenic sorption on an iron oxide. 
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Figure 8:  Arsenic Speciation Results (Chaparral Gulch Sediment Samples) 
 
Note:  Indicator markers represent locations of peaks for As(III)-S; As(III)-O; and As(V)-O bonds moving in order from left to right (lower to 
higher energy).  Aside from the IKJ samples, arsenic speciation was found to be arsenate sorbed to an iron oxide.  As(V)-O bonds are only 
present representing arsenic sorption on an iron oxide. 
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Figure 9:  Lead Speciation Results (Background Soil Samples) 
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Figure 10:  Lead Speciation Results (100 Series Background Group) 
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Figure 11:  Lead Speciation Results (Iron King Mine Main Tailings Pile) 
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Figure 12:  Lead Speciation Results (Humboldt Smelter Tailings [HSJ-501]; Ash [HSJ-504]; & Slag [HSJ-507]) 
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Figure 13:  Lead Speciation Results (Off-site Soils) 
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Figure 14:  Lead Speciation Results (Agua Fria and Chaparral Gulch Background Sediment Samples) 
 
Note:  It is difficult to determine the speciation for these samples because the signal is weak. 
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Figure 15:  Lead Speciation Results (Chaparral Gulch Sediment Samples) 
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The linear combination results for the samples that provided measureable results are provided below.  Reference 
materials used in the evaluation included: 
 
PbS     Galena PbS 
Cerussite Average   PbCO3 
Hydrocerussite Average  Pb3(CO3)2(OH)2 
Anglesite Average   PbSO4 
Leadhillite Average   Pb4(SO4)(CO3)2(OH)2 
SorbedPb Average   Pb adsorbed to ferrihydrite 
Magnetoplumbite Average  Pb1.1Fe3+

7.7Mn3+
2.6Mn2+

0.6Ti0.6Al0.4Ca0.1O19 
Plumboferrite Average  Pb2Mn2+

0.2Mg0.1Fe3+
10.6O18.4 

Plumbogummite Average  PbAl3(PO4)2(OH)5·(H2O) 
Plumbojarosite Average  PbFe3+

6(SO4)4(OH)12 
 
Note:  The fitting included norm(E) from -20.000 to 100.000 
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Figure 16:  Lead Speciation Results (100 Series Background Sample [BKG-101-0-2]) 
 
Fit included 142 data points and 9 variables R-factor = 0.000519 Chi-square = 0.05457 Reduced chi-square = 0.0004103 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.165(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.754(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.081(0.000) 
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Figure 17:  Lead Speciation Results (100 Series Background Sample [BKG-102-0-2]) 
 
Fit included 141 data points and 9 variables R-factor = 0.000346 Chi-square = 0.03651 Reduced chi-square = 0.0002745 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.284(0.000) 
  29: Anglesite Average       0.232(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.484(0.000) 
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Figure 18:  Lead Speciation Results (Iron King Mine Main Tailings Pile [IKJ-525-0-2]) 
 
Fit included 142 data points and 9 variables R-factor = 0.000345 Chi-square = 0.03568 Reduced chi-square = 0.0002683 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.201(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.114(0.000) 
  29: Anglesite Average       0.000(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.685(0.000) 
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Figure 19:  Lead Speciation Results (Iron King Mine Main Tailings Pile Duplicate [IKJ-525-0-2-D]) 
 
Fit included 142 data points and 9 variables R-factor = 0.000281 Chi-square = 0.02898 Reduced chi-square = 0.0002179 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.136(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.128(0.000) 
  29: Anglesite Average       0.000(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.737(0.000) 
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Figure 20:  Lead Speciation Results (Iron King Mine Main Tailings Pile [IKJ-525-35-38]) 
 
Fit included 142 data points and 9 variables R-factor = 0.000092 Chi-square = 0.00944 Reduced chi-square = 0.0000710 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.486(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.307(0.000)  32: Magnetoplumite Average   0.047(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.000(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.160(0.000) 
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Figure 21:  Lead Speciation Results  (Iron King Mine Main Tailings Pile [IKJ-525-4-7]) 
 
Fit included 142 data points and 9 variables R-factor = 0.000181 Chi-square = 0.01836 Reduced chi-square = 0.0001381 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.253(0.000)  31: SorbedPb Average        0.161(0.000) 
  26: Cerussite Average       0.323(0.000)  32: Magnetoplumite Average   0.231(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.000(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.031(0.000) 



Attachment B: Lead and Arsenic Speciation Results 

Page 23 of 30 
 

 
Figure 22:  Lead Speciation Results (Humboldt Smelter Tailings [HSJ-501-0-2]) 
 
Fit included 141 data points and 9 variables R-factor = 0.000436 Chi-square = 0.04580 Reduced chi-square = 0.0003443 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.014(0.000) 
  29: Anglesite Average       0.141(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.845(0.000) 
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Figure 23:  Lead Speciation Results (Humboldt Smelter Ash [HSJ-504-0-2]) 
 
Fit included 141 data points and 9 variables R-factor = 0.000349 Chi-square = 0.03546 Reduced chi-square = 0.0002686 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.172(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.008(0.000) 
  29: Anglesite Average       0.366(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.041(0.000) 
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Figure 24:  Lead Speciation Results (Humboldt Smelter Ash Duplicate [HSJ-504-0-2-D]) 
 
Fit included 140 data points and 4 variables R-factor = 0.000329 Chi-square = 0.03403 Reduced chi-square = 0.0002466 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.296(0.051)  31: SorbedPb Average        0.269(0.075) 
  26: Cerussite Average       0.037(0.055)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.397(0.050)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.000(0.117) 
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Figure 25:  Lead Speciation Results (Off-site Soils [OFS-101-1]) 
 
Fit included 141 data points and 9 variables R-factor = 0.000207 Chi-square = 0.02099 Reduced chi-square = 0.0001590 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.104(0.000)  31: SorbedPb Average        0.228(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.028(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.243(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.397(0.000) 
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Figure 26:  Lead Speciation Results  (Off-site Soils [OFS-109-4]) 
 
Fit included 140 data points and 4 variables R-factor = 0.000320 Chi-square = 0.03256 Reduced chi-square = 0.0002377 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.240(0.000)  31: SorbedPb Average        0.417(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.343(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.000(0.000) 
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Figure 27:  Lead Speciation Results (Off-site Soils [OFS-118-1]) 
 
Fit included 140 data points and 9 variables R-factor = 0.001018 Chi-square = 0.10599 Reduced chi-square = 0.0008030 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.374(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.626(0.000) 
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Figure 28:  Lead Speciation Results (Chaparral Gulch Sediment Samples [SD-CG-06]) 
 
Fit included 142 data points and 9 variables R-factor = 0.000564 Chi-square = 0.05943 Reduced chi-square = 0.0004468 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.092(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.680(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.228(0.000) 
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Figure 29:  Lead Speciation Results (Chaparral Gulch Sediment Samples [SD-CG-16]) 
 
Fit included 141 data points and 9 variables R-factor = 0.001052 Chi-square = 0.11111 Reduced chi-square = 0.0008417 
 
   Group                   Weight    Group                   Weight 
======================================================================================= 
  24: PbS                  0.000(0.000)  31: SorbedPb Average        0.000(0.000) 
  26: Cerussite Average       0.000(0.000)  32: Magnetoplumite Average   0.000(0.000) 
  27: Hydrocerussite Average   0.000(0.000)  33: Plumboferrite Average   0.000(0.000) 
  29: Anglesite Average       0.459(0.000)  34: Plumbogummite Average  0.000(0.000) 
  30: Leadhillite Average     0.000(0.000)  35: Plumboyarosite Average  0.541(0.000) 
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EPA Identification Number: AZ0000309013

Aerial Photo Source: Yavapai County GIS, 2007
Basemap Source: ESRI StreetMap, 2008
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure C-7 – Geologic Transect and Monitor Wells
Remedial Investigation Report
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Well ID Unit/ Formation Lithology Description Interval (bgs) Unit Total 
Thickenss

Not Applicable Ash w/ rock fragments 0-1 1 Boring total depth 126

Clayey sand 1-20 Screen Interval/(slot) 106 - 121 / (0.010)

Gravelly sand 20 - 22 Blank riser interval(s) 0 - 106 and 121 - 123

Hickey formation (Thv) Basalt 22 - 126 104+ Cement grout interval 0 - 95

Static water level 108

Not Applicable Tailings w/ gravel 0-1 1 Boring total depth 70

Sandy gravel with clay 1-20 Screen Interval/(slot) 37 - 52/(0.010)

Clayey, sandy gravel 20 - 30 Blank riser interval(s) 0 - 37 and 52 -54

Clayey, gravelly sand 30 - 40 Cement grout interval 0 - 29

Sandy gravel with clay 40 - 50 Static water level 57

Gravelly sand with clay 50 - 70

Sandy, silty gravel 0-1 Boring total depth 70

Gravelly silty sand 1-10 Screen Interval/(slot) 23 - 38/(0.010)

Sandy clay with gravel 10 - 40 Blank riser interval(s) 0 - 23 and 38 - 40

Sandy gravelly clay 40 - 50 Cement grout interval 0 - 14

Sandy clay with gravel 50 - 60 Static water level 22.6

Sandy gravelly clay 60 - 70

Silty sand with gravel tailings 0-10 Boring total depth 70

Sandy silt tailings 10-20 Screen Interval/(slot) 42 - 57/(0.010)

Gravelly sand with silt 20 - 30 Blank riser interval(s) 0 - 42 and 57 - 59

Gravel with trace of silt 30 - 40 Cement grout interval 0 - 35

Gravel with clay and sand 40 - 60 Static water level 46

Gravel with clay 60 - 70

Gravel with clay and sand @ 70

Sandy gravel w/ silt tailings 0 - 10 Boring total depth 90

Sandy silt tailings 10 - 20 Screen Interval/(slot) 42 - 57/(0.010)

Sandy clay tailings 20 - 30 Blank riser interval(s) 0 - 42 and 57 - 59

Clayey gravel with sand 30 -50 Cement grout interval 0 - 36

Sandy gravel with clay 50 - 60 Static water level 43.6

Sandy gravel with silt 60 - 90

Gravel @90 

Not Applicable Sandy gravel (road base) 0 - 1 30 Boring total depth 360

Silty sand with gravel 1 - 10 Screen Interval/(slot) 315 -345/(0.010)

Gravelly, silty sand 10 - 20 Blank riser interval(s) 0-315 and 345-350

Gravelly, sandy clay 20 - 40 Cement grout interval 0 - 291

Sandy, clayey gravel 40 - 70 Static water level 273

Silty sand with gravel 70 - 80

Sandy clay 80 - 90

Sandy clay with gravel  90 - 100

Clayey gravel with sand 100 - 110

Clayey sand with gravel 110 - 120

Sandy clay with gravel 120 - 180

Sandy clay 180 - 190

Spud Mountain Volcanics 

(Altered - si)

Hydrothermally altered andesitic 

and/or rhyolitic units associated with 

Spud Mountain volcanic units 
190 - 360 170+

95 - 99

99 - 126/(10-20)

MW-03

MW-02

MW-01

Hickey formation (Ths)  

21
Sand Filter Pack interval/(size)

Bentonite Chip interval(s)

Casing type/diameter

Surface completion

Bentonite Chip interval(s)

Surface completion

Casing type/diameter PVC/4.5- in (o.d.)

Stick-up (2 ft)

50+

Quaternary river wash 

(Qr)
69+

Hickey formation (Ths) 70+

20

MW-04 Not Applicable

MW-06
Hickey formation (Ths) 189

MW-05

60+

30

Not Applicable

PVC/4.5- in (o.d.)

29 - 33 and 60 - 70

Surface completion Stick-up (2 ft)

Casing type/diameter PVC/4.5- in (o.d.)

Borehole diameter (in) 10

Borehole diameter (in) 10

Stick-up (2 ft)

Bentonite Chip interval(s) 14 - 21 and 45 - 70

Sand Filter Pack interval/(size) 21 - 45/(10-20)

Sand Filter Pack interval/(size) 33 - 60/(10-20)

36 - 39 and 65 - 90

10

Bentonite Chip interval(s) 35 - 39 and 65 - 70

Sand Filter Pack interval/(size) 39 - 65/(10-20)

Surface completion Stick-up (2 ft)

Borehole diameter (in)

Borehole diameter (in) 10

Borehole diameter (in) 10

Bentonite Pellet  interval(s) 291-303

Sand Filter Pack interval/(size) 303-360/(10-20)

Table C-1      Iron King Mine Lithology/Well Construction Information

Surface completion Stick-up (2 ft)

Casing type/diameter PVC/4.5- in (o.d.)

Sand Filter Pack interval/(size) 39 - 65/(10-20)

Surface completion Stick-up (2 ft)

Casing type/diameter PVC/4.5- in (o.d.)

Casing type/diameter PVC/4.5- in (o.d.)

Borehole diameter (in) 10

Bentonite Chip interval(s)
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Remedial Investigation/Feasibility Study
Iron King Mine - Humboldt Smelter Superfund Site

Dewey-Humboldt, Yavapai County, Arizona
Figure D-1 – Geologic Transect and Monitor Wells
Remedial Investigation Report
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Brown clayey silt OL 0 - 0.5

Strong brown silty sand with gravel SM 0.5 - 1.7

No recovery 1.7 - 5.0

Strong brown silty sand with gravel SM 5.0 - 5.4

Yellowish brown silty sand SM 5.4 - 6.1

Light olive brown silt with clay and sand ML 6.1 - 6.4

Very dark gray silty sand with clay SM 6.4 - 7.3

Black silty clay OL 7.3 - 7.5

No recovery 7.5 - 10.0

Strong brown silty sand with gravel SM 10.0 - 10.4

Black silt with sand, clay and gravel ML 10.4 - 11.1

Dark yellowish brown gravelly sand SW 11.1 - 12.0

Dark yellowish brown sandy clay with gravel CL 12.0 - 12.3

No recovery 12.3 - 15.0

Strong brown silty sand with gravel SM 15.0 - 15.4

Dark yellowish brown sandy clay with gravel CL 15.4 - 15.6

Dark yellowish brown gravelly sand SW 15.6 - 15.8

Dark reddish gray silty sand with gravel SM 15.8 - 17.2

Reddish brown sandy clay CL 17.2 - 18

No recovery 18 - 20

Yellowish brown silty sand SM 0 - 1.8

Very dark grayish brown silty sand SM 1.8 - 2.25

No recovery 2.25 - 5.0

Brown  silty sand SM 5.0 - 5.3

Dark yellowish brown silty sand with gravel SM 5.3 - 6.25

Dark grayish brown silty clay with sand OL 6.25 - 6.5

Dark grayish brown silty sand SM 6.5 - 6.9

No recovery 6.9 - 10

Dark brown sand SP 10 - 11.3

Dark grayish brown silty sand SM 11.3 - 11.4

No recovery 11.4 - 15.0

Silty sand (appears to be native) SM 15 - 18.7

Brown silty clay with sand OL 0 - 1.4

Brown silty clay OL 1.4 - 2.0

Brown silty sand with gravel SM 2.0 - 2.6

No recovery 2.6 - 4.0

Brown silty sand with gravel SM 4.0 - 4.75

Orange silty sand SM 4.75 - 5.2

Dusky yellow silty sand SM 5.2 - 5.5

Dark reddish brown silty sand SM 5.5 - 6.4

Grayish brown silty sand SM 6.4 - 6.6

Dark reddish brown silty sand SM 6.6 - 7.0

No recovery 7.0 - 9.0

Estimated 
Impacted 
Sediment 
ThicknessBoring Sample ID Lithology

USCS 
Symbol

Lithology 
Interval

HSJ-550

As - 476 mg/kg

11.4 ftHSJ-548-6.0-6.9HSJ-548

HSJ-548-0-2

HSV-114-0-2

HSJ-550-10.4 - 11.1

HSV-114-4-7

+9.0 ft

11.1 ft

Note (s)

HSJ-550-0-2

As - 1,430 mg/kg

wet @ 1.6 feet

wet @ 4.6 feet

As - 372 mg/kg

TABLE D-1
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH CHAPARRAL GULCH 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

HSV-114

As - 285 mg/kg

As - 528 mg/kg

As - 545 mg/kg

wet @ 6.1 ft
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Estimated 
Impacted 
Sediment 
ThicknessBoring Sample ID Lithology

USCS 
Symbol

Lithology 
Interval

   

 

Note (s)

TABLE D-1
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH CHAPARRAL GULCH 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

Brown silty sand SM 0 - 1.3

Yellowish brown silty sand SM 1.3 - 1.4

Pale yellow silty clay OL 1.4 - 1.7

Dark grayish brown silty sand with gravel SM 1.7 - 1.9

Strong brown sand with gravel SW 1.9 - 2.75

No recovery 2.75 - 5.0

Strong brown silty sand with gravel SM 5.0 - 5.9

Bright orange/dark yellowish brown silty sand
SM

5.9 - 6.8

No recovery 6.8 - 10

Dark yellowish brown sand SW 10 - 10.6

Dark yellowish brown silty sand SM 10.6  - 11.2

Brown gravelly sand SW 11.2 - 12.2

No recovery 12.2 - 15.0

Orange brown silty sand SM 0.0 - 1.6

Brown sand with gravel SW 1.6 - 1.8

Black gray silty clay OL 1.8 - 2.1

No recovery 2.1 - 4.0

Black gray silty clay OL 4.0 - 4.75

Black gray silty sand with clay SM 4.75 - 4.9

Brown silty sand SM 4.9 - 5.75

Red-brown sandy clay with gravel CL 5.75 - 6.5

No recovery 6.5 - 9.0

HSJ-536-0-2 Brown silty sand with clay SM 0.0 - 2.0

Brown sandy silty clay CL 2.0 - 2.1

No recovery 2.1 - 5.0

Brown sandy silty clay CL 5.0 - 5.6

Black gray sandy clay CL 5.6 - 5.9

Silty sand SM 5.9 - 6.3

Black gray sandy clay CL 6.3 - 6.6

Black gray clayey silty sand SC/SM 6.6 - 7.0

No recovery 7.0 - 10.0

Black gray clayey silty sand SC/SM 10.0 - 11.5

Black gray clayey silty sand; wood 

chips/fibers
CL 11.5 - 12.0

Black gray clayey silty sand SC/SM 12.0 - 12.2

Black gray silty clay OL 12.2 - 13.1

Dark gray silty sand SM 13.1 - 13.75

No recovery 13.75 - 15.0

Dark gray silty sand SM 15. 0 - 17.0

Black gray silty clay OL 17.0 - 18.0

Brown silty sand SM 18.0 - 18.5

No recovery 18.5 - 20

Brown silty sand SM 20.0 - 20.75

Black gray silty clay OL 20.75 - 21.5

Brown silty sand SM 21.5 - 22.0

HSJ-536-22-24 Brown sandy gravel GW 22.0 - 24.1

No recovery 24.1 - 25

As - 28.2 J mg/kg

As - 947 mg/kg

+ 9 ft

21.5 ftHSJ - 536

HSJ - 549

HSV - 105

HSJ-549-4-7

HSJ-536-4-7

HSV-105-4-7

HSJ-549-0-2

HSV-105-0-2 As - 541 J mg/kg

10 ft

wet @ 1.5 feet

wet @ 1.3 feet

wet @ 1.3 ft            

    

As - 1,080 mg/kg

As - 212 mg/kg

As - 1,150 mg/kg
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Estimated 
Impacted 
Sediment 
ThicknessBoring Sample ID Lithology

USCS 
Symbol

Lithology 
Interval

   

 

Note (s)

TABLE D-1
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH CHAPARRAL GULCH 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

HSV-113-0-2 Brown sandy clay CL 0 - 3.0

No recovery 3.0 - 4.0

Brown sandy clay CL 4.0 - 4.75

Black gray clay with sand and silt ML/CL 4.75 - 5.1

Black gray silty sand SM 5.1 - 5.5

Black gray silty clay OL 5.5 - 7.75

Black gray silty sand SM 7.75 - 8.0

Black gray silty clay OL 8.0 - 9.0

Black gray silty sand SM 9.0 - 9.3

Black gray silty clay OL 9.3 - 10.0

Brown silty clayey sand SM/SC 0 - 0.75

Brown sandy clay CL 0.75 - 1.25

Black silty sand with clay SM 1.25 - 1.8

No recovery 1.8 - 5.0

Black gray clay with sand CL 5.0 - 6.0

Black silty sand with clay SM 6.0 - 6.2

Black gray clay with sand CL 6.2 - 6.6

Black silty sand with clay SM 6.6 - 6.8

Black gray clay with sand CL 6.8 - 8.9

No Recovery 8.9 - 10

Black gray clay with sand CL 10 - 10.5

Black silty sand with clay SM 10.5 - 11.5

Black gray clay with sand CL 11.5 - 12.0

Black silty sand with clay SM 12.0-12.6

Black gray clay with sand CL 12.6 - 18.5

No recovery 18.5 - 20.0

Black gray clay with sand CL 20.0 - 23.25

Brown sandy gravel GW 23.25 - 23.75

No recovery 23.75 - 25.0

Black gray clay with sand CL 25 - 25.75

Gravelly sand SW 25.75 - 26.25

Sandy gravel GW 26.25 - 26.6

Green sandy clay with gravel CL 26.6 - 30

Brown silty sand SM 0 - 1.25

Brown clayey silty sand SM/CL 1.25 - 1.8

Red-brown sandy clay CL 1.8 - 2.4

Light brown sandy clay CL 2.4 - 2.6

Light brown silty sand SM 2.6 - 2.8

Brown sandy clay CL 2.8 - 3.25

Brown sand with silt SM 3.25 - 3.50

No recovery 3.5 - 5.0

Brown sand with silt SM 5.0 - 5.75

Brown sandy clay with gravel CL 5.75 - 6.25

Black clay with sand SC 6.25 - 8.5

No recovery 8.5 - 10.0

Black clay with sand SC 10.0 - 13.0

As - 1,200 mg/kg

As - 44.9 J mg/kg

HSJ-534-0-2

As - 975 J mg/kg

As - 1,970 mg/kg

As - 682 mg/kg

wet @ 0.0 - 1.25 ft

+10 ft 

25.75 ft

HSJ-534-4-7

HSJ-535-26-27

HSV-113-4-7
HSV-113

HSJ-535-4-7

HSJ-535

HSJ-535-0-2

16.9 ft

As - 371 mg/kg

HSJ-534

moist to wet - 5.1 ft

wet @ 0.5 ft

As - 2,520 mg/kg
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Estimated 
Impacted 
Sediment 
ThicknessBoring Sample ID Lithology

USCS 
Symbol

Lithology 
Interval

   

 

Note (s)

TABLE D-1
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH CHAPARRAL GULCH 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

Black gray silty sand with clay SM 13.0 - 13.9

Black clay with sand SC 13.9 - 16.9

Green-gray sandy gravel GW 16.9 - 18

HSJ-534-19-20 Green-gray sandy clayey gravel GC 18 - 20.25

Notes:

Alluvium/Humboldt Smelter tailings SM - silty  sands; sand-silt mixtures

Humboldt Smelter tailings SC - clayey sands; sand-clay mixtures

Alluvium deposits consisting of native materials (inferred) OL - organic silts nd organic silty clays of low plasticity

As - arsenic SP - poorly graded sands; gravelly sands, little or no fines

CL - inorganic clays of low to medium plasticity GW - well graded gravels; gravel-sand mixtures, little or no fines

ML - inorganic silts and very fine sands; clayey fine sands and silts

Alternating sequences of silty sand and silty sand with clay units represent deposition of hydraulically-placed mine tailings.

As - 11.1 mg/kg

HSJ-534 
(contd.) 16.9 ft
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Red silty sand (fill) SM 0 - 1.25

Brown silty sand SM 1.25 - 1.75

Gray silty sand with clay SM 1.75 - 2.5

Gray silty sand SM 2.5 - 3.25

Gray silty sand with clay SM 3.25 - 3.5

No recovery 3.5 - 5.0

Red-brown silty sand with gravel SM 5.0 - 5.5

Gray silty sand SM 5.5 - 5.75

Gray silty sand with clay SM 5.75 - 6.0

Gray silty sand SM 6.0 - 6.25

Gray silty sand with clay SM 6.25 - 7.0

Gray brown silty sand SM 7.0 - 8.0

Gray silty sand SM 8.0 - 9.5

No recovery 9.5 - 10.0

Gray silty sand SM 10.0 - 10.5

Gray silty sand with red mottling SM 10.5 - 10.75

Gray silty sand SM 10.75 - 12.25

No recovery 12.25 - 15.0

Gray silty sand SM 15.0 - 16.3

Black-gray silty sand with clay SM 16.3 - 17.0

Gray silty sand SM 17.0 - 17.25

Black-gray silty sand with clay SM 17.25 - 17.75

No recovery 17.75 - 20.0

Gray silty sand SM 20.0 - 21.5

Black-gray silty sand with clay SM 21.5 - 22.0

Gray silty sand SM 22.0 - 23.0

No recovery 23.0 - 25.0

Gray silty sand SM 25.0 - 27.0

Black-gray silty sand with clay SM 27.0 - 27.5

Gray silty sand SM 27.5 - 28.0

No recovery 28.0 - 30.0

Gray silty sand SM 30.0 - 31.5

Black-gray silty sand with clay SM 31.5 - 32.25

Gray silty sand SM 32.25 - 32.75

Black-gray silty sand with clay SM 32.75 - 33.0

Gray silty sand SM 33.0 - 34.0

No recovery 34.0 - 35.0

Gray silty sand SM 35.0 - 36.5

Black-gray silty sand with clay SM 36.5 - 37.0

Gray silty sand SM 37.0 - 38.0

No recovery 38.0 - 40.0

IKJ-526-0-2 Brown silty sand with red and gray mottling SM 0.0 - 2.0

Gray-black silty sand SM 2.0 - 2.75

No recovery 2.75 - 4.0

Gray-black silty sand SM 4.0 - 6.5

No recovery 6.5 - 10.0

Gray-black silty sand; increasing clay content 

with depth
SM 10.0 - 13.5

No recovery 13.5 - 15.0

Black-gray silty sand SM 15.0 - 16.0

wet @36.5 ft bgs

As- 5,360 mg/kg     

As (dup)- 5,570 

mg/Kg

TABLE D-2
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH IRON KING MINE TAILINGS STOCKPILE 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

IKJ-526 +39 ft

Boring
Lithology 
Interval

USCS 
Symbol Note (s) Lithology

IKJ-526-4-7

Estimated 
Tailings 

ThicknessSample ID

IKJ-525-0-2

IKJ-525-4-7

As - 2,980 mg/kg

As -4,660 mg/kg

IKJ-525 +38 ft

IKJ-525-35-38

As - 5,850 mg/kg

As - 4,400 mg/kg
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TABLE D-2
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH IRON KING MINE TAILINGS STOCKPILE 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

Boring
Lithology 
Interval

USCS 
Symbol Note (s) Lithology

Estimated 
Tailings 

ThicknessSample ID

 

Black-gray silty sand with clay SM 16.0 - 16.25

Black-gray silty sand SM 16.25 - 16.5

Black-gray silty sand with clay SM 16.5 - 17.25

Black-gray silty sand SM 17.25 - 17.5

Black-gray silty sand with clay SM 17.5 - 18.0

Black-gray silty sand SM 18.0 - 18.5

Black-gray silty sand with clay SM 18.5 - 19.75

Black-gray silty sand SM 19.75 - 20.75

Black-gray silty sand with clay SM 20.75 - 21.0

Black-gray silty sand SM 21.0 - 21.5

Black-gray silty sand with clay SM 21.5 - 22.0

Black-gray silty sand SM 22.0 - 24.0

No recovery 24. 0 -25.0

Black-gray silty sand SM 25.0 - 25.5

Brown silty sand with gray mottling SM 25.5 - 25.75

Black-gray silty sand with clay (wet) SM 25.75 - 26.5

Black-gray silty sand SM 26.5 - 27.0

Black-gray silty sand with clay (wet) SM 27.0 - 27.75

Black-gray silty sand SM 27.75 - 28.0

Black-gray silty sand with clay (wet) SM 28.0 - 28.25

Black-gray silty sand SM 28.25 - 28.5

Dark gray brown silty sand SM 28.5 - 28.75

Black-gray silty sand SM 28.75 - 29.25

Black-gray silty sand with clay (wet) SM 29.25 - 30.0

Black-gray silty sand SM 30.0 - 30.75

Black-gray silty sand with clay (wet) SM 30.75 - 33.0

Black-gray silty sand SM 33.0 - 33.25

Black-gray silty sand with clay (wet) SM 33.25 - 34.5

Black-gray silty sand SM 34.5 - 35.25

Black-gray silty sand with clay (wet) SM 35.25 - 35.75

Black-gray silty sand SM 35.75 - 39.0

IKJ-526-39-40 No recovery 39.0 - 40.0

Red silty sand with clay; gray mottling SM 0.0 - 0.5

Black-gray silty sand SM 0.5 - 3.0

Black-gray silty sand with clay SM 3.0 - 3.5

Black silty sand SM 3.5 - 4.5

No recovery 4.5 - 5.0

Black silty sand SM 5.0 - 6.0

Black-gray silty sand with clay SM 6.0 - 7.2

Black-gray silty sand SM 7.2 - 8.2

Black-gray silty sand with clay SM 8.2 - 9.0

No recovery 9.0 - 10.0

Black-gray silty sand SM 10.0 - 11.0

Brown silty sand with gray mottling SM 11.0 - 11.5

Black-gray silty sand with clay SM 11.5 - 11.75

Black-gray silty sand SM 11.75 - 12.25

Black-gray silty sand with clay (wet) SM 12.25 - 12.75

Black-gray silty sand SM 12.75 - 14.0

No recovery 14.0 - 15.0

Black-gray silty sand SM 15.0 - 17.0

+40 ftIKJ-527

wet @12.25 ft bgs

As - 4,390 mg/kg

IKJ-526 
(contd.) +39 ft

As - 4,220 mg/kg

As - 3,770 mg/kg

wet @25.75 ft bgs

IKJ-527-0-2

IKJ-527-4-7

unit wet

unit wet

unit wet

unit wet

unit wet
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TABLE D-2
GENERAL LITHOLOGY AND ARSENIC DISTRIBUTION ASSOCIATED WITH IRON KING MINE TAILINGS STOCKPILE 

IRON KING MINE/HUMBOLDT SMELTER SUPERFUND SITE

Boring
Lithology 
Interval

USCS 
Symbol Note (s) Lithology

Estimated 
Tailings 

ThicknessSample ID

 

Dark gray silty sand SM 17.0 - 18.5

No recovery 18.5 - 20.0

Dark gray silty sand SM 20.0 - 20.5

Black-gray silty sand SM 20.5 - 21.0

Black -gray silty clayey sand SM/SC 21.0 - 21.25

Black-gray silty sand SM 21.25 - 22.75

Black-gray clayey sand (wet) SC 22.75 - 23.5

Dark brown silty sand SM 23.5 - 24.0

No recovery 24.0 - 25.0

Black-gray clayey sand (wet) SC 25.0 - 25.5

Black-gray silty sand SM 25.5 - 26.75

Black-gray silty clay OL 26.75 - 29.5

No recovery 29.5 - 30.0

Black-gray silty sand SM 30 .0 - 31.25

Black-gray clayey silt  (wet) OL 31.25 - 34.5

No recovery 34.5 - 35.0

IKJ-527-35-40 Black-gray clayey silt  (wet) OL 35.0 - 40.4

Notes:

Fill/wind transported sediment SM - silty  sands; sand-silt mixtures

Iron King Mine Tailings SC - clayey sands; sand-clay mixtures

As - arsenic OL - organic silts nd organic silty clays of low plasticity

Alternating sequences of silty sand and silty sand with clay units represent deposition of hydraulically-placed mine tailings.

IKJ-527 
(contd.) +40 ft

unit wet

As - 3,640 mg/kg               

 

unit wet

unit wet

unit wet

























































 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

PHOTOGRAPHIC DOCUMENTATION (SEE ALSO DVD) 
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Photograph 1  
Iron King Mine Main Tailings Pile - Eastern tailings dam with Retention Pond 200-55 in the foreground 
(facing south). 

 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 

Photograph 2  
Iron King Mine Main Tailings Pile – Atop western tailings dam with Mine Plant in the background         
(facing northeast) 
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Photograph 4  
Iron King Mine Main Tailings Pile – Atop western tailings dam with dam failure and Main Retention Ponds 
below (facing southeast)  

 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

Photograph 3  
Iron King Mine Main Tailings Pile – Western and eastern tailings dam (note: failure along left face)         
(facing west) 
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Photograph 5  
Humboldt Smelter Small Tailings Pile – Tailings dam failures (facing northeast) 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Photograph 6  
Humboldt Smelter Small Tailings Pile – Tailings dam failure along face (facing south) 
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Photograph 7  
Lower Chaparral Gulch – Concrete and rubble dam constructed in two lifts (facing north) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Photograph 8  
Humboldt Smelter Slag Pile (facing north) 
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Photograph 9  
Humboldt Smelter Slag Pile (facing northwest) 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Photograph 10  
Humboldt Smelter Slag Pile (facing northeast) 
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Photograph 11  
Humboldt Smelter Tailings Pile – Tailings hydraulically deposited on native soil, which has also been eroded 
(facing north) 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Photograph 12  
Humboldt Smelter Tailings Pile – Tailings hydraulically deposited on native soil, which has also been eroded 
(facing west) 
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Photograph 13  
Humboldt Smelter Tailings Pile – Tailings hydraulically deposited on native soil, which has been eroded by 
surface water (facing north) 

Photograph 14  
Off-site – North of Humboldt Smelter – High wind event causing particulate migration of material (likely ash) 
from the Humboldt Smelter (facing southeast) 
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 Photograph 15   
 Vegetation along Chaparral Gulch – On-Site West Exposure Grouping 
 

 
 
 Photograph 16 
 Tailings pile at the Iron King Mine – On-Site West Exposure Grouping 
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 Photograph 17 
  Retention pond on eastern side of tailings pile at the Iron King Mine – On-Site West Exposure Grouping 

 

 
 
 Photograph 18 
 Glory hole at the Iron King Mine – On-Site West Exposure Grouping 
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 Photograph 19 
 Tumbleweed growing in mulched wood in front of operations area at Iron King Mine - On-Site West Exposure Grouping 
 

 
 
 Photograph 20 
 Disturbed area behind operations area at Iron King Mine - On-Site West Exposure Grouping 
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 Photograph 21 
 Galena Gulch at the edge of the Iron King Mine Site - On-Site West Exposure Grouping 
 

 
 
 Photograph 22 
 Possible rodent hole north of Iron King Road - On-Site West Exposure Grouping 
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 Photograph 23 
 Chaparral habitat south of Iron King Road – example of off-site vegetative habitat 
 

 
 
 Photograph 24 
 Culvert to allow flow of Chaparral Gulch under Highway 69 – picture taken on the east side of Highway 69 
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 Photograph 25 
 Ash pile at Humboldt Smelter - On-Site East Exposure Grouping 
 

 
 
 Photograph 26 
 Tailings pile at Humboldt Smelter - On-Site East Exposure Grouping 
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 Photograph 27 
 Overhang of slag pile above the Agua Fria River at Humboldt Smelter - On-Site East Exposure Grouping 
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 Photograph 28 
 Slag pile at Humboldt Smelter - On-Site East Exposure Grouping 
 

 
 
 Photograph 29 
 Habitat of the Chaparral Gulch immediately upstream of the tailings dam at Humboldt Smelter – On-Site East  
 Exposure Grouping 
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                     Photograph 30 
                       Tailings dam on the Chaparral Gulch at Humboldt Smelter - On-Site East Exposure Grouping 
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 Photograph 31 
 Water of the Chaparral Gulch immediately downstream of the tailings dam at Humboldt Smelter – 
 On-Site East Exposure Grouping 
 

 
 
    Photograph 32 
    Agua Fria River - On-Site East Exposure Grouping 
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 Photograph 33 
 Vegetation along the Agua Fria River - On-Site East Exposure Grouping 
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 Photograph 34 
 Grasses/forbs characteristic of semi-desert grassland in former operations area - On-Site East 
 Exposure Grouping 
 
 

 
 
 Photograph 35 
 Animal tracks in mud along the Agua Fria River - On-Site East Exposure Grouping 
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          Photograph 36 

Large stick nest (most likely raptor) built on the ladder of the stack of the Humboldt Smelter - On-Site East Exposure Grouping 
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In this section of the ERA, the potential exposure concentrations and doses are compared with
the TRVs to determine whether there is the potential for ecological resources to be adversely
affected by the presence of on-site chemicals. Calculation of total dose and comparison to
benchmarks for wildlife is presented in Tables H-1 through H-34.

As discussed earlier within this document, and consistent with USEPA (1997), the objective of
this evaluation is to identify chemicals having the potential to adversely affect ecological
resources while eliminating other chemicals from further consideration. Consistent with this
approach, the conservative models used to evaluate the potential for adverse effects were
designed to estimate an upper bound potential for adverse effects to the selected indicator
species, such that risks are likely to be overestimated but are highly unlikely to be
underestimated. Accordingly, exceedance of a toxicity value indicates the potential for adverse
effects, but does not indicate that an adverse effect is occurring.

Chemicals were identified for further evaluation by comparing estimated exposure
concentrations to TRVs. In Sections 7.6 through 7.10, the estimated exposure concentrations for
the chemicals are compared to Dose-based No Observed Adverse Effects Levels (NOAELs).
NOAELs are doses that have been shown to cause no adverse impacts in test species. The
second set of benchmarks utilized were Lowest Observed Adverse Effects Levels (LOAELs).
These are doses at which a very low level of adverse effect was observed on individual test
organisms. LOAELs are useful because there is considerable uncertainty associated with
NOAELs. Because NOAELs are associated with no effects in a test study, it is uncertain
whether they are close to or far below the threshold value at which effects would first be
observed. LOAELs thus serve to bound the range of NOAELs, and the threshold of toxic effects
is considered to lie between the NOAEL and the LOAEL. If the estimated exposure
concentrations for the chemicals exceeds these TRVs, there is a potential for adverse effects to
occur.



Table H-1
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CYANIDE (TOTAL) 6.50E+00 3.77E-01 1.83E-01 4.69E-02 8.00E-02 5.20E-01 3.02E-02 4.25E-02 4.42E-02 2.20E-02 1.09E-01 2.47E-03 2.56E-03 5.63E-03 1.07E-02
NITRATE AS N 9.70E+02 8.03E+01 4.40E-03 -- 1.00E+00 9.70E+02 8.03E+01 6.35E+00 8.25E+01 5.28E-04 8.88E+01 5.25E-01 6.82E+00 0.00E+00 7.35E+00
NITRITE AS N -- -- 1.10E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E-03 1.32E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 4.20E+04 1.10E+04 2.70E+01 -- 1.00E+00 4.20E+04 1.10E+04 2.75E+02 3.57E+03 3.24E+00 3.85E+03 7.18E+01 9.33E+02 0.00E+00 1.00E+03

METALS

ALUMINUM 2.89E+04 1.45E+04 9.69E+02 2.55E+02 4.00E-03 1.16E+02 5.78E+01 1.89E+02 9.83E+00 1.16E+02 3.15E+02 9.46E+01 4.92E+00 3.05E+01 1.30E+02
ANTIMONY 1.89E+02 2.38E+01 5.56E-01 9.10E-02 2.00E-01 3.78E+01 4.76E+00 1.24E+00 3.21E+00 6.67E-02 4.52E+00 1.56E-01 4.05E-01 1.09E-02 5.72E-01

ARSENIC 1.20E+04 1.08E+03 1.91E+02 3.26E+01
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
2.73E+01 7.00E+00 7.85E+01 2.32E+00 2.29E+01 1.04E+02 7.06E+00 5.95E-01 3.91E+00 1.16E+01

BARIUM 3.42E+02 1.18E+02 3.29E+00 1.09E+00 1.50E-01 5.13E+01 1.77E+01 2.24E+00 4.36E+00 3.95E-01 6.99E+00 7.71E-01 1.50E+00 1.31E-01 2.40E+00
BERYLLIUM 7.20E-01 3.35E-01 1.46E-02 8.01E-03 1.00E-02 7.20E-03 3.35E-03 4.71E-03 6.12E-04 1.75E-03 7.08E-03 2.19E-03 2.85E-04 9.62E-04 3.44E-03

CADMIUM 5.43E+01 8.08E+00 2.88E+00 7.88E-01
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
5.50E+00 1.94E+00 3.55E-01 4.68E-01 3.46E-01 1.17E+00 5.29E-02 1.65E-01 9.46E-02 3.13E-01

CALCIUM 6.45E+04 1.97E+04 6.63E+02 3.02E+02 3.50E+00 2.26E+05 6.91E+04 4.22E+02 1.92E+04 7.96E+01 1.97E+04 1.29E+02 5.87E+03 3.63E+01 6.03E+03
CHROMIUM 8.86E+01 1.59E+01 5.72E-01 1.52E-01 7.50E-03 6.65E-01 1.19E-01 5.80E-01 5.65E-02 6.86E-02 7.05E-01 1.04E-01 1.01E-02 1.83E-02 1.32E-01
COBALT 5.82E+01 1.49E+01 1.32E+00 3.84E-01 2.00E-02 1.16E+00 2.98E-01 3.81E-01 9.89E-02 1.58E-01 6.38E-01 9.74E-02 2.53E-02 4.60E-02 1.69E-01

COPPER 1.18E+03 1.47E+02 4.72E+01 8.37E+00
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
3.17E+01 3.17E+01 7.72E+00 2.69E+00 5.66E+00 1.61E+01 9.59E-01 2.69E+00 1.00E+00 4.66E+00

FLUORIDE -- -- 1.40E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.68E-03 1.68E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.93E+05 5.73E+04 1.30E+04 1.53E+03 4.00E-03 7.72E+02 2.29E+02 1.26E+03 6.56E+01 1.56E+03 2.89E+03 3.75E+02 1.95E+01 1.83E+02 5.78E+02

LEAD 1.67E+04 1.26E+03 1.02E+01 1.06E+00
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
6.20E+01 1.45E+01 1.09E+02 5.27E+00 1.22E+00 1.16E+02 8.25E+00 1.24E+00 1.27E-01 9.62E+00

MAGNESIUM 2.41E+04 8.23E+03 1.44E+03 4.11E+02 1.00E+00 2.41E+04 8.23E+03 1.58E+02 2.05E+03 1.73E+02 2.38E+03 5.38E+01 6.99E+02 4.93E+01 8.02E+02
MANGANESE 1.86E+03 6.80E+02 5.06E+01 1.76E+01 2.50E-01 4.65E+02 1.70E+02 1.22E+01 3.95E+01 6.07E+00 5.78E+01 4.45E+00 1.44E+01 2.12E+00 2.10E+01

MERCURY 6.50E+01 5.74E+00 8.01E-02 8.26E-03
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
3.58E+00 9.56E-01 4.25E-01 3.04E-01 9.61E-03 7.39E-01 3.76E-02 8.12E-02 9.91E-04 1.20E-01

NICKEL 4.70E+01 1.36E+01 8.99E-01 2.54E-01
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
1.93E+00 7.64E-01 3.08E-01 1.64E-01 1.08E-01 5.79E-01 8.93E-02 6.49E-02 3.05E-02 1.85E-01

POTASSIUM 3.27E+03 1.33E+03 4.62E+01 2.40E+01 1.00E+00 3.27E+03 1.33E+03 2.14E+01 2.78E+02 5.54E+00 3.05E+02 8.70E+00 1.13E+02 2.88E+00 1.25E+02

SELENIUM 9.01E+01 1.56E+01 7.46E-01 1.81E-01
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
7.30E+01 1.06E+01 5.90E-01 6.21E+00 8.95E-02 6.89E+00 1.02E-01 8.98E-01 2.17E-02 1.02E+00

SILVER 1.02E+02 7.97E+00 3.79E-02 9.64E-03 4.00E-01 4.08E+01 3.19E+00 6.68E-01 3.47E+00 4.55E-03 4.14E+00 5.22E-02 2.71E-01 1.16E-03 3.24E-01
SODIUM 1.02E+03 2.20E+02 4.59E+01 9.94E+00 7.50E-02 7.65E+01 1.65E+01 6.68E+00 6.50E+00 5.51E+00 1.87E+01 1.44E+00 1.40E+00 1.19E+00 4.03E+00
THALLIUM 1.74E+01 4.16E+00 2.30E-03 1.67E-03 4.00E-03 6.96E-02 1.66E-02 1.14E-01 5.92E-03 2.76E-04 1.20E-01 2.72E-02 1.41E-03 2.00E-04 2.88E-02
VANADIUM 1.55E+02 5.84E+01 2.05E+00 2.80E-01 5.50E-03 8.53E-01 3.21E-01 1.01E+00 7.25E-02 2.46E-01 1.33E+00 3.82E-01 2.73E-02 3.36E-02 4.43E-01

ZINC 1.64E+04 2.00E+03 1.61E+03 3.68E+02
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.05E+03 3.28E+02 1.07E+02 8.97E+01 1.93E+02 3.90E+02 1.31E+01 2.79E+01 4.42E+01 8.51E+01

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Plant) Uptake
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Table H-1
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Plant) Uptake

PAHS

BENZO(A)ANTHRACENE 7.60E-02 4.37E-01 -- -- 2.06E-02 1.57E-03 9.00E-03 4.97E-04 1.33E-04 0.00E+00 6.30E-04 2.86E-03 7.65E-04 0.00E+00 3.62E-03
BENZO(A)PYRENE 7.00E-02 4.36E-01 -- -- 1.37E-02 9.59E-04 5.98E-03 4.58E-04 8.15E-05 0.00E+00 5.40E-04 2.86E-03 5.08E-04 0.00E+00 3.36E-03
BENZO(B)FLUORANTHENE 5.50E-02 4.35E-01 -- -- 1.12E-02 6.16E-04 4.87E-03 3.60E-04 5.24E-05 0.00E+00 4.12E-04 2.85E-03 4.14E-04 0.00E+00 3.26E-03
BENZO(G,H,I)PERYLENE 2.20E-02 4.32E-01 -- -- 6.02E-03 1.32E-04 2.60E-03 1.44E-04 1.13E-05 0.00E+00 1.55E-04 2.83E-03 2.21E-04 0.00E+00 3.05E-03
BENZO(K)FLUORANTHENE 5.60E-02 4.35E-01 -- -- 1.12E-02 6.27E-04 4.87E-03 3.67E-04 5.33E-05 0.00E+00 4.20E-04 2.85E-03 4.14E-04 0.00E+00 3.26E-03
CHRYSENE 1.10E-01 4.40E-01 -- -- 2.06E-02 2.27E-03 9.06E-03 7.20E-04 1.93E-04 0.00E+00 9.13E-04 2.88E-03 7.70E-04 0.00E+00 3.65E-03
FLUORANTHENE 9.90E-02 4.39E-01 -- -- 5.33E-02 5.28E-03 2.34E-02 6.48E-04 4.49E-04 0.00E+00 1.10E-03 2.87E-03 1.99E-03 0.00E+00 4.86E-03
INDENO(1,2,3-CD)PYRENE 2.50E-02 4.32E-01 -- -- 6.06E-03 1.52E-04 2.62E-03 1.64E-04 1.29E-05 0.00E+00 1.77E-04 2.83E-03 2.23E-04 0.00E+00 3.05E-03
PHENANTHRENE 2.30E-02 4.32E-01 -- -- 1.02E-01 2.35E-03 4.41E-02 1.51E-04 1.99E-04 0.00E+00 3.50E-04 2.83E-03 3.75E-03 0.00E+00 6.57E-03
PYRENE 1.00E-01 4.39E-01 -- -- 5.85E-02 5.85E-03 2.57E-02 6.55E-04 4.97E-04 0.00E+00 1.15E-03 2.87E-03 2.18E-03 0.00E+00 5.06E-03
TOTAL HMW PAH 5.14E-01 5.14E-01 -- -- -- -- -- 3.36E-03 1.03E-03 0.00E+00 4.40E-03 2.28E-02 5.50E-03 0.00E+00 2.83E-02
TOTAL LMW PAH 1.22E-01 1.22E-01 -- -- -- -- -- 7.98E-04 6.48E-04 0.00E+00 1.45E-03 5.70E-03 5.74E-03 0.00E+00 1.14E-02

PCBS

AROCLOR-1242 1.70E-01 6.12E-02 -- -- 8.38E-03 1.43E-03 5.13E-04 1.11E-03 1.21E-04 0.00E+00 1.23E-03 4.00E-04 4.36E-05 0.00E+00 4.44E-04
AROCLOR-1254 6.70E-02 5.26E-02 -- -- 3.58E-03 2.40E-04 1.88E-04 4.39E-04 2.04E-05 0.00E+00 4.59E-04 3.44E-04 1.60E-05 0.00E+00 3.60E-04
AROCLOR-1260 2.20E-01 6.49E-02 -- -- 6.43E-04 1.41E-04 4.17E-05 1.44E-03 1.20E-05 0.00E+00 1.45E-03 4.25E-04 3.55E-06 0.00E+00 4.28E-04
Total PCBS 2.37E-01 1.31E-01 -- -- 0.00E+00 0.00E+00 1.55E-03 0.00E+00 0.00E+00 1.55E-03 8.57E-04 0.00E+00 0.00E+00 8.57E-04

PESTICIDES

4,4'-DDD 1.40E-02 4.74E-03 -- -- 1.57E-02 2.19E-04 7.42E-05 9.16E-05 1.87E-05 0.00E+00 1.10E-04 3.10E-05 6.31E-06 0.00E+00 3.73E-05
4,4'-DDE 4.90E-03 3.70E-03 -- -- 1.32E-02 6.46E-05 4.88E-05 3.21E-05 5.49E-06 0.00E+00 3.76E-05 2.42E-05 4.15E-06 0.00E+00 2.84E-05
4,4'-DDT 3.40E-03 3.46E-03 -- -- 4.61E-03 1.57E-05 1.60E-05 2.23E-05 1.33E-06 0.00E+00 2.36E-05 2.27E-05 1.36E-06 0.00E+00 2.40E-05
Total DDTr 1.89E-02 1.26E-02 -- -- 0.00E+00 0.00E+00 1.24E-04 0.00E+00 0.00E+00 1.24E-04 8.22E-05 0.00E+00 0.00E+00 8.22E-05
ALPHA-CHLORDANE 4.40E-03 2.05E-03 -- -- 9.33E-03 4.10E-05 1.92E-05 2.88E-05 3.49E-06 0.00E+00 3.23E-05 1.34E-05 1.63E-06 0.00E+00 1.51E-05
BETA-BHC 5.80E-03 2.25E-03 -- -- 1.34E-01 7.75E-04 3.00E-04 3.80E-05 6.59E-05 0.00E+00 1.04E-04 1.47E-05 2.55E-05 0.00E+00 4.02E-05
DELTA-BHC 3.50E-03 2.05E-03 -- -- 1.34E-01 4.68E-04 2.73E-04 2.29E-05 3.97E-05 0.00E+00 6.26E-05 1.34E-05 2.32E-05 0.00E+00 3.66E-05
DIELDRIN 3.60E-03 3.60E-03 -- -- 2.74E-02 9.87E-05 9.87E-05 2.36E-05 8.39E-06 0.00E+00 3.19E-05 2.36E-05 8.39E-06 0.00E+00 3.19E-05
ENDRIN KETONE 3.20E-03 3.69E-03 -- -- 5.06E-02 1.62E-04 1.87E-04 2.09E-05 1.38E-05 0.00E+00 3.47E-05 2.42E-05 1.59E-05 0.00E+00 4.00E-05
GAMMA-BHC (LINDANE) 1.70E-03 1.88E-03 -- -- 1.34E-01 2.27E-04 2.51E-04 1.11E-05 1.93E-05 0.00E+00 3.04E-05 1.23E-05 2.14E-05 0.00E+00 3.37E-05
GAMMA-CHLORDANE 3.90E-03 2.05E-03 -- -- 9.33E-03 3.64E-05 1.91E-05 2.55E-05 3.09E-06 0.00E+00 2.86E-05 1.34E-05 1.62E-06 0.00E+00 1.50E-05
HEPTACHLOR 4.30E-03 2.12E-03 -- -- 1.59E-02 6.83E-05 3.36E-05 2.81E-05 5.81E-06 0.00E+00 3.39E-05 1.39E-05 2.86E-06 0.00E+00 1.67E-05

SEMIVOLATILES

4-CHLOROANILINE 4.30E-02 4.33E-01 -- -- 0.00E+00 0.00E+00 0.00E+00 2.81E-04 0.00E+00 0.00E+00 2.81E-04 2.83E-03 0.00E+00 0.00E+00 2.83E-03
BIS(2-ETHYLHEXYL)PHTHALATE 4.60E+00 4.97E-01 -- -- 4.30E-02 1.98E-01 2.14E-02 3.01E-02 1.68E-02 0.00E+00 4.69E-02 3.25E-03 1.82E-03 0.00E+00 5.07E-03
BUTYLBENZYLPHTHALATE 3.40E+02 3.11E+01 -- -- 6.17E-02 2.10E+01 1.92E+00 2.23E+00 1.78E+00 0.00E+00 4.01E+00 2.03E-01 1.63E-01 0.00E+00 3.66E-01
CAPROLACTAM 8.00E-02 3.91E-01 -- -- 1.61E+01 1.29E+00 6.29E+00 5.24E-04 1.09E-01 0.00E+00 1.10E-01 2.56E-03 5.34E-01 0.00E+00 5.37E-01
DIMETHYLPHTHALATE 7.20E-02 4.37E-01 -- -- 4.25E+00 3.06E-01 1.86E+00 4.71E-04 2.60E-02 0.00E+00 2.65E-02 2.86E-03 1.58E-01 0.00E+00 1.61E-01
DI-N-BUTYLPHTHALATE 3.60E+00 5.01E-01 -- -- 8.38E-02 3.02E-01 4.20E-02 2.36E-02 2.57E-02 0.00E+00 4.92E-02 3.28E-03 3.57E-03 0.00E+00 6.85E-03

VOLATILES

2-BUTANONE 1.00E-02 9.16E-03 -- -- 5.33E+01 5.33E-01 4.88E-01 6.55E-05 4.53E-02 0.00E+00 4.54E-02 6.00E-05 4.15E-02 0.00E+00 4.16E-02
ACETONE 3.30E-02 1.79E-02 -- -- 4.20E+00 1.38E-01 7.49E-02 2.16E-04 1.18E-02 0.00E+00 1.20E-02 1.17E-04 6.37E-03 0.00E+00 6.49E-03
ACETOPHENONE 6.00E-02 3.91E-01 -- -- 2.93E+00 1.76E-01 1.15E+00 3.93E-04 1.49E-02 0.00E+00 1.53E-02 2.56E-03 9.74E-02 0.00E+00 9.99E-02
CARBON DISULFIDE 1.80E-03 4.00E-03 -- -- 5.12E+00 9.22E-03 2.05E-02 1.18E-05 7.84E-04 0.00E+00 7.95E-04 2.62E-05 1.74E-03 0.00E+00 1.77E-03
CHLOROFORM 8.80E-03 5.26E-03 -- -- 9.08E+00 7.99E-02 4.77E-02 5.76E-05 6.79E-03 0.00E+00 6.85E-03 3.44E-05 4.06E-03 0.00E+00 4.09E-03
ETHYLBENZENE 3.90E-03 3.98E-03 -- -- 5.90E-01 2.30E-03 2.35E-03 2.55E-05 1.96E-04 0.00E+00 2.21E-04 2.60E-05 2.00E-04 0.00E+00 2.26E-04

STYRENE 3.50E-03 4.34E-03 -- -- 8.27E-01 2.89E-03 3.59E-03 2.29E-05 2.46E-04 0.00E+00 2.69E-04 2.84E-05 3.05E-04 0.00E+00 3.34E-04
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Table H-2
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CYANIDE (TOTAL) 6.50E+00 3.77E-01 1.83E-01 4.69E-02 8.00E-02 5.20E-01 3.02E-02 1.34E-01 1.10E-01 3.64E-02 2.81E-01 7.80E-03 6.36E-03 9.33E-03 2.35E-02
NITRATE AS N 9.70E+02 8.03E+01 4.40E-03 -- 1.00E+00 9.70E+02 8.03E+01 2.01E+01 2.05E+02 8.76E-04 2.25E+02 1.66E+00 1.69E+01 0.00E+00 1.86E+01
NITRITE AS N -- -- 1.10E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.19E-03 2.19E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 4.20E+04 1.10E+04 2.70E+01 -- 1.00E+00 4.20E+04 1.10E+04 8.68E+02 8.86E+03 5.37E+00 9.74E+03 2.27E+02 2.32E+03 0.00E+00 2.54E+03

METALS

ALUMINUM 2.89E+04 1.45E+04 9.69E+02 2.55E+02 4.00E-03 1.16E+02 5.78E+01 5.98E+02 2.44E+01 1.93E+02 8.15E+02 2.99E+02 1.22E+01 5.07E+01 3.62E+02
ANTIMONY 1.89E+02 2.38E+01 5.56E-01 9.10E-02 2.00E-01 3.78E+01 4.76E+00 3.91E+00 7.98E+00 1.11E-01 1.20E+01 4.92E-01 1.00E+00 1.81E-02 1.52E+00

ARSENIC 1.20E+04 1.08E+03 1.91E+02 3.26E+01
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
2.73E+01 7.00E+00 2.48E+02 5.75E+00 3.80E+01 2.92E+02 2.23E+01 1.48E+00 6.48E+00 3.03E+01

BARIUM 3.42E+02 1.18E+02 3.29E+00 1.09E+00 1.50E-01 5.13E+01 1.77E+01 7.07E+00 1.08E+01 6.55E-01 1.86E+01 2.44E+00 3.73E+00 2.17E-01 6.38E+00
BERYLLIUM 7.20E-01 3.35E-01 1.46E-02 8.01E-03 1.00E-02 7.20E-03 3.35E-03 1.49E-02 1.52E-03 2.91E-03 1.93E-02 6.93E-03 7.07E-04 1.59E-03 9.23E-03

CADMIUM 5.43E+01 8.08E+00 2.88E+00 7.88E-01
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
5.50E+00 1.94E+00 1.12E+00 1.16E+00 5.73E-01 2.86E+00 1.67E-01 4.10E-01 1.57E-01 7.34E-01

CALCIUM 6.45E+04 1.97E+04 6.63E+02 3.02E+02 3.50E+00 2.26E+05 6.91E+04 1.33E+03 4.76E+04 1.32E+02 4.91E+04 4.08E+02 1.46E+04 6.02E+01 1.50E+04
CHROMIUM 8.86E+01 1.59E+01 5.72E-01 1.52E-01 7.50E-03 6.65E-01 1.19E-01 1.83E+00 1.40E-01 1.14E-01 2.09E+00 3.28E-01 2.51E-02 3.03E-02 3.84E-01
COBALT 5.82E+01 1.49E+01 1.32E+00 3.84E-01 2.00E-02 1.16E+00 2.98E-01 1.20E+00 2.46E-01 2.63E-01 1.71E+00 3.08E-01 6.28E-02 7.63E-02 4.47E-01

COPPER 1.18E+03 1.47E+02 4.72E+01 8.37E+00
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
3.17E+01 3.17E+01 2.44E+01 6.69E+00 9.39E+00 4.05E+01 3.03E+00 6.69E+00 1.66E+00 1.14E+01

FLUORIDE -- -- 1.40E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.79E-03 2.79E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.93E+05 5.73E+04 1.30E+04 1.53E+03 4.00E-03 7.72E+02 2.29E+02 3.99E+03 1.63E+02 2.59E+03 6.74E+03 1.19E+03 4.84E+01 3.04E+02 1.54E+03

LEAD 1.67E+04 1.26E+03 1.02E+01 1.06E+00
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
6.20E+01 1.45E+01 3.45E+02 1.31E+01 2.03E+00 3.60E+02 2.61E+01 3.07E+00 2.11E-01 2.94E+01

MAGNESIUM 2.41E+04 8.23E+03 1.44E+03 4.11E+02 1.00E+00 2.41E+04 8.23E+03 4.98E+02 5.09E+03 2.87E+02 5.87E+03 1.70E+02 1.74E+03 8.17E+01 1.99E+03
MANGANESE 1.86E+03 6.80E+02 5.06E+01 1.76E+01 2.50E-01 4.65E+02 1.70E+02 3.85E+01 9.81E+01 1.01E+01 1.47E+02 1.41E+01 3.59E+01 3.51E+00 5.34E+01

MERCURY 6.50E+01 5.74E+00 8.01E-02 8.26E-03
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
3.58E+00 9.56E-01 1.34E+00 7.55E-01 1.59E-02 2.12E+00 1.19E-01 2.02E-01 1.64E-03 3.22E-01

NICKEL 4.70E+01 1.36E+01 8.99E-01 2.54E-01
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
1.93E+00 7.64E-01 9.72E-01 4.07E-01 1.79E-01 1.56E+00 2.82E-01 1.61E-01 5.05E-02 4.94E-01

POTASSIUM 3.27E+03 1.33E+03 4.62E+01 2.40E+01 1.00E+00 3.27E+03 1.33E+03 6.76E+01 6.90E+02 9.19E+00 7.67E+02 2.75E+01 2.80E+02 4.78E+00 3.13E+02

SELENIUM 9.01E+01 1.56E+01 7.46E-01 1.81E-01
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
7.30E+01 1.06E+01 1.86E+00 1.54E+01 1.48E-01 1.74E+01 3.23E-01 2.23E+00 3.60E-02 2.59E+00

SILVER 1.02E+02 7.97E+00 3.79E-02 9.64E-03 4.00E-01 4.08E+01 3.19E+00 2.11E+00 8.61E+00 7.54E-03 1.07E+01 1.65E-01 6.73E-01 1.92E-03 8.39E-01
SODIUM 1.02E+03 2.20E+02 4.59E+01 9.94E+00 7.50E-02 7.65E+01 1.65E+01 2.11E+01 1.61E+01 9.13E+00 4.64E+01 4.55E+00 3.48E+00 1.98E+00 1.00E+01
THALLIUM 1.74E+01 4.16E+00 2.30E-03 1.67E-03 4.00E-03 6.96E-02 1.66E-02 3.60E-01 1.47E-02 4.58E-04 3.75E-01 8.60E-02 3.51E-03 3.32E-04 8.99E-02
VANADIUM 1.55E+02 5.84E+01 2.05E+00 2.80E-01 5.50E-03 8.53E-01 3.21E-01 3.21E+00 1.80E-01 4.08E-01 3.79E+00 1.21E+00 6.78E-02 5.58E-02 1.33E+00

ZINC 1.64E+04 2.00E+03 1.61E+03 3.68E+02
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.05E+03 3.28E+02 3.39E+02 2.23E+02 3.20E+02 8.82E+02 4.13E+01 6.91E+01 7.33E+01 1.84E+02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Plant) Uptake Maximum Case Scenario Doses
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Table H-2
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Plant) Uptake Maximum Case Scenario Doses

PAHS

BENZO(A)ANTHRACENE 7.60E-02 4.37E-01 -- -- 2.06E-02 1.57E-03 9.00E-03 1.57E-03 3.30E-04 0.00E+00 1.90E-03 9.03E-03 1.90E-03 0.00E+00 1.09E-02
BENZO(A)PYRENE 7.00E-02 4.36E-01 -- -- 1.37E-02 9.59E-04 5.98E-03 1.45E-03 2.02E-04 0.00E+00 1.65E-03 9.02E-03 1.26E-03 0.00E+00 1.03E-02
BENZO(B)FLUORANTHENE 5.50E-02 4.35E-01 -- -- 1.12E-02 6.16E-04 4.87E-03 1.14E-03 1.30E-04 0.00E+00 1.27E-03 8.99E-03 1.03E-03 0.00E+00 1.00E-02
BENZO(G,H,I)PERYLENE 2.20E-02 4.32E-01 -- -- 6.02E-03 1.32E-04 2.60E-03 4.55E-04 2.79E-05 0.00E+00 4.83E-04 8.93E-03 5.49E-04 0.00E+00 9.48E-03
BENZO(K)FLUORANTHENE 5.60E-02 4.35E-01 -- -- 1.12E-02 6.27E-04 4.87E-03 1.16E-03 1.32E-04 0.00E+00 1.29E-03 9.00E-03 1.03E-03 0.00E+00 1.00E-02
CHRYSENE 1.10E-01 4.40E-01 -- -- 2.06E-02 2.27E-03 9.06E-03 2.27E-03 4.78E-04 0.00E+00 2.75E-03 9.10E-03 1.91E-03 0.00E+00 1.10E-02
FLUORANTHENE 9.90E-02 4.39E-01 -- -- 5.33E-02 5.28E-03 2.34E-02 2.05E-03 1.11E-03 0.00E+00 3.16E-03 9.08E-03 4.94E-03 0.00E+00 1.40E-02
INDENO(1,2,3-CD)PYRENE 2.50E-02 4.32E-01 -- -- 6.06E-03 1.52E-04 2.62E-03 5.17E-04 3.20E-05 0.00E+00 5.49E-04 8.94E-03 5.53E-04 0.00E+00 9.49E-03
PHENANTHRENE 2.30E-02 4.32E-01 -- -- 1.02E-01 2.35E-03 4.41E-02 4.76E-04 4.95E-04 0.00E+00 9.71E-04 8.93E-03 9.30E-03 0.00E+00 1.82E-02
PYRENE 1.00E-01 4.39E-01 -- -- 5.85E-02 5.85E-03 2.57E-02 2.07E-03 1.23E-03 0.00E+00 3.30E-03 9.08E-03 5.42E-03 0.00E+00 1.45E-02
TOTAL HMW PAH 5.14E-01 5.14E-01 -- -- 0.00E+00 0.00E+00 1.06E-02 2.57E-03 0.00E+00 1.32E-02 7.21E-02 1.37E-02 0.00E+00 8.57E-02
TOTAL LMW PAH 1.22E-01 1.22E-01 -- -- 0.00E+00 0.00E+00 2.52E-03 1.61E-03 0.00E+00 4.13E-03 1.80E-02 1.42E-02 0.00E+00 3.22E-02

PCBS

AROCLOR-1242 1.70E-01 6.12E-02 -- -- 8.38E-03 1.43E-03 5.13E-04 3.52E-03 3.01E-04 0.00E+00 3.82E-03 1.26E-03 1.08E-04 0.00E+00 1.37E-03
AROCLOR-1254 6.70E-02 5.26E-02 -- -- 3.58E-03 2.40E-04 1.88E-04 1.39E-03 5.06E-05 0.00E+00 1.44E-03 1.09E-03 3.97E-05 0.00E+00 1.13E-03
AROCLOR-1260 2.20E-01 6.49E-02 -- -- 6.43E-04 1.41E-04 4.17E-05 4.55E-03 2.98E-05 0.00E+00 4.58E-03 1.34E-03 8.80E-06 0.00E+00 1.35E-03
Total PCBS 2.37E-01 1.31E-01 -- -- 8.38E-03 1.99E-03 1.10E-03 4.90E-03 4.19E-04 0.00E+00 5.32E-03 2.71E-03 2.32E-04 0.00E+00 2.94E-03

PESTICIDES

4,4'-DDD 1.40E-02 4.74E-03 -- -- 1.57E-02 2.19E-04 7.42E-05 2.89E-04 4.63E-05 0.00E+00 3.36E-04 9.79E-05 1.57E-05 0.00E+00 1.14E-04
4,4'-DDE 4.90E-03 3.70E-03 -- -- 1.32E-02 6.46E-05 4.88E-05 1.01E-04 1.36E-05 0.00E+00 1.15E-04 7.65E-05 1.03E-05 0.00E+00 8.68E-05
4,4'-DDT 3.40E-03 3.46E-03 -- -- 4.61E-03 1.57E-05 1.60E-05 7.03E-05 3.30E-06 0.00E+00 7.36E-05 7.16E-05 3.37E-06 0.00E+00 7.50E-05
Total DDTr 1.89E-02 1.26E-02 -- -- 1.57E-02 2.96E-04 1.97E-04 3.91E-04 6.25E-05 0.00E+00 4.53E-04 2.60E-04 4.16E-05 0.00E+00 3.01E-04
ALPHA-CHLORDANE 4.40E-03 2.05E-03 -- -- 9.33E-03 4.10E-05 1.92E-05 9.10E-05 8.66E-06 0.00E+00 9.96E-05 4.25E-05 4.04E-06 0.00E+00 4.65E-05
BETA-BHC 5.80E-03 2.25E-03 -- -- 1.34E-01 7.75E-04 3.00E-04 1.20E-04 1.63E-04 0.00E+00 2.83E-04 4.64E-05 6.33E-05 0.00E+00 1.10E-04
DELTA-BHC 3.50E-03 2.05E-03 -- -- 1.34E-01 4.68E-04 2.73E-04 7.24E-05 9.86E-05 0.00E+00 1.71E-04 4.23E-05 5.76E-05 0.00E+00 9.99E-05
DIELDRIN 3.60E-03 3.60E-03 -- -- 2.74E-02 9.87E-05 9.87E-05 7.44E-05 2.08E-05 0.00E+00 9.53E-05 7.44E-05 2.08E-05 0.00E+00 9.53E-05
ENDRIN KETONE 3.20E-03 3.69E-03 -- -- 5.06E-02 1.62E-04 1.87E-04 6.62E-05 3.41E-05 0.00E+00 1.00E-04 7.63E-05 3.94E-05 0.00E+00 1.16E-04
GAMMA-BHC (LINDANE) 1.70E-03 1.88E-03 -- -- 1.34E-01 2.27E-04 2.51E-04 3.52E-05 4.79E-05 0.00E+00 8.31E-05 3.89E-05 5.30E-05 0.00E+00 9.19E-05
GAMMA-CHLORDANE 3.90E-03 2.05E-03 -- -- 9.33E-03 3.64E-05 1.91E-05 8.06E-05 7.67E-06 0.00E+00 8.83E-05 4.23E-05 4.03E-06 0.00E+00 4.63E-05
HEPTACHLOR 4.30E-03 2.12E-03 -- -- 1.59E-02 6.83E-05 3.36E-05 8.89E-05 1.44E-05 0.00E+00 1.03E-04 4.38E-05 7.10E-06 0.00E+00 5.09E-05

SEMIVOLATILES

4-CHLOROANILINE 4.30E-02 4.33E-01 -- -- 0.00E+00 0.00E+00 0.00E+00 8.89E-04 0.00E+00 0.00E+00 8.89E-04 8.95E-03 0.00E+00 0.00E+00 8.95E-03
BIS(2-ETHYLHEXYL)PHTHALATE 4.60E+00 4.97E-01 -- -- 4.30E-02 1.98E-01 2.14E-02 9.51E-02 4.17E-02 0.00E+00 1.37E-01 1.03E-02 4.51E-03 0.00E+00 1.48E-02
BUTYLBENZYLPHTHALATE 3.40E+02 3.11E+01 -- -- 6.17E-02 2.10E+01 1.92E+00 7.03E+00 4.43E+00 0.00E+00 1.15E+01 6.42E-01 4.05E-01 0.00E+00 1.05E+00
CAPROLACTAM 8.00E-02 3.91E-01 -- -- 1.61E+01 1.29E+00 6.29E+00 1.65E-03 2.72E-01 0.00E+00 2.73E-01 8.08E-03 1.33E+00 0.00E+00 1.33E+00
DIMETHYLPHTHALATE 7.20E-02 4.37E-01 -- -- 4.25E+00 3.06E-01 1.86E+00 1.49E-03 6.46E-02 0.00E+00 6.61E-02 9.03E-03 3.92E-01 0.00E+00 4.01E-01
DI-N-BUTYLPHTHALATE 3.60E+00 5.01E-01 -- -- 8.38E-02 3.02E-01 4.20E-02 7.44E-02 6.37E-02 0.00E+00 1.38E-01 1.04E-02 8.86E-03 0.00E+00 1.92E-02

VOLATILES

2-BUTANONE 1.00E-02 9.16E-03 -- -- 5.33E+01 5.33E-01 4.88E-01 2.07E-04 1.12E-01 0.00E+00 1.13E-01 1.89E-04 1.03E-01 0.00E+00 1.03E-01
ACETONE 3.30E-02 1.79E-02 -- -- 4.20E+00 1.38E-01 7.49E-02 6.82E-04 2.92E-02 0.00E+00 2.99E-02 3.69E-04 1.58E-02 0.00E+00 1.62E-02
ACETOPHENONE 6.00E-02 3.91E-01 -- -- 2.93E+00 1.76E-01 1.15E+00 1.24E-03 3.71E-02 0.00E+00 3.83E-02 8.09E-03 2.42E-01 0.00E+00 2.50E-01
CARBON DISULFIDE 1.80E-03 4.00E-03 -- -- 5.12E+00 9.22E-03 2.05E-02 3.72E-05 1.95E-03 0.00E+00 1.98E-03 8.27E-05 4.32E-03 0.00E+00 4.41E-03
CHLOROFORM 8.80E-03 5.26E-03 -- -- 9.08E+00 7.99E-02 4.77E-02 1.82E-04 1.69E-02 0.00E+00 1.70E-02 1.09E-04 1.01E-02 0.00E+00 1.02E-02
ETHYLBENZENE 3.90E-03 3.98E-03 -- -- 5.90E-01 2.30E-03 2.35E-03 8.06E-05 4.86E-04 0.00E+00 5.66E-04 8.23E-05 4.95E-04 0.00E+00 5.78E-04

STYRENE 3.50E-03 4.34E-03 -- -- 8.27E-01 2.89E-03 3.59E-03 7.24E-05 6.11E-04 0.00E+00 6.83E-04 8.97E-05 7.57E-04 0.00E+00 8.47E-04
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Table H-3
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CYANIDE (TOTAL) 6.50E+00 3.77E-01 1.83E-01 4.69E-02 1.00E+00 6.50E+00 3.77E-01 1.72E-01 1.32E+00 3.11E-02 1.52E+00 9.95E-03 7.65E-02 7.97E-03 9.45E-02
NITRATE AS N 9.70E+02 8.03E+01 4.40E-03 -- 1.00E+00 9.70E+02 8.03E+01 2.56E+01 1.97E+02 7.48E-04 2.23E+02 2.12E+00 1.63E+01 0.00E+00 1.84E+01
NITRITE AS N -- -- 1.10E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.87E-03 1.87E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 4.20E+04 1.10E+04 2.70E+01 -- 1.00E+00 4.20E+04 1.10E+04 1.11E+03 8.53E+03 4.59E+00 9.64E+03 2.90E+02 2.23E+03 0.00E+00 2.52E+03

METALS

ALUMINUM 2.89E+04 1.45E+04 9.69E+02 2.55E+02 1.18E-01 3.41E+03 1.71E+03 7.63E+02 6.92E+02 1.65E+02 1.62E+03 3.82E+02 3.46E+02 4.33E+01 7.71E+02
ANTIMONY 1.89E+02 2.38E+01 5.56E-01 9.10E-02 1.00E+00 1.89E+02 2.38E+01 4.99E+00 3.84E+01 9.45E-02 4.34E+01 6.28E-01 4.83E+00 1.55E-02 5.48E+00

ARSENIC 1.20E+04 1.08E+03 1.91E+02 3.26E+01
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
1.83E+02 3.34E+01 3.17E+02 3.72E+01 3.25E+01 3.86E+02 2.84E+01 6.78E+00 5.54E+00 4.08E+01

BARIUM 3.42E+02 1.18E+02 3.29E+00 1.09E+00 1.60E-01 5.47E+01 1.88E+01 9.03E+00 1.11E+01 5.59E-01 2.07E+01 3.11E+00 3.83E+00 1.86E-01 7.12E+00
BERYLLIUM 7.20E-01 3.35E-01 1.46E-02 8.01E-03 1.18E+00 8.50E-01 3.95E-01 1.90E-02 1.72E-01 2.48E-03 1.94E-01 8.84E-03 8.02E-02 1.36E-03 9.04E-02

CADMIUM 5.43E+01 8.08E+00 2.88E+00 7.88E-01
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
1.98E+02 4.36E+01 1.43E+00 4.02E+01 4.90E-01 4.22E+01 2.13E-01 8.85E+00 1.34E-01 9.20E+00

CALCIUM 6.45E+04 1.97E+04 6.63E+02 3.02E+02 1.00E+00 6.45E+04 1.97E+04 1.70E+03 1.31E+04 1.13E+02 1.49E+04 5.21E+02 4.00E+03 5.14E+01 4.58E+03

CHROMIUM 8.86E+01 1.59E+01 5.72E-01 1.52E-01
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
8.85E+00 9.93E+00 2.34E+00 1.80E+00 9.72E-02 4.23E+00 4.19E-01 2.02E+00 2.59E-02 2.46E+00

COBALT 5.82E+01 1.49E+01 1.32E+00 3.84E-01 2.91E-01 1.69E+01 4.33E+00 1.54E+00 3.44E+00 2.24E-01 5.20E+00 3.93E-01 8.79E-01 6.52E-02 1.34E+00

COPPER 1.18E+03 1.47E+02 4.72E+01 8.37E+00
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
3.45E+01 1.99E+01 3.11E+01 7.01E+00 8.02E+00 4.62E+01 3.87E+00 4.04E+00 1.42E+00 9.33E+00

FLUORIDE -- -- 1.40E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.38E-03 2.38E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.93E+05 5.73E+04 1.30E+04 1.53E+03 7.80E-02 1.51E+04 4.47E+03 5.09E+03 3.06E+03 2.21E+03 1.04E+04 1.51E+03 9.08E+02 2.60E+02 2.68E+03

LEAD 1.67E+04 1.26E+03 1.02E+01 1.06E+00
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
2.06E+03 2.56E+02 4.41E+02 4.17E+02 1.73E+00 8.60E+02 3.33E+01 5.19E+01 1.81E-01 8.53E+01

MAGNESIUM 2.41E+04 8.23E+03 1.44E+03 4.11E+02 5.30E-01 1.28E+04 4.36E+03 6.36E+02 2.59E+03 2.45E+02 3.47E+03 2.17E+02 8.85E+02 6.98E+01 1.17E+03

MANGANESE 1.86E+03 6.80E+02 5.06E+01 1.76E+01
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
7.56E+01 3.80E+01 4.91E+01 1.53E+01 8.60E+00 7.30E+01 1.79E+01 7.72E+00 3.00E+00 2.87E+01

MERCURY 6.50E+01 5.74E+00 8.01E-02 8.26E-03
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
8.26E-01 6.20E-01 1.72E+00 1.68E-01 1.36E-02 1.90E+00 1.51E-01 1.26E-01 1.40E-03 2.79E-01

NICKEL 4.70E+01 1.36E+01 8.99E-01 2.54E-01
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
1.45E+01 2.00E+01 1.24E+00 2.95E+00 1.53E-01 4.34E+00 3.60E-01 4.07E+00 4.31E-02 4.47E+00

POTASSIUM 3.27E+03 1.33E+03 4.62E+01 2.40E+01 1.00E+00 3.27E+03 1.33E+03 8.63E+01 6.64E+02 7.85E+00 7.58E+02 3.51E+01 2.70E+02 4.08E+00 3.09E+02

SELENIUM 9.01E+01 1.56E+01 7.46E-01 1.81E-01
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
2.51E+01 6.96E+00 2.38E+00 5.10E+00 1.27E-01 7.61E+00 4.13E-01 1.41E+00 3.07E-02 1.86E+00

SILVER 1.02E+02 7.97E+00 3.79E-02 9.64E-03 1.53E+01 1.56E+03 1.22E+02 2.69E+00 3.17E+02 6.44E-03 3.20E+02 2.10E-01 2.48E+01 1.64E-03 2.50E+01

SODIUM 1.02E+03 2.20E+02 4.59E+01 9.94E+00 1.00E+00 1.02E+03 2.20E+02 2.69E+01 2.07E+02 7.80E+00 2.42E+02 5.80E+00 4.46E+01 1.69E+00 5.21E+01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-3
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

THALLIUM 1.74E+01 4.16E+00 2.30E-03 1.67E-03 1.00E+00 1.74E+01 4.16E+00 4.59E-01 3.53E+00 3.91E-04 3.99E+00 1.10E-01 8.44E-01 2.83E-04 9.55E-01

VANADIUM 1.55E+02 5.84E+01 2.05E+00 2.80E-01 8.80E-01 1.36E+02 5.14E+01 4.09E+00 2.77E+01 3.49E-01 3.21E+01 1.54E+00 1.04E+01 4.77E-02 1.20E+01

ZINC 1.64E+04 2.00E+03 1.61E+03 3.68E+02
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
2.06E+03 1.03E+03 4.33E+02 4.19E+02 2.74E+02 1.13E+03 5.26E+01 2.10E+02 6.26E+01 3.25E+02

PAHS

BENZO(A)ANTHRACENE 7.60E-02 4.37E-01 -- -- 2.70E-01 2.05E-02 1.18E-01 2.01E-03 4.17E-03 0.00E+00 6.17E-03 1.15E-02 2.39E-02 0.00E+00 3.55E-02
BENZO(A)PYRENE 7.00E-02 4.36E-01 -- -- 3.40E-01 2.38E-02 1.48E-01 1.85E-03 4.83E-03 0.00E+00 6.68E-03 1.15E-02 3.01E-02 0.00E+00 4.16E-02
BENZO(B)FLUORANTHENE 5.50E-02 4.35E-01 -- -- 2.10E-01 1.16E-02 9.14E-02 1.45E-03 2.34E-03 0.00E+00 3.80E-03 1.15E-02 1.85E-02 0.00E+00 3.00E-02
BENZO(G,H,I)PERYLENE 2.20E-02 4.32E-01 -- -- 1.50E-01 3.30E-03 6.48E-02 5.81E-04 6.70E-04 0.00E+00 1.25E-03 1.14E-02 1.32E-02 0.00E+00 2.46E-02
BENZO(K)FLUORANTHENE 5.60E-02 4.35E-01 -- -- 2.10E-01 1.18E-02 9.14E-02 1.48E-03 2.39E-03 0.00E+00 3.87E-03 1.15E-02 1.85E-02 0.00E+00 3.00E-02
CHRYSENE 1.10E-01 4.40E-01 -- -- 4.40E-01 4.84E-02 1.94E-01 2.90E-03 9.83E-03 0.00E+00 1.27E-02 1.16E-02 3.93E-02 0.00E+00 5.09E-02
FLUORANTHENE 9.90E-02 4.39E-01 -- -- 3.70E-01 3.66E-02 1.62E-01 2.61E-03 7.44E-03 0.00E+00 1.00E-02 1.16E-02 3.30E-02 0.00E+00 4.46E-02
INDENO(1,2,3-CD)PYRENE 2.50E-02 4.32E-01 -- -- 4.10E-01 1.03E-02 1.77E-01 6.60E-04 2.08E-03 0.00E+00 2.74E-03 1.14E-02 3.60E-02 0.00E+00 4.74E-02
PHENANTHRENE 2.30E-02 4.32E-01 -- -- 2.80E-01 6.44E-03 1.21E-01 6.07E-04 1.31E-03 0.00E+00 1.91E-03 1.14E-02 2.46E-02 0.00E+00 3.60E-02
PYRENE 1.00E-01 4.39E-01 -- -- 3.90E-01 3.90E-02 1.71E-01 2.64E-03 7.92E-03 0.00E+00 1.06E-02 1.16E-02 3.48E-02 0.00E+00 4.64E-02
TOTAL HMW PAH 5.14E-01 5.14E-01 -- -- 0.00E+00 0.00E+00 1.36E-02 3.42E-02 0.00E+00 4.78E-02 9.20E-02 2.14E-01 0.00E+00 3.06E-01
TOTAL LMW PAH 1.22E-01 1.22E-01 -- -- 0.00E+00 0.00E+00 3.22E-03 8.74E-03 0.00E+00 1.20E-02 2.30E-02 5.75E-02 0.00E+00 8.05E-02

PCBS

AROCLOR-1242 1.70E-01 6.12E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.67E-01 9.14E-02 4.49E-03 7.46E-02 0.00E+00 7.90E-02 1.61E-03 1.85E-02 0.00E+00 2.02E-02

AROCLOR-1254 6.70E-02 5.26E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
1.03E-01 7.44E-02 1.77E-03 2.10E-02 0.00E+00 2.28E-02 1.39E-03 1.51E-02 0.00E+00 1.65E-02

AROCLOR-1260 2.20E-01 6.49E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
5.22E-01 9.91E-02 5.81E-03 1.06E-01 0.00E+00 1.12E-01 1.71E-03 2.01E-02 0.00E+00 2.18E-02

Total PCBS 2.37E-01 1.31E-01 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
5.77E-01 2.58E-01 6.25E-03 1.17E-01 0.00E+00 1.23E-01 3.46E-03 5.23E-02 0.00E+00 5.58E-02

PESTICIDES

4,4'-DDD 1.40E-02 4.74E-03 -- -- 9.00E+00 1.26E-01 4.26E-02 3.69E-04 2.56E-02 0.00E+00 2.59E-02 1.25E-04 8.65E-03 0.00E+00 8.78E-03
4,4'-DDE 4.90E-03 3.70E-03 -- -- 9.00E+00 4.41E-02 3.33E-02 1.29E-04 8.95E-03 0.00E+00 9.08E-03 9.76E-05 6.76E-03 0.00E+00 6.86E-03
4,4'-DDT 3.40E-03 3.46E-03 -- -- 9.00E+00 3.06E-02 3.12E-02 8.97E-05 6.21E-03 0.00E+00 6.30E-03 9.14E-05 6.33E-03 0.00E+00 6.42E-03
Total DDTr 1.89E-02 1.26E-02 -- -- 9.00E+00 1.70E-01 1.13E-01 4.99E-04 3.45E-02 0.00E+00 3.50E-02 3.32E-04 2.30E-02 0.00E+00 2.33E-02
ALPHA-CHLORDANE 4.40E-03 2.05E-03 -- -- 1.00E+00 4.40E-03 2.05E-03 1.16E-04 8.93E-04 0.00E+00 1.01E-03 5.42E-05 4.17E-04 0.00E+00 4.71E-04
BETA-BHC 5.80E-03 2.25E-03 -- -- 1.00E+00 5.80E-03 2.25E-03 1.53E-04 1.18E-03 0.00E+00 1.33E-03 5.93E-05 4.56E-04 0.00E+00 5.15E-04
DELTA-BHC 3.50E-03 2.05E-03 -- -- 1.00E+00 3.50E-03 2.05E-03 9.24E-05 7.11E-04 0.00E+00 8.03E-04 5.40E-05 4.15E-04 0.00E+00 4.69E-04
DIELDRIN 3.60E-03 3.60E-03 -- -- 1.79E+00 6.44E-03 6.44E-03 9.50E-05 1.31E-03 0.00E+00 1.40E-03 9.50E-05 1.31E-03 0.00E+00 1.40E-03
ENDRIN KETONE 3.20E-03 3.69E-03 -- -- 3.50E+00 1.12E-02 1.29E-02 8.44E-05 2.27E-03 0.00E+00 2.36E-03 9.74E-05 2.62E-03 0.00E+00 2.72E-03
GAMMA-BHC (LINDANE) 1.70E-03 1.88E-03 -- -- 1.00E+00 1.70E-03 1.88E-03 4.49E-05 3.45E-04 0.00E+00 3.90E-04 4.97E-05 3.82E-04 0.00E+00 4.32E-04
GAMMA-CHLORDANE 3.90E-03 2.05E-03 -- -- 4.20E+00 1.64E-02 8.59E-03 1.03E-04 3.33E-03 0.00E+00 3.43E-03 5.40E-05 1.74E-03 0.00E+00 1.80E-03

HEPTACHLOR 4.30E-03 2.12E-03 -- -- 1.00E+00 4.30E-03 2.12E-03 1.13E-04 8.73E-04 0.00E+00 9.86E-04 5.59E-05 4.30E-04 0.00E+00 4.86E-04
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Table H-3
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

SEMIVOLATILES

4-CHLOROANILINE 4.30E-02 4.33E-01 -- -- 1.00E+00 4.30E-02 4.33E-01 1.13E-03 8.73E-03 0.00E+00 9.86E-03 1.14E-02 8.79E-02 0.00E+00 9.93E-02
BIS(2-ETHYLHEXYL)PHTHALATE 4.60E+00 4.97E-01 -- -- 1.00E+00 4.60E+00 4.97E-01 1.21E-01 9.34E-01 0.00E+00 1.06E+00 1.31E-02 1.01E-01 0.00E+00 1.14E-01
BUTYLBENZYLPHTHALATE 3.40E+02 3.11E+01 -- -- 1.00E+00 3.40E+02 3.11E+01 8.97E+00 6.90E+01 0.00E+00 7.80E+01 8.20E-01 6.31E+00 0.00E+00 7.13E+00
CAPROLACTAM 8.00E-02 3.91E-01 -- -- 1.00E+00 8.00E-02 3.91E-01 2.11E-03 1.62E-02 0.00E+00 1.84E-02 1.03E-02 7.93E-02 0.00E+00 8.96E-02
DIMETHYLPHTHALATE 7.20E-02 4.37E-01 -- -- 1.00E+00 7.20E-02 4.37E-01 1.90E-03 1.46E-02 0.00E+00 1.65E-02 1.15E-02 8.86E-02 0.00E+00 1.00E-01
DI-N-BUTYLPHTHALATE 3.60E+00 5.01E-01 -- -- 1.00E+00 3.60E+00 5.01E-01 9.50E-02 7.31E-01 0.00E+00 8.26E-01 1.32E-02 1.02E-01 0.00E+00 1.15E-01

VOLATILES

2-BUTANONE 1.00E-02 9.16E-03 -- -- 0.00E+00 0.00E+00 0.00E+00 2.64E-04 0.00E+00 0.00E+00 2.64E-04 2.42E-04 0.00E+00 0.00E+00 2.42E-04
ACETONE 3.30E-02 1.79E-02 -- -- 1.00E+00 3.30E-02 1.79E-02 8.71E-04 6.70E-03 0.00E+00 7.57E-03 4.71E-04 3.63E-03 0.00E+00 4.10E-03
ACETOPHENONE 6.00E-02 3.91E-01 -- -- 1.00E+00 6.00E-02 3.91E-01 1.58E-03 1.22E-02 0.00E+00 1.38E-02 1.03E-02 7.94E-02 0.00E+00 8.97E-02
CARBON DISULFIDE 1.80E-03 4.00E-03 -- -- 1.00E+00 1.80E-03 4.00E-03 4.75E-05 3.65E-04 0.00E+00 4.13E-04 1.06E-04 8.12E-04 0.00E+00 9.18E-04
CHLOROFORM 8.80E-03 5.26E-03 -- -- 1.00E+00 8.80E-03 5.26E-03 2.32E-04 1.79E-03 0.00E+00 2.02E-03 1.39E-04 1.07E-03 0.00E+00 1.21E-03
ETHYLBENZENE 3.90E-03 3.98E-03 -- -- 1.00E+00 3.90E-03 3.98E-03 1.03E-04 7.92E-04 0.00E+00 8.95E-04 1.05E-04 8.08E-04 0.00E+00 9.13E-04

STYRENE 3.50E-03 4.34E-03 -- -- 1.00E+00 3.50E-03 4.34E-03 9.24E-05 7.11E-04 0.00E+00 8.03E-04 1.15E-04 8.81E-04 0.00E+00 9.96E-04
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Table H-4
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CYANIDE (TOTAL) 6.50E+00 3.77E-01 1.83E-01 4.69E-02 1.00E+00 6.50E+00 3.77E-01 4.87E-02 5.23E-01 1.61E-01 7.33E-01 2.82E-03 3.03E-02 4.13E-02 7.44E-02
NITRATE AS N 9.70E+02 8.03E+01 4.40E-03 -- 1.00E+00 9.70E+02 8.03E+01 7.26E+00 7.81E+01 3.87E-03 8.54E+01 6.01E-01 6.46E+00 0.00E+00 7.06E+00
NITRITE AS N -- -- 1.10E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.68E-03 9.68E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 4.20E+04 1.10E+04 2.70E+01 -- 1.00E+00 4.20E+04 1.10E+04 3.14E+02 3.38E+03 2.38E+01 3.72E+03 8.21E+01 8.83E+02 0.00E+00 9.65E+02

METALS

ALUMINUM 2.89E+04 1.45E+04 9.69E+02 2.55E+02 1.18E-01 3.41E+03 1.71E+03 2.16E+02 2.75E+02 8.53E+02 1.34E+03 1.08E+02 1.37E+02 2.24E+02 4.70E+02
ANTIMONY 1.89E+02 2.38E+01 5.56E-01 9.10E-02 1.00E+00 1.89E+02 2.38E+01 1.41E+00 1.52E+01 4.89E-01 1.71E+01 1.78E-01 1.92E+00 8.00E-02 2.18E+00

ARSENIC 1.20E+04 1.08E+03 1.91E+02 3.26E+01
ln(dry worm conc, mg/kg) =

(-1.421+0.706*ln(soil conc))
1.83E+02 3.34E+01 8.98E+01 1.47E+01 1.68E+02 2.73E+02 8.07E+00 2.69E+00 2.87E+01 3.94E+01

BARIUM 3.42E+02 1.18E+02 3.29E+00 1.09E+00 1.60E-01 5.47E+01 1.88E+01 2.56E+00 4.40E+00 2.90E+00 9.86E+00 8.82E-01 1.52E+00 9.61E-01 3.36E+00
BERYLLIUM 7.20E-01 3.35E-01 1.46E-02 8.01E-03 1.18E+00 8.50E-01 3.95E-01 5.39E-03 6.84E-02 1.28E-02 8.66E-02 2.51E-03 3.18E-02 7.05E-03 4.14E-02

CADMIUM 5.43E+01 8.08E+00 2.88E+00 7.88E-01
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
1.98E+02 4.36E+01 4.07E-01 1.60E+01 2.53E+00 1.89E+01 6.05E-02 3.51E+00 6.93E-01 4.26E+00

CALCIUM 6.45E+04 1.97E+04 6.63E+02 3.02E+02 1.00E+00 6.45E+04 1.97E+04 4.83E+02 5.19E+03 5.83E+02 6.26E+03 1.48E+02 1.59E+03 2.66E+02 2.00E+03

CHROMIUM 8.86E+01 1.59E+01 5.72E-01 1.52E-01
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
8.85E+00 9.93E+00 6.63E-01 7.13E-01 5.03E-01 1.88E+00 1.19E-01 8.00E-01 1.34E-01 1.05E+00

COBALT 5.82E+01 1.49E+01 1.32E+00 3.84E-01 2.91E-01 1.69E+01 4.33E+00 4.36E-01 1.36E+00 1.16E+00 2.96E+00 1.11E-01 3.49E-01 3.38E-01 7.98E-01

COPPER 1.18E+03 1.47E+02 4.72E+01 8.37E+00
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
3.45E+01 1.99E+01 8.83E+00 2.78E+00 4.15E+01 5.32E+01 1.10E+00 1.60E+00 7.36E+00 1.01E+01

FLUORIDE -- -- 1.40E-02 -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.23E-02 1.23E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.93E+05 5.73E+04 1.30E+04 1.53E+03 7.80E-02 1.51E+04 4.47E+03 1.44E+03 1.21E+03 1.14E+04 1.41E+04 4.29E+02 3.60E+02 1.35E+03 2.13E+03

LEAD 1.67E+04 1.26E+03 1.02E+01 1.06E+00
ln(dry worm conc, mg/kg) =

(-0.218+0.807*ln(soil conc))
2.06E+03 2.56E+02 1.25E+02 1.65E+02 8.98E+00 2.99E+02 9.44E+00 2.06E+01 9.35E-01 3.10E+01

MAGNESIUM 2.41E+04 8.23E+03 1.44E+03 4.11E+02 5.30E-01 1.28E+04 4.36E+03 1.80E+02 1.03E+03 1.27E+03 2.48E+03 6.16E+01 3.51E+02 3.61E+02 7.74E+02

MANGANESE 1.86E+03 6.80E+02 5.06E+01 1.76E+01
ln(dry worm conc, mg/kg) =

(-0.809+0.682*ln(soil conc))
7.56E+01 3.80E+01 1.39E+01 6.08E+00 4.45E+01 6.45E+01 5.09E+00 3.06E+00 1.55E+01 2.37E+01

MERCURY 6.50E+01 5.74E+00 8.01E-02 8.26E-03
ln(dry worm conc, mg/kg) =

(-0.684+0.118*ln(soil conc))
8.26E-01 6.20E-01 4.87E-01 6.65E-02 7.05E-02 6.24E-01 4.30E-02 4.99E-02 7.27E-03 1.00E-01

NICKEL 4.70E+01 1.36E+01 8.99E-01 2.54E-01
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
1.45E+01 2.00E+01 3.52E-01 1.17E+00 7.91E-01 2.31E+00 1.02E-01 1.61E+00 2.23E-01 1.94E+00

POTASSIUM 3.27E+03 1.33E+03 4.62E+01 2.40E+01 1.00E+00 3.27E+03 1.33E+03 2.45E+01 2.63E+02 4.07E+01 3.28E+02 9.95E+00 1.07E+02 2.11E+01 1.38E+02

SELENIUM 9.01E+01 1.56E+01 7.46E-01 1.81E-01
ln(dry worm conc, mg/kg) =

(-0.075+0.733*ln(soil conc))
2.51E+01 6.96E+00 6.75E-01 2.02E+00 6.56E-01 3.35E+00 1.17E-01 5.61E-01 1.59E-01 8.37E-01

SILVER 1.02E+02 7.97E+00 3.79E-02 9.64E-03 1.53E+01 1.56E+03 1.22E+02 7.64E-01 1.26E+02 3.34E-02 1.26E+02 5.97E-02 9.82E+00 8.49E-03 9.88E+00
SODIUM 1.02E+03 2.20E+02 4.59E+01 9.94E+00 1.00E+00 1.02E+03 2.20E+02 7.64E+00 8.21E+01 4.04E+01 1.30E+02 1.65E+00 1.77E+01 8.75E+00 2.81E+01
THALLIUM 1.74E+01 4.16E+00 2.30E-03 1.67E-03 1.00E+00 1.74E+01 4.16E+00 1.30E-01 1.40E+00 2.02E-03 1.53E+00 3.11E-02 3.35E-01 1.47E-03 3.67E-01
VANADIUM 1.55E+02 5.84E+01 2.05E+00 2.80E-01 8.80E-01 1.36E+02 5.14E+01 1.16E+00 1.10E+01 1.80E+00 1.39E+01 4.37E-01 4.14E+00 2.47E-01 4.82E+00

ZINC 1.64E+04 2.00E+03 1.61E+03 3.68E+02
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
2.06E+03 1.03E+03 1.23E+02 1.66E+02 1.42E+03 1.71E+03 1.49E+01 8.32E+01 3.24E+02 4.22E+02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-4
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

PAHS

BENZO(A)ANTHRACENE 7.60E-02 4.37E-01 -- -- 2.70E-01 2.05E-02 1.18E-01 5.69E-04 1.65E-03 0.00E+00 2.22E-03 3.27E-03 9.50E-03 0.00E+00 1.28E-02
BENZO(A)PYRENE 7.00E-02 4.36E-01 -- -- 3.40E-01 2.38E-02 1.48E-01 5.24E-04 1.92E-03 0.00E+00 2.44E-03 3.27E-03 1.19E-02 0.00E+00 1.52E-02
BENZO(B)FLUORANTHENE 5.50E-02 4.35E-01 -- -- 2.10E-01 1.16E-02 9.14E-02 4.12E-04 9.30E-04 0.00E+00 1.34E-03 3.26E-03 7.35E-03 0.00E+00 1.06E-02
BENZO(G,H,I)PERYLENE 2.20E-02 4.32E-01 -- -- 1.50E-01 3.30E-03 6.48E-02 1.65E-04 2.66E-04 0.00E+00 4.30E-04 3.23E-03 5.22E-03 0.00E+00 8.45E-03
BENZO(K)FLUORANTHENE 5.60E-02 4.35E-01 -- -- 2.10E-01 1.18E-02 9.14E-02 4.19E-04 9.47E-04 0.00E+00 1.37E-03 3.26E-03 7.36E-03 0.00E+00 1.06E-02
CHRYSENE 1.10E-01 4.40E-01 -- -- 4.40E-01 4.84E-02 1.94E-01 8.24E-04 3.90E-03 0.00E+00 4.72E-03 3.29E-03 1.56E-02 0.00E+00 1.89E-02
FLUORANTHENE 9.90E-02 4.39E-01 -- -- 3.70E-01 3.66E-02 1.62E-01 7.41E-04 2.95E-03 0.00E+00 3.69E-03 3.29E-03 1.31E-02 0.00E+00 1.64E-02
INDENO(1,2,3-CD)PYRENE 2.50E-02 4.32E-01 -- -- 4.10E-01 1.03E-02 1.77E-01 1.87E-04 8.25E-04 0.00E+00 1.01E-03 3.24E-03 1.43E-02 0.00E+00 1.75E-02
PHENANTHRENE 2.30E-02 4.32E-01 -- -- 2.80E-01 6.44E-03 1.21E-01 1.72E-04 5.18E-04 0.00E+00 6.91E-04 3.23E-03 9.74E-03 0.00E+00 1.30E-02
PYRENE 1.00E-01 4.39E-01 -- -- 3.90E-01 3.90E-02 1.71E-01 7.49E-04 3.14E-03 0.00E+00 3.89E-03 3.29E-03 1.38E-02 0.00E+00 1.71E-02
TOTAL HMW PAH 5.14E-01 5.14E-01 -- -- 0.00E+00 0.00E+00 3.85E-03 1.36E-02 0.00E+00 1.74E-02 2.61E-02 8.50E-02 0.00E+00 1.11E-01
TOTAL LMW PAH 1.22E-01 1.22E-01 -- -- 0.00E+00 0.00E+00 9.13E-04 3.47E-03 0.00E+00 4.38E-03 6.52E-03 2.28E-02 0.00E+00 2.93E-02

PCBS

AROCLOR-1242 1.70E-01 6.12E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil

conc))

3.67E-01 9.14E-02 1.27E-03 2.96E-02 0.00E+00 3.08E-02 4.58E-04 7.36E-03 0.00E+00 7.81E-03

AROCLOR-1254 6.70E-02 5.26E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil

conc))

1.03E-01 7.44E-02 5.02E-04 8.33E-03 0.00E+00 8.83E-03 3.94E-04 5.99E-03 0.00E+00 6.38E-03

AROCLOR-1260 2.20E-01 6.49E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil

conc))

5.22E-01 9.91E-02 1.65E-03 4.20E-02 0.00E+00 4.36E-02 4.86E-04 7.98E-03 0.00E+00 8.46E-03

Total PCBS 2.37E-01 1.31E-01 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil

conc))

5.77E-01 2.58E-01 1.77E-03 4.65E-02 0.00E+00 4.82E-02 9.81E-04 2.07E-02 0.00E+00 2.17E-02

PESTICIDES

4,4'-DDD 1.40E-02 4.74E-03 -- -- 9.00E+00 1.26E-01 4.26E-02 1.05E-04 1.01E-02 0.00E+00 1.02E-02 3.55E-05 3.43E-03 0.00E+00 3.47E-03
4,4'-DDE 4.90E-03 3.70E-03 -- -- 9.00E+00 4.41E-02 3.33E-02 3.67E-05 3.55E-03 0.00E+00 3.59E-03 2.77E-05 2.68E-03 0.00E+00 2.71E-03
4,4'-DDT 3.40E-03 3.46E-03 -- -- 9.00E+00 3.06E-02 3.12E-02 2.55E-05 2.46E-03 0.00E+00 2.49E-03 2.59E-05 2.51E-03 0.00E+00 2.54E-03
Total DDTr 1.89E-02 1.26E-02 -- -- 9.00E+00 1.70E-01 1.13E-01 1.41E-04 1.37E-02 0.00E+00 1.38E-02 9.41E-05 9.10E-03 0.00E+00 9.20E-03
ALPHA-CHLORDANE 4.40E-03 2.05E-03 -- -- 1.00E+00 4.40E-03 2.05E-03 3.29E-05 3.54E-04 0.00E+00 3.87E-04 1.54E-05 1.65E-04 0.00E+00 1.81E-04
BETA-BHC 5.80E-03 2.25E-03 -- -- 1.00E+00 5.80E-03 2.25E-03 4.34E-05 4.67E-04 0.00E+00 5.10E-04 1.68E-05 1.81E-04 0.00E+00 1.98E-04
DELTA-BHC 3.50E-03 2.05E-03 -- -- 1.00E+00 3.50E-03 2.05E-03 2.62E-05 2.82E-04 0.00E+00 3.08E-04 1.53E-05 1.65E-04 0.00E+00 1.80E-04
DIELDRIN 3.60E-03 3.60E-03 -- -- 1.79E+00 6.44E-03 6.44E-03 2.70E-05 5.19E-04 0.00E+00 5.46E-04 2.70E-05 5.19E-04 0.00E+00 5.46E-04
ENDRIN KETONE 3.20E-03 3.69E-03 -- -- 3.50E+00 1.12E-02 1.29E-02 2.40E-05 9.02E-04 0.00E+00 9.26E-04 2.76E-05 1.04E-03 0.00E+00 1.07E-03
GAMMA-BHC (LINDANE) 1.70E-03 1.88E-03 -- -- 1.00E+00 1.70E-03 1.88E-03 1.27E-05 1.37E-04 0.00E+00 1.50E-04 1.41E-05 1.51E-04 0.00E+00 1.66E-04
GAMMA-CHLORDANE 3.90E-03 2.05E-03 -- -- 4.20E+00 1.64E-02 8.59E-03 2.92E-05 1.32E-03 0.00E+00 1.35E-03 1.53E-05 6.92E-04 0.00E+00 7.07E-04
HEPTACHLOR 4.30E-03 2.12E-03 -- -- 1.00E+00 4.30E-03 2.12E-03 3.22E-05 3.46E-04 0.00E+00 3.78E-04 1.59E-05 1.71E-04 0.00E+00 1.86E-04

SEMIVOLATILES

4-CHLOROANILINE 4.30E-02 4.33E-01 -- -- 1.00E+00 4.30E-02 4.33E-01 3.22E-04 3.46E-03 0.00E+00 3.78E-03 3.24E-03 3.49E-02 0.00E+00 3.81E-02
BIS(2-ETHYLHEXYL)PHTHALATE 4.60E+00 4.97E-01 -- -- 1.00E+00 4.60E+00 4.97E-01 3.44E-02 3.70E-01 0.00E+00 4.05E-01 3.72E-03 4.00E-02 0.00E+00 4.37E-02
BUTYLBENZYLPHTHALATE 3.40E+02 3.11E+01 -- -- 1.00E+00 3.40E+02 3.11E+01 2.55E+00 2.74E+01 0.00E+00 2.99E+01 2.33E-01 2.50E+00 0.00E+00 2.73E+00
CAPROLACTAM 8.00E-02 3.91E-01 -- -- 1.00E+00 8.00E-02 3.91E-01 5.99E-04 6.44E-03 0.00E+00 7.04E-03 2.93E-03 3.15E-02 0.00E+00 3.44E-02
DIMETHYLPHTHALATE 7.20E-02 4.37E-01 -- -- 1.00E+00 7.20E-02 4.37E-01 5.39E-04 5.80E-03 0.00E+00 6.34E-03 3.27E-03 3.51E-02 0.00E+00 3.84E-02
DI-N-BUTYLPHTHALATE 3.60E+00 5.01E-01 -- -- 1.00E+00 3.60E+00 5.01E-01 2.70E-02 2.90E-01 0.00E+00 3.17E-01 3.75E-03 4.03E-02 0.00E+00 4.41E-02
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Table H-4
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

VOLATILES

2-BUTANONE 1.00E-02 9.16E-03 -- -- 0.00E+00 0.00E+00 0.00E+00 7.49E-05 0.00E+00 0.00E+00 7.49E-05 6.86E-05 0.00E+00 0.00E+00 6.86E-05
ACETONE 3.30E-02 1.79E-02 -- -- 1.00E+00 3.30E-02 1.79E-02 2.47E-04 2.66E-03 0.00E+00 2.90E-03 1.34E-04 1.44E-03 0.00E+00 1.57E-03
ACETOPHENONE 6.00E-02 3.91E-01 -- -- 1.00E+00 6.00E-02 3.91E-01 4.49E-04 4.83E-03 0.00E+00 5.28E-03 2.93E-03 3.15E-02 0.00E+00 3.44E-02
CARBON DISULFIDE 1.80E-03 4.00E-03 -- -- 1.00E+00 1.80E-03 4.00E-03 1.35E-05 1.45E-04 0.00E+00 1.58E-04 2.99E-05 3.22E-04 0.00E+00 3.52E-04
CHLOROFORM 8.80E-03 5.26E-03 -- -- 1.00E+00 8.80E-03 5.26E-03 6.59E-05 7.08E-04 0.00E+00 7.74E-04 3.94E-05 4.23E-04 0.00E+00 4.63E-04
ETHYLBENZENE 3.90E-03 3.98E-03 -- -- 1.00E+00 3.90E-03 3.98E-03 2.92E-05 3.14E-04 0.00E+00 3.43E-04 2.98E-05 3.20E-04 0.00E+00 3.50E-04
STYRENE 3.50E-03 4.34E-03 -- -- 1.00E+00 3.50E-03 4.34E-03 2.62E-05 2.82E-04 0.00E+00 3.08E-04 3.25E-05 3.49E-04 0.00E+00 3.82E-04
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Table H-5
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean Small Mammal Uptake

Factor (mg/kg to mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CYANIDE (TOTAL) 6.50E+00 3.77E-01 1.83E-01 4.69E-02 1.09E-01 1.07E-02 1.00E+00 6.50E+00 3.77E-01 3.28E-03 1.17E-01 1.37E-02 1.34E-01 1.90E-04 6.79E-03 3.52E-03 1.05E-02
NITRATE AS N 9.70E+02 8.03E+01 4.40E-03 -- 8.88E+01 7.35E+00 1.00E+00 9.70E+02 8.03E+01 4.89E-01 1.75E+01 3.30E-04 1.79E+01 4.05E-02 1.45E+00 0.00E+00 1.49E+00
NITRITE AS N -- -- 1.10E-02 -- 1.32E-03 0.00E+00 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.25E-04 8.25E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 4.20E+04 1.10E+04 2.70E+01 -- 3.85E+03 1.00E+03 1.00E+00 4.20E+04 1.10E+04 2.12E+01 7.56E+02 2.03E+00 7.79E+02 5.53E+00 1.97E+02 0.00E+00 2.03E+02

METALS

ALUMINUM 2.89E+04 1.45E+04 9.69E+02 2.55E+02 3.15E+02 1.30E+02 7.32E-02 2.12E+03 1.06E+03 1.46E+01 3.81E+01 7.27E+01 1.25E+02 7.29E+00 1.91E+01 1.91E+01 4.54E+01
ANTIMONY 1.89E+02 2.38E+01 5.56E-01 9.10E-02 4.52E+00 5.72E-01 2.12E-04 4.01E-02 5.05E-03 9.53E-02 7.21E-04 4.17E-02 1.38E-01 1.20E-02 9.09E-05 6.82E-03 1.89E-02

ARSENIC 1.20E+04 1.08E+03 1.91E+02 3.26E+01 1.04E+02 1.16E+01

ln(dry mammal conc,

mg/kg) = (-

4.8471+0.8188*ln(soil

conc))

1.72E+01 2.39E+00 6.05E+00 3.09E-01 1.43E+01 2.07E+01 5.43E-01 4.30E-02 2.44E+00 3.03E+00

BARIUM 3.42E+02 1.18E+02 3.29E+00 1.09E+00 6.99E+00 2.40E+00
ln(dry mammal conc,

mg/kg) = (-

1.412+0.7*ln(soil conc))

1.45E+01 6.86E+00 1.72E-01 2.61E-01 2.47E-01 6.80E-01 5.94E-02 1.24E-01 8.19E-02 2.65E-01

BERYLLIUM 7.20E-01 3.35E-01 1.46E-02 8.01E-03 7.08E-03 3.44E-03 2.12E-04 1.53E-04 7.10E-05 3.63E-04 2.75E-06 1.10E-03 1.46E-03 1.69E-04 1.28E-06 6.01E-04 7.71E-04

CADMIUM 5.43E+01 8.08E+00 2.88E+00 7.88E-01 1.17E+00 3.13E-01

ln(dry mammal conc,

mg/kg) = (-

0.4306+0.4865*ln(soil

conc))

4.54E+00 1.80E+00 2.74E-02 8.17E-02 2.16E-01 3.25E-01 4.07E-03 3.23E-02 5.91E-02 9.55E-02

CALCIUM 6.45E+04 1.97E+04 6.63E+02 3.02E+02 1.97E+04 6.03E+03 1.48E-04 9.55E+00 2.92E+00 3.25E+01 1.72E-01 4.97E+01 8.24E+01 9.94E+00 5.26E-02 2.27E+01 3.27E+01

CHROMIUM 8.86E+01 1.59E+01 5.72E-01 1.52E-01 7.05E-01 1.32E-01

ln(dry mammal conc,

mg/kg) = (-

1.4599+0.7338*ln(soil

conc))

6.24E+00 1.77E+00 4.47E-02 1.12E-01 4.29E-02 2.00E-01 8.00E-03 3.18E-02 1.14E-02 5.12E-02

COBALT 5.82E+01 1.49E+01 1.32E+00 3.84E-01 6.38E-01 1.69E-01 1.00E-01 5.82E+00 1.49E+00 2.93E-02 1.05E-01 9.90E-02 2.33E-01 7.50E-03 2.68E-02 2.88E-02 6.31E-02

COPPER 1.18E+03 1.47E+02 4.72E+01 8.37E+00 1.61E+01 4.66E+00

ln(dry mammal conc,

mg/kg) =

(2.042+0.1444*ln(soil

conc))

2.14E+01 1.58E+01 5.95E-01 3.85E-01 3.54E+00 4.52E+00 7.39E-02 2.85E-01 6.27E-01 9.86E-01

FLUORIDE -- -- 1.40E-02 -- 1.68E-03 0.00E+00 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.05E-03 1.05E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.93E+05 5.73E+04 1.30E+04 1.53E+03 2.89E+03 5.78E+02 4.24E-03 8.18E+02 2.43E+02 9.73E+01 1.47E+01 9.75E+02 1.09E+03 2.89E+01 4.37E+00 1.15E+02 1.48E+02

LEAD 1.67E+04 1.26E+03 1.02E+01 1.06E+00 1.16E+02 9.62E+00

ln(dry mammal conc,

mg/kg) =

(0.0761+0.4422*ln(soil

conc))

7.95E+01 2.54E+01 8.41E+00 1.43E+00 7.65E-01 1.06E+01 6.36E-01 4.57E-01 7.97E-02 1.17E+00

MAGNESIUM 2.41E+04 8.23E+03 1.44E+03 4.11E+02 2.38E+03 8.02E+02 1.06E-03 2.55E+01 8.72E+00 1.21E+01 4.60E-01 1.08E+02 1.21E+02 4.15E+00 1.57E-01 3.08E+01 3.51E+01
MANGANESE 1.86E+03 6.80E+02 5.06E+01 1.76E+01 5.78E+01 2.10E+01 5.87E-02 1.09E+02 3.99E+01 9.37E-01 1.97E+00 3.80E+00 6.70E+00 3.43E-01 7.18E-01 1.32E+00 2.38E+00
MERCURY 6.50E+01 5.74E+00 8.01E-02 8.26E-03 7.39E-01 1.20E-01 1.92E-01 1.25E+01 1.10E+00 3.28E-02 2.25E-01 6.01E-03 2.63E-01 2.89E-03 1.98E-02 6.19E-04 2.33E-02

NICKEL 4.70E+01 1.36E+01 8.99E-01 2.54E-01 5.79E-01 1.85E-01

ln(dry mammal conc,

mg/kg) = (-

0.2462+0.4658*ln(soil

conc))

4.70E+00 2.64E+00 2.37E-02 8.46E-02 6.74E-02 1.76E-01 6.87E-03 4.75E-02 1.90E-02 7.34E-02

POTASSIUM 3.27E+03 1.33E+03 4.62E+01 2.40E+01 3.05E+02 1.25E+02 4.24E-03 1.39E+01 5.63E+00 1.65E+00 2.50E-01 3.47E+00 5.36E+00 6.70E-01 1.01E-01 1.80E+00 2.57E+00

SELENIUM 9.01E+01 1.56E+01 7.46E-01 1.81E-01 6.89E+00 1.02E+00

ln(dry mammal conc,

mg/kg) = (-

0.4158+0.3764*ln(soil

conc))

3.59E+00 1.86E+00 4.54E-02 6.46E-02 5.60E-02 1.66E-01 7.88E-03 3.34E-02 1.36E-02 5.49E-02

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-5
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean Small Mammal Uptake

Factor (mg/kg to mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

SILVER 1.02E+02 7.97E+00 3.79E-02 9.64E-03 4.14E+00 3.24E-01 5.01E-01 5.11E+01 3.99E+00 5.14E-02 9.20E-01 2.84E-03 9.74E-01 4.02E-03 7.19E-02 7.23E-04 7.66E-02

SODIUM 1.02E+03 2.20E+02 4.59E+01 9.94E+00 1.87E+01 4.03E+00 1.17E-02 1.19E+01 2.57E+00 5.14E-01 2.15E-01 3.44E+00 4.17E+00 1.11E-01 4.63E-02 7.46E-01 9.03E-01
THALLIUM 1.74E+01 4.16E+00 2.30E-03 1.67E-03 1.20E-01 2.88E-02 1.23E-01 2.14E+00 5.12E-01 8.77E-03 3.85E-02 1.73E-04 4.75E-02 2.10E-03 9.21E-03 1.25E-04 1.14E-02
VANADIUM 1.55E+02 5.84E+01 2.05E+00 2.80E-01 1.33E+00 4.43E-01 1.79E-01 2.77E+01 1.05E+01 7.81E-02 4.99E-01 1.54E-01 7.31E-01 2.94E-02 1.88E-01 2.10E-02 2.39E-01

ZINC 1.64E+04 2.00E+03 1.61E+03 3.68E+02 3.90E+02 8.51E+01

ln(dry mammal conc,

mg/kg) =

(4.4713+0.0738*ln(soil

conc))

1.79E+02 1.53E+02 8.27E+00 3.22E+00 1.21E+02 1.32E+02 1.01E+00 2.76E+00 2.76E+01 3.14E+01

PAHS

BENZO(A)ANTHRACENE 7.60E-02 4.37E-01 -- -- 6.30E-04 3.62E-03 2.77E-03 2.11E-04 1.21E-03 3.83E-05 3.79E-06 0.00E+00 4.21E-05 2.20E-04 2.18E-05 0.00E+00 2.42E-04
BENZO(A)PYRENE 7.00E-02 4.36E-01 -- -- 5.40E-04 3.36E-03 5.73E-03 4.01E-04 2.50E-03 3.53E-05 7.22E-06 0.00E+00 4.25E-05 2.20E-04 4.50E-05 0.00E+00 2.65E-04
BENZO(B)FLUORANTHENE 5.50E-02 4.35E-01 -- -- 4.12E-04 3.26E-03 8.27E-03 4.55E-04 3.60E-03 2.77E-05 8.19E-06 0.00E+00 3.59E-05 2.19E-04 6.48E-05 0.00E+00 2.84E-04
BENZO(G,H,I)PERYLENE 2.20E-02 4.32E-01 -- -- 1.55E-04 3.05E-03 2.45E-02 5.39E-04 1.06E-02 1.11E-05 9.70E-06 0.00E+00 2.08E-05 2.18E-04 1.91E-04 0.00E+00 4.08E-04
BENZO(K)FLUORANTHENE 5.60E-02 4.35E-01 -- -- 4.20E-04 3.26E-03 8.27E-03 4.63E-04 3.60E-03 2.82E-05 8.34E-06 0.00E+00 3.66E-05 2.19E-04 6.48E-05 0.00E+00 2.84E-04
CHRYSENE 1.10E-01 4.40E-01 -- -- 9.13E-04 3.65E-03 2.77E-03 3.05E-04 1.22E-03 5.54E-05 5.48E-06 0.00E+00 6.09E-05 2.22E-04 2.19E-05 0.00E+00 2.44E-04
FLUORANTHENE 9.90E-02 4.39E-01 -- -- 1.10E-03 4.86E-03 5.07E-04 5.02E-05 2.23E-04 4.99E-05 9.03E-07 0.00E+00 5.08E-05 2.21E-04 4.01E-06 0.00E+00 2.25E-04
INDENO(1,2,3-CD)PYRENE 2.50E-02 4.32E-01 -- -- 1.77E-04 3.05E-03 2.47E-02 6.18E-04 1.07E-02 1.26E-05 1.11E-05 0.00E+00 2.37E-05 2.18E-04 1.92E-04 0.00E+00 4.10E-04
PHENANTHRENE 2.30E-02 4.32E-01 -- -- 3.50E-04 6.57E-03 1.58E-04 3.63E-06 6.83E-05 1.16E-05 6.54E-08 0.00E+00 1.17E-05 2.18E-04 1.23E-06 0.00E+00 2.19E-04
PYRENE 1.00E-01 4.39E-01 -- -- 1.15E-03 5.06E-03 4.29E-04 4.29E-05 1.88E-04 5.04E-05 7.72E-07 0.00E+00 5.12E-05 2.21E-04 3.39E-06 0.00E+00 2.25E-04
TOTAL HMW PAH 5.14E-01 5.14E-01 -- -- 4.40E-03 2.83E-02 0.00E+00 0.00E+00 2.59E-04 5.46E-05 0.00E+00 3.14E-04 1.76E-03 6.04E-04 0.00E+00 2.36E-03
TOTAL LMW PAH 1.22E-01 1.22E-01 -- -- 1.45E-03 1.14E-02 0.00E+00 0.00E+00 6.15E-05 9.69E-07 0.00E+00 6.25E-05 4.39E-04 5.24E-06 0.00E+00 4.44E-04

PCBS

AROCLOR-1242 1.70E-01 6.12E-02 -- -- 1.23E-03 4.44E-04 1.38E-02 2.35E-03 8.44E-04 8.57E-05 4.22E-05 0.00E+00 1.28E-04 3.08E-05 1.52E-05 0.00E+00 4.60E-05
AROCLOR-1254 6.70E-02 5.26E-02 -- -- 4.59E-04 3.60E-04 1.38E-02 9.25E-04 7.26E-04 3.38E-05 1.66E-05 0.00E+00 5.04E-05 2.65E-05 1.31E-05 0.00E+00 3.96E-05
AROCLOR-1260 2.20E-01 6.49E-02 -- -- 1.45E-03 4.28E-04 1.38E-02 3.04E-03 8.96E-04 1.11E-04 5.46E-05 0.00E+00 1.66E-04 3.27E-05 1.61E-05 0.00E+00 4.88E-05
Total PCBS 2.37E-01 1.31E-01 -- -- 1.55E-03 8.57E-04 1.38E-02 3.27E-03 1.81E-03 1.19E-04 5.89E-05 0.00E+00 1.78E-04 6.60E-05 3.25E-05 0.00E+00 9.86E-05

PESTICIDES

4,4'-DDD 1.40E-02 4.74E-03 -- -- 1.10E-04 3.73E-05 6.46E-03 9.04E-05 3.06E-05 7.06E-06 1.63E-06 0.00E+00 8.68E-06 2.39E-06 5.51E-07 0.00E+00 2.94E-06
4,4'-DDE 4.90E-03 3.70E-03 -- -- 3.76E-05 2.84E-05 6.46E-03 3.17E-05 2.39E-05 2.47E-06 5.70E-07 0.00E+00 3.04E-06 1.86E-06 4.30E-07 0.00E+00 2.30E-06
4,4'-DDT 3.40E-03 3.46E-03 -- -- 2.36E-05 2.40E-05 6.46E-03 2.20E-05 2.24E-05 1.71E-06 3.95E-07 0.00E+00 2.11E-06 1.75E-06 4.03E-07 0.00E+00 2.15E-06
Total DDTr 1.89E-02 1.26E-02 -- -- 1.24E-04 8.22E-05 6.46E-03 1.22E-04 8.12E-05 9.53E-06 2.20E-06 0.00E+00 1.17E-05 6.33E-06 1.46E-06 0.00E+00 7.79E-06
ALPHA-CHLORDANE 4.40E-03 2.05E-03 -- -- 3.23E-05 1.51E-05 2.06E-03 9.06E-06 4.23E-06 2.22E-06 1.63E-07 0.00E+00 2.38E-06 1.04E-06 7.62E-08 0.00E+00 1.11E-06
BETA-BHC 5.80E-03 2.25E-03 -- -- 1.04E-04 4.02E-05 3.13E-05 1.82E-07 7.03E-08 2.92E-06 3.27E-09 0.00E+00 2.93E-06 1.13E-06 1.27E-09 0.00E+00 1.13E-06
DELTA-BHC 3.50E-03 2.05E-03 -- -- 6.26E-05 3.66E-05 7.38E-05 2.58E-07 1.51E-07 1.76E-06 4.65E-09 0.00E+00 1.77E-06 1.03E-06 2.72E-09 0.00E+00 1.03E-06
DIELDRIN 3.60E-03 3.60E-03 -- -- 3.19E-05 3.19E-05 1.96E-04 7.06E-07 7.06E-07 1.81E-06 1.27E-08 0.00E+00 1.83E-06 1.81E-06 1.27E-08 0.00E+00 1.83E-06
ENDRIN KETONE 3.20E-03 3.69E-03 -- -- 3.47E-05 4.00E-05 3.53E-05 1.13E-07 1.30E-07 1.61E-06 2.03E-09 0.00E+00 1.61E-06 1.86E-06 2.35E-09 0.00E+00 1.86E-06
GAMMA-BHC (LINDANE) 1.70E-03 1.88E-03 -- -- 3.04E-05 3.37E-05 5.57E-04 9.47E-07 1.05E-06 8.57E-07 1.70E-08 0.00E+00 8.74E-07 9.48E-07 1.89E-08 0.00E+00 9.67E-07
GAMMA-CHLORDANE 3.90E-03 2.05E-03 -- -- 2.86E-05 1.50E-05 2.09E-05 8.15E-08 4.28E-08 1.97E-06 1.47E-09 0.00E+00 1.97E-06 1.03E-06 7.70E-10 0.00E+00 1.03E-06
HEPTACHLOR 4.30E-03 2.12E-03 -- -- 3.39E-05 1.67E-05 2.06E-03 8.86E-06 4.36E-06 2.17E-06 1.59E-07 0.00E+00 2.33E-06 1.07E-06 7.85E-08 0.00E+00 1.15E-06

SEMIVOLATILES

4-CHLOROANILINE 4.30E-02 4.33E-01 -- -- 2.81E-04 2.83E-03 1.00E+00 4.30E-02 4.33E-01 2.17E-05 7.74E-04 0.00E+00 7.96E-04 2.18E-04 7.79E-03 0.00E+00 8.01E-03
BIS(2-ETHYLHEXYL)PHTHALATE 4.60E+00 4.97E-01 -- -- 4.69E-02 5.07E-03 7.41E-04 3.41E-03 3.68E-04 2.32E-03 6.14E-05 0.00E+00 2.38E-03 2.50E-04 6.63E-06 0.00E+00 2.57E-04
BUTYLBENZYLPHTHALATE 3.40E+02 3.11E+01 -- -- 4.01E+00 3.66E-01 4.61E-04 1.57E-01 1.43E-02 1.71E-01 2.82E-03 0.00E+00 1.74E-01 1.57E-02 2.58E-04 0.00E+00 1.59E-02
CAPROLACTAM 8.00E-02 3.91E-01 -- -- 1.10E-01 5.37E-01 1.00E+00 8.00E-02 3.91E-01 4.03E-05 1.44E-03 0.00E+00 1.48E-03 1.97E-04 7.03E-03 0.00E+00 7.23E-03
DIMETHYLPHTHALATE 7.20E-02 4.37E-01 -- -- 2.65E-02 1.61E-01 1.60E-07 1.15E-08 6.98E-08 3.63E-05 2.07E-10 0.00E+00 3.63E-05 2.20E-04 1.26E-09 0.00E+00 2.20E-04
DI-N-BUTYLPHTHALATE 3.60E+00 5.01E-01 -- -- 4.92E-02 6.85E-03 2.93E-04 1.05E-03 1.47E-04 1.81E-03 1.90E-05 0.00E+00 1.83E-03 2.52E-04 2.64E-06 0.00E+00 2.55E-04
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Table H-5
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean Small Mammal Uptake

Factor (mg/kg to mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

VOLATILES

2-BUTANONE 1.00E-02 9.16E-03 -- -- 4.54E-02 4.16E-02 7.78E-09 7.78E-11 7.13E-11 5.04E-06 1.40E-12 0.00E+00 5.04E-06 4.62E-06 1.28E-12 0.00E+00 4.62E-06
ACETONE 3.30E-02 1.79E-02 -- -- 1.20E-02 6.49E-03 2.21E-09 7.29E-11 3.95E-11 1.66E-05 1.31E-12 0.00E+00 1.66E-05 9.00E-06 7.10E-13 0.00E+00 9.00E-06
ACETOPHENONE 6.00E-02 3.91E-01 -- -- 1.53E-02 9.99E-02 1.00E+00 6.00E-02 3.91E-01 3.02E-05 1.08E-03 0.00E+00 1.11E-03 1.97E-04 7.04E-03 0.00E+00 7.24E-03
CARBON DISULFIDE 1.80E-03 4.00E-03 -- -- 7.95E-04 1.77E-03 8.04E-07 1.45E-09 3.22E-09 9.07E-07 2.60E-11 0.00E+00 9.07E-07 2.02E-06 5.79E-11 0.00E+00 2.02E-06
CHLOROFORM 8.80E-03 5.26E-03 -- -- 6.85E-03 4.09E-03 4.23E-07 3.72E-09 2.22E-09 4.44E-06 6.70E-11 0.00E+00 4.44E-06 2.65E-06 4.00E-11 0.00E+00 2.65E-06
ETHYLBENZENE 3.90E-03 3.98E-03 -- -- 2.21E-04 2.26E-04 3.40E-08 1.33E-10 1.35E-10 1.97E-06 2.39E-12 0.00E+00 1.97E-06 2.01E-06 2.44E-12 0.00E+00 2.01E-06
STYRENE 3.50E-03 4.34E-03 -- -- 2.69E-04 3.34E-04 4.35E-06 1.52E-08 1.89E-08 1.76E-06 2.74E-10 0.00E+00 1.76E-06 2.19E-06 3.40E-10 0.00E+00 2.19E-06
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Table H-6
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean

Small Mammal Biotransfer
Factor (mg/kg bw-day to

mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CYANIDE (TOTAL) 6.50E+00 3.77E-01 1.83E-01 4.69E-02 1.09E-01 1.07E-02 1.00E+00 6.50E+00 3.77E-01 0.00E+00 1.79E-01 1.04E-02 1.89E-01 0.00E+00 1.04E-02 2.67E-03 1.30E-02
NITRATE AS N 9.70E+02 8.03E+01 4.40E-03 -- 8.88E+01 7.35E+00 1.00E+00 9.70E+02 8.03E+01 0.00E+00 2.67E+01 2.51E-04 2.67E+01 0.00E+00 2.21E+00 0.00E+00 2.21E+00
NITRITE AS N -- -- 1.10E-02 -- 1.32E-03 0.00E+00 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.27E-04 6.27E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 4.20E+04 1.10E+04 2.70E+01 -- 3.85E+03 1.00E+03 1.00E+00 4.20E+04 1.10E+04 0.00E+00 1.16E+03 1.54E+00 1.16E+03 0.00E+00 3.02E+02 0.00E+00 3.02E+02

METALS

ALUMINUM 2.89E+04 1.45E+04 9.69E+02 2.55E+02 3.15E+02 1.30E+02 7.32E-02 2.12E+03 1.06E+03 0.00E+00 5.82E+01 5.52E+01 1.13E+02 0.00E+00 2.91E+01 1.45E+01 4.36E+01
ANTIMONY 1.89E+02 2.38E+01 5.56E-01 9.10E-02 4.52E+00 5.72E-01 2.12E-04 4.01E-02 5.05E-03 0.00E+00 1.10E-03 3.17E-02 3.28E-02 0.00E+00 1.39E-04 5.18E-03 5.32E-03

ARSENIC 1.20E+04 1.08E+03 1.91E+02 3.26E+01 1.04E+02 1.16E+01

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

1.72E+01 2.39E+00 0.00E+00 4.72E-01 1.09E+01 1.14E+01 0.00E+00 6.57E-02 1.86E+00 1.92E+00

BARIUM 3.42E+02 1.18E+02 3.29E+00 1.09E+00 6.99E+00 2.40E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
1.45E+01 6.86E+00 0.00E+00 3.98E-01 1.88E-01 5.86E-01 0.00E+00 1.89E-01 6.22E-02 2.51E-01

BERYLLIUM 7.20E-01 3.35E-01 1.46E-02 8.01E-03 7.08E-03 3.44E-03 2.12E-04 1.53E-04 7.10E-05 0.00E+00 4.20E-06 8.32E-04 8.36E-04 0.00E+00 1.95E-06 4.57E-04 4.59E-04

CADMIUM 5.43E+01 8.08E+00 2.88E+00 7.88E-01 1.17E+00 3.13E-01

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

4.54E+00 1.80E+00 0.00E+00 1.25E-01 1.64E-01 2.89E-01 0.00E+00 4.94E-02 4.49E-02 9.43E-02

CALCIUM 6.45E+04 1.97E+04 6.63E+02 3.02E+02 1.97E+04 6.03E+03 1.48E-04 9.55E+00 2.92E+00 0.00E+00 2.63E-01 3.78E+01 3.81E+01 0.00E+00 8.03E-02 1.72E+01 1.73E+01

CHROMIUM 8.86E+01 1.59E+01 5.72E-01 1.52E-01 7.05E-01 1.32E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

6.24E+00 1.77E+00 0.00E+00 1.72E-01 3.26E-02 2.04E-01 0.00E+00 4.86E-02 8.68E-03 5.73E-02

COBALT 5.82E+01 1.49E+01 1.32E+00 3.84E-01 6.38E-01 1.69E-01 1.00E-01 5.82E+00 1.49E+00 0.00E+00 1.60E-01 7.52E-02 2.35E-01 0.00E+00 4.09E-02 2.19E-02 6.28E-02

COPPER 1.18E+03 1.47E+02 4.72E+01 8.37E+00 1.61E+01 4.66E+00

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

2.14E+01 1.58E+01 0.00E+00 5.88E-01 2.69E+00 3.28E+00 0.00E+00 4.35E-01 4.77E-01 9.12E-01

FLUORIDE -- -- 1.40E-02 -- 1.68E-03 0.00E+00 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.98E-04 7.98E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.93E+05 5.73E+04 1.30E+04 1.53E+03 2.89E+03 5.78E+02 4.24E-03 8.18E+02 2.43E+02 0.00E+00 2.25E+01 7.41E+02 7.64E+02 0.00E+00 6.68E+00 8.71E+01 9.38E+01

LEAD 1.67E+04 1.26E+03 1.02E+01 1.06E+00 1.16E+02 9.62E+00

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

7.95E+01 2.54E+01 0.00E+00 2.19E+00 5.81E-01 2.77E+00 0.00E+00 6.97E-01 6.05E-02 7.58E-01

MAGNESIUM 2.41E+04 8.23E+03 1.44E+03 4.11E+02 2.38E+03 8.02E+02 1.06E-03 2.55E+01 8.72E+00 0.00E+00 7.03E-01 8.21E+01 8.28E+01 0.00E+00 2.40E-01 2.34E+01 2.37E+01
MANGANESE 1.86E+03 6.80E+02 5.06E+01 1.76E+01 5.78E+01 2.10E+01 5.87E-02 1.09E+02 3.99E+01 0.00E+00 3.00E+00 2.88E+00 5.89E+00 0.00E+00 1.10E+00 1.00E+00 2.10E+00
MERCURY 6.50E+01 5.74E+00 8.01E-02 8.26E-03 7.39E-01 1.20E-01 1.92E-01 1.25E+01 1.10E+00 0.00E+00 3.43E-01 4.57E-03 3.48E-01 0.00E+00 3.03E-02 4.71E-04 3.08E-02

NICKEL 4.70E+01 1.36E+01 8.99E-01 2.54E-01 5.79E-01 1.85E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

4.70E+00 2.64E+00 0.00E+00 1.29E-01 5.12E-02 1.80E-01 0.00E+00 7.26E-02 1.45E-02 8.71E-02

POTASSIUM 3.27E+03 1.33E+03 4.62E+01 2.40E+01 3.05E+02 1.25E+02 4.24E-03 1.39E+01 5.63E+00 0.00E+00 3.81E-01 2.63E+00 3.01E+00 0.00E+00 1.55E-01 1.37E+00 1.52E+00

SELENIUM 9.01E+01 1.56E+01 7.46E-01 1.81E-01 6.89E+00 1.02E+00

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

3.59E+00 1.86E+00 0.00E+00 9.87E-02 4.25E-02 1.41E-01 0.00E+00 5.11E-02 1.03E-02 6.14E-02

SILVER 1.02E+02 7.97E+00 3.79E-02 9.64E-03 4.14E+00 3.24E-01 5.01E-01 5.11E+01 3.99E+00 0.00E+00 1.41E+00 2.16E-03 1.41E+00 0.00E+00 1.10E-01 5.50E-04 1.10E-01
SODIUM 1.02E+03 2.20E+02 4.59E+01 9.94E+00 1.87E+01 4.03E+00 1.17E-02 1.19E+01 2.57E+00 0.00E+00 3.28E-01 2.62E+00 2.94E+00 0.00E+00 7.08E-02 5.67E-01 6.37E-01
THALLIUM 1.74E+01 4.16E+00 2.30E-03 1.67E-03 1.20E-01 2.88E-02 1.23E-01 2.14E+00 5.12E-01 0.00E+00 5.89E-02 1.31E-04 5.90E-02 0.00E+00 1.41E-02 9.50E-05 1.42E-02

VANADIUM 1.55E+02 5.84E+01 2.05E+00 2.80E-01 1.33E+00 4.43E-01 1.79E-01 2.77E+01 1.05E+01 0.00E+00 7.63E-01 1.17E-01 8.80E-01 0.00E+00 2.87E-01 1.60E-02 3.03E-01

ZINC 1.64E+04 2.00E+03 1.61E+03 3.68E+02 3.90E+02 8.51E+01

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.79E+02 1.53E+02 0.00E+00 4.92E+00 9.18E+01 9.67E+01 0.00E+00 4.21E+00 2.10E+01 2.52E+01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses



Table H-6
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean

Small Mammal Biotransfer
Factor (mg/kg bw-day to

mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L dry wt.)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

PAHS

BENZO(A)ANTHRACENE 7.60E-02 4.37E-01 -- -- 6.30E-04 3.62E-03 2.77E-03 2.11E-04 1.21E-03 0.00E+00 5.79E-06 0.00E+00 5.79E-06 0.00E+00 3.33E-05 0.00E+00 3.33E-05
BENZO(A)PYRENE 7.00E-02 4.36E-01 -- -- 5.40E-04 3.36E-03 5.73E-03 4.01E-04 2.50E-03 0.00E+00 1.10E-05 0.00E+00 1.10E-05 0.00E+00 6.88E-05 0.00E+00 6.88E-05
BENZO(B)FLUORANTHENE 5.50E-02 4.35E-01 -- -- 4.12E-04 3.26E-03 8.27E-03 4.55E-04 3.60E-03 0.00E+00 1.25E-05 0.00E+00 1.25E-05 0.00E+00 9.89E-05 0.00E+00 9.89E-05
BENZO(G,H,I)PERYLENE 2.20E-02 4.32E-01 -- -- 1.55E-04 3.05E-03 2.45E-02 5.39E-04 1.06E-02 0.00E+00 1.48E-05 0.00E+00 1.48E-05 0.00E+00 2.91E-04 0.00E+00 2.91E-04
BENZO(K)FLUORANTHENE 5.60E-02 4.35E-01 -- -- 4.20E-04 3.26E-03 8.27E-03 4.63E-04 3.60E-03 0.00E+00 1.27E-05 0.00E+00 1.27E-05 0.00E+00 9.90E-05 0.00E+00 9.90E-05
CHRYSENE 1.10E-01 4.40E-01 -- -- 9.13E-04 3.65E-03 2.77E-03 3.05E-04 1.22E-03 0.00E+00 8.38E-06 0.00E+00 8.38E-06 0.00E+00 3.35E-05 0.00E+00 3.35E-05
FLUORANTHENE 9.90E-02 4.39E-01 -- -- 1.10E-03 4.86E-03 5.07E-04 5.02E-05 2.23E-04 0.00E+00 1.38E-06 0.00E+00 1.38E-06 0.00E+00 6.12E-06 0.00E+00 6.12E-06
INDENO(1,2,3-CD)PYRENE 2.50E-02 4.32E-01 -- -- 1.77E-04 3.05E-03 2.47E-02 6.18E-04 1.07E-02 0.00E+00 1.70E-05 0.00E+00 1.70E-05 0.00E+00 2.94E-04 0.00E+00 2.94E-04
PHENANTHRENE 2.30E-02 4.32E-01 -- -- 3.50E-04 6.57E-03 1.58E-04 3.63E-06 6.83E-05 0.00E+00 9.99E-08 0.00E+00 9.99E-08 0.00E+00 1.88E-06 0.00E+00 1.88E-06
PYRENE 1.00E-01 4.39E-01 -- -- 1.15E-03 5.06E-03 4.29E-04 4.29E-05 1.88E-04 0.00E+00 1.18E-06 0.00E+00 1.18E-06 0.00E+00 5.18E-06 0.00E+00 5.18E-06
TOTAL HMW PAH 5.14E-01 5.14E-01 -- -- 4.40E-03 2.83E-02 0.00E+00 0.00E+00 0.00E+00 8.34E-05 0.00E+00 8.34E-05 0.00E+00 9.23E-04 0.00E+00 9.23E-04
TOTAL LMW PAH 1.22E-01 1.22E-01 -- -- 1.45E-03 1.14E-02 0.00E+00 0.00E+00 0.00E+00 1.48E-06 0.00E+00 1.48E-06 0.00E+00 8.00E-06 0.00E+00 8.00E-06

PCBS

AROCLOR-1242 1.70E-01 6.12E-02 -- -- 1.23E-03 4.44E-04 1.38E-02 2.35E-03 8.44E-04 0.00E+00 6.45E-05 0.00E+00 6.45E-05 0.00E+00 2.32E-05 0.00E+00 2.32E-05
AROCLOR-1254 6.70E-02 5.26E-02 -- -- 4.59E-04 3.60E-04 1.38E-02 9.25E-04 7.26E-04 0.00E+00 2.54E-05 0.00E+00 2.54E-05 0.00E+00 2.00E-05 0.00E+00 2.00E-05
AROCLOR-1260 2.20E-01 6.49E-02 -- -- 1.45E-03 4.28E-04 1.38E-02 3.04E-03 8.96E-04 0.00E+00 8.35E-05 0.00E+00 8.35E-05 0.00E+00 2.46E-05 0.00E+00 2.46E-05
Total PCBS 2.37E-01 1.31E-01 -- -- 1.55E-03 8.57E-04 1.38E-02 3.27E-03 1.81E-03 0.00E+00 8.99E-05 0.00E+00 8.99E-05 0.00E+00 4.97E-05 0.00E+00 4.97E-05

PESTICIDES

4,4'-DDD 1.40E-02 4.74E-03 -- -- 1.10E-04 3.73E-05 6.46E-03 9.04E-05 3.06E-05 0.00E+00 2.49E-06 0.00E+00 2.49E-06 0.00E+00 8.41E-07 0.00E+00 8.41E-07
4,4'-DDE 4.90E-03 3.70E-03 -- -- 3.76E-05 2.84E-05 6.46E-03 3.17E-05 2.39E-05 0.00E+00 8.70E-07 0.00E+00 8.70E-07 0.00E+00 6.57E-07 0.00E+00 6.57E-07
4,4'-DDT 3.40E-03 3.46E-03 -- -- 2.36E-05 2.40E-05 6.46E-03 2.20E-05 2.24E-05 0.00E+00 6.04E-07 0.00E+00 6.04E-07 0.00E+00 6.15E-07 0.00E+00 6.15E-07
Total DDTr 1.89E-02 1.26E-02 -- -- 1.24E-04 8.22E-05 6.46E-03 1.22E-04 8.12E-05 0.00E+00 3.36E-06 0.00E+00 3.36E-06 0.00E+00 2.23E-06 0.00E+00 2.23E-06
ALPHA-CHLORDANE 4.40E-03 2.05E-03 -- -- 3.23E-05 1.51E-05 2.06E-03 9.06E-06 4.23E-06 0.00E+00 2.49E-07 0.00E+00 2.49E-07 0.00E+00 1.16E-07 0.00E+00 1.16E-07
BETA-BHC 5.80E-03 2.25E-03 -- -- 1.04E-04 4.02E-05 3.13E-05 1.82E-07 7.03E-08 0.00E+00 4.99E-09 0.00E+00 4.99E-09 0.00E+00 1.93E-09 0.00E+00 1.93E-09
DELTA-BHC 3.50E-03 2.05E-03 -- -- 6.26E-05 3.66E-05 7.38E-05 2.58E-07 1.51E-07 0.00E+00 7.10E-09 0.00E+00 7.10E-09 0.00E+00 4.15E-09 0.00E+00 4.15E-09
DIELDRIN 3.60E-03 3.60E-03 -- -- 3.19E-05 3.19E-05 1.96E-04 7.06E-07 7.06E-07 0.00E+00 1.94E-08 0.00E+00 1.94E-08 0.00E+00 1.94E-08 0.00E+00 1.94E-08
ENDRIN KETONE 3.20E-03 3.69E-03 -- -- 3.47E-05 4.00E-05 3.53E-05 1.13E-07 1.30E-07 0.00E+00 3.11E-09 0.00E+00 3.11E-09 0.00E+00 3.58E-09 0.00E+00 3.58E-09
GAMMA-BHC (LINDANE) 1.70E-03 1.88E-03 -- -- 3.04E-05 3.37E-05 5.57E-04 9.47E-07 1.05E-06 0.00E+00 2.60E-08 0.00E+00 2.60E-08 0.00E+00 2.88E-08 0.00E+00 2.88E-08
GAMMA-CHLORDANE 3.90E-03 2.05E-03 -- -- 2.86E-05 1.50E-05 2.09E-05 8.15E-08 4.28E-08 0.00E+00 2.24E-09 0.00E+00 2.24E-09 0.00E+00 1.18E-09 0.00E+00 1.18E-09
HEPTACHLOR 4.30E-03 2.12E-03 -- -- 3.39E-05 1.67E-05 2.06E-03 8.86E-06 4.36E-06 0.00E+00 2.44E-07 0.00E+00 2.44E-07 0.00E+00 1.20E-07 0.00E+00 1.20E-07

SEMIVOLATILES

4-CHLOROANILINE 4.30E-02 4.33E-01 -- -- 2.81E-04 2.83E-03 1.00E+00 4.30E-02 4.33E-01 0.00E+00 1.18E-03 0.00E+00 1.18E-03 0.00E+00 1.19E-02 0.00E+00 1.19E-02
BIS(2-ETHYLHEXYL)PHTHALATE 4.60E+00 4.97E-01 -- -- 4.69E-02 5.07E-03 7.41E-04 3.41E-03 3.68E-04 0.00E+00 9.37E-05 0.00E+00 9.37E-05 0.00E+00 1.01E-05 0.00E+00 1.01E-05
BUTYLBENZYLPHTHALATE 3.40E+02 3.11E+01 -- -- 4.01E+00 3.66E-01 4.61E-04 1.57E-01 1.43E-02 0.00E+00 4.31E-03 0.00E+00 4.31E-03 0.00E+00 3.94E-04 0.00E+00 3.94E-04
CAPROLACTAM 8.00E-02 3.91E-01 -- -- 1.10E-01 5.37E-01 1.00E+00 8.00E-02 3.91E-01 0.00E+00 2.20E-03 0.00E+00 2.20E-03 0.00E+00 1.07E-02 0.00E+00 1.07E-02
DIMETHYLPHTHALATE 7.20E-02 4.37E-01 -- -- 2.65E-02 1.61E-01 1.60E-07 1.15E-08 6.98E-08 0.00E+00 3.17E-10 0.00E+00 3.17E-10 0.00E+00 1.92E-09 0.00E+00 1.92E-09
DI-N-BUTYLPHTHALATE 3.60E+00 5.01E-01 -- -- 4.92E-02 6.85E-03 2.93E-04 1.05E-03 1.47E-04 0.00E+00 2.90E-05 0.00E+00 2.90E-05 0.00E+00 4.04E-06 0.00E+00 4.04E-06

VOLATILES

2-BUTANONE 1.00E-02 9.16E-03 -- -- 4.54E-02 4.16E-02 7.78E-09 7.78E-11 7.13E-11 0.00E+00 2.14E-12 0.00E+00 2.14E-12 0.00E+00 1.96E-12 0.00E+00 1.96E-12
ACETONE 3.30E-02 1.79E-02 -- -- 1.20E-02 6.49E-03 2.21E-09 7.29E-11 3.95E-11 0.00E+00 2.01E-12 0.00E+00 2.01E-12 0.00E+00 1.09E-12 0.00E+00 1.09E-12
ACETOPHENONE 6.00E-02 3.91E-01 -- -- 1.53E-02 9.99E-02 1.00E+00 6.00E-02 3.91E-01 0.00E+00 1.65E-03 0.00E+00 1.65E-03 0.00E+00 1.08E-02 0.00E+00 1.08E-02
CARBON DISULFIDE 1.80E-03 4.00E-03 -- -- 7.95E-04 1.77E-03 8.04E-07 1.45E-09 3.22E-09 0.00E+00 3.98E-11 0.00E+00 3.98E-11 0.00E+00 8.84E-11 0.00E+00 8.84E-11
CHLOROFORM 8.80E-03 5.26E-03 -- -- 6.85E-03 4.09E-03 4.23E-07 3.72E-09 2.22E-09 0.00E+00 1.02E-10 0.00E+00 1.02E-10 0.00E+00 6.12E-11 0.00E+00 6.12E-11
ETHYLBENZENE 3.90E-03 3.98E-03 -- -- 2.21E-04 2.26E-04 3.40E-08 1.33E-10 1.35E-10 0.00E+00 3.65E-12 0.00E+00 3.65E-12 0.00E+00 3.72E-12 0.00E+00 3.72E-12
STYRENE 3.50E-03 4.34E-03 -- -- 2.69E-04 3.34E-04 4.35E-06 1.52E-08 1.89E-08 0.00E+00 4.19E-10 0.00E+00 4.19E-10 0.00E+00 5.19E-10 0.00E+00 5.19E-10



Table H-7
Wildlife Exposure Modeling of Doses to Piscivorous Birds (Great Blue Heron) from Media

for the West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 4.19E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 4.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 4.50E-02 L/kg-day

Maximum Mean Maximum Mean
BAF/Equation

(mg/L dry wt. to
mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/L dry wt.)

Mean Food Item
Tissue

Concentration
(mg/L dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS
CYANIDE (TOTAL) -- -- 1.83E-01 4.69E-02 6.33E+02 1.16E+02 2.97E+01 0.00E+00 5.21E+00 8.24E-03 5.22E+00 0.00E+00 1.34E+00 2.11E-03 1.34E+00
NITRATE AS N -- -- 4.40E-03 -- 1.00E+00 4.40E-03 0.00E+00 0.00E+00 1.98E-04 1.98E-04 3.96E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NITRITE AS N -- -- 1.10E-02 -- 1.00E+00 1.10E-02 0.00E+00 0.00E+00 4.95E-04 4.95E-04 9.90E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE -- -- 2.70E+01 -- 1.00E+00 2.70E+01 0.00E+00 0.00E+00 1.22E+00 1.22E+00 2.43E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

METALS
ALUMINUM 2.65E+04 1.48E+04 9.69E+02 2.55E+02 2.70E+00 2.62E+03 6.87E+02 1.11E+02 1.18E+02 4.36E+01 2.72E+02 6.18E+01 3.09E+01 1.15E+01 1.04E+02
ANTIMONY 1.89E+02 4.11E+01 5.56E-01 9.10E-02 1.00E+00 5.56E-01 9.10E-02 7.91E-01 2.50E-02 2.50E-02 8.41E-01 1.72E-01 4.09E-03 4.09E-03 1.80E-01
ARSENIC 6.92E+03 3.12E+03 1.91E+02 3.26E+01 4.00E+00 7.64E+02 1.30E+02 2.90E+01 3.44E+01 8.60E+00 7.19E+01 1.31E+01 5.87E+00 1.47E+00 2.04E+01
BARIUM 2.73E+02 1.27E+02 3.29E+00 1.09E+00 4.00E+00 1.32E+01 4.37E+00 1.14E+00 5.92E-01 1.48E-01 1.88E+00 5.31E-01 1.97E-01 4.91E-02 7.77E-01
BERYLLIUM 6.10E-01 3.97E-01 1.46E-02 8.01E-03 6.20E+01 9.05E-01 4.97E-01 2.55E-03 4.07E-02 6.57E-04 4.39E-02 1.66E-03 2.24E-02 3.61E-04 2.44E-02
CADMIUM 4.07E+01 1.24E+01 2.88E+00 7.88E-01 5.90E+01 1.70E+02 4.65E+01 1.70E-01 7.65E+00 1.30E-01 7.95E+00 5.19E-02 2.09E+00 3.55E-02 2.18E+00
CALCIUM 4.07E+04 1.83E+04 6.63E+02 3.02E+02 1.00E+00 6.63E+02 3.02E+02 1.70E+02 2.98E+01 2.98E+01 2.30E+02 7.66E+01 1.36E+01 1.36E+01 1.04E+02
CHROMIUM 2.91E+01 1.66E+01 5.72E-01 1.52E-01 2.00E+02 1.14E+02 3.05E+01 1.22E-01 5.15E+00 2.57E-02 5.30E+00 6.96E-02 1.37E+00 6.85E-03 1.45E+00
COBALT 2.19E+01 1.20E+01 1.32E+00 3.84E-01 1.00E+00 1.32E+00 3.84E-01 9.17E-02 5.94E-02 5.94E-02 2.10E-01 5.01E-02 1.73E-02 1.73E-02 8.46E-02
COPPER 5.51E+02 2.45E+02 4.72E+01 8.37E+00 4.64E+02 2.19E+04 3.88E+03 2.31E+00 9.86E+02 2.12E+00 9.90E+02 1.02E+00 1.75E+02 3.76E-01 1.76E+02
FLUORIDE -- -- 1.40E-02 -- 1.00E+00 1.40E-02 0.00E+00 0.00E+00 6.30E-04 6.30E-04 1.26E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 1.73E+05 9.24E+04 1.30E+04 1.53E+03 1.00E+00 1.30E+04 1.53E+03 7.24E+02 5.85E+02 5.85E+02 1.89E+03 3.86E+02 6.88E+01 6.88E+01 5.24E+02
LEAD 1.05E+04 3.33E+03 1.02E+01 1.06E+00 4.50E+01 4.59E+02 4.78E+01 4.39E+01 2.07E+01 4.59E-01 6.51E+01 1.40E+01 2.15E+00 4.78E-02 1.62E+01
MAGNESIUM 1.35E+04 8.00E+03 1.44E+03 4.11E+02 1.00E+00 1.44E+03 4.11E+02 5.65E+01 6.48E+01 6.48E+01 1.86E+02 3.35E+01 1.85E+01 1.85E+01 7.04E+01
MANGANESE 1.07E+03 5.05E+02 5.06E+01 1.76E+01 4.00E+02 2.02E+04 7.05E+03 4.48E+00 9.11E+02 2.28E+00 9.18E+02 2.12E+00 3.17E+02 7.93E-01 3.20E+02
MERCURY 4.94E+01 1.36E+01 8.01E-02 8.26E-03 1.80E+03 1.44E+02 1.49E+01 2.07E-01 6.49E+00 3.60E-03 6.70E+00 5.69E-02 6.69E-01 3.72E-04 7.26E-01
NICKEL 3.37E+01 1.77E+01 8.99E-01 2.54E-01 2.70E+01 2.43E+01 6.85E+00 1.41E-01 1.09E+00 4.05E-02 1.27E+00 7.42E-02 3.08E-01 1.14E-02 3.94E-01
POTASSIUM 2.60E+03 1.41E+03 4.62E+01 2.40E+01 1.00E+00 4.62E+01 2.40E+01 1.09E+01 2.08E+00 2.08E+00 1.50E+01 5.90E+00 1.08E+00 1.08E+00 8.06E+00
SELENIUM 7.25E+01 3.10E+01 7.46E-01 1.81E-01 2.42E+02 1.81E+02 4.37E+01 3.03E-01 8.12E+00 3.36E-02 8.46E+00 1.30E-01 1.97E+00 8.13E-03 2.11E+00
SILVER 6.32E+01 1.71E+01 3.79E-02 9.64E-03 8.77E+01 3.32E+00 8.46E-01 2.64E-01 1.50E-01 1.71E-03 4.16E-01 7.17E-02 3.81E-02 4.34E-04 1.10E-01
SODIUM 4.84E+02 2.07E+02 4.59E+01 9.94E+00 1.00E+00 4.59E+01 9.94E+00 2.03E+00 2.07E+00 2.07E+00 6.16E+00 8.67E-01 4.47E-01 4.47E-01 1.76E+00
THALLIUM 1.74E+01 7.85E+00 2.30E-03 1.67E-03 1.00E+03 2.30E+00 1.67E+00 7.28E-02 1.04E-01 1.04E-04 1.76E-01 3.29E-02 7.50E-02 7.50E-05 1.08E-01
VANADIUM 1.55E+02 6.02E+01 2.05E+00 2.80E-01 1.00E+00 2.05E+00 2.80E-01 6.49E-01 9.23E-02 9.23E-02 8.33E-01 2.52E-01 1.26E-02 1.26E-02 2.77E-01
ZINC 1.44E+04 4.38E+03 1.61E+03 3.68E+02 1.30E+01 2.09E+04 4.79E+03 6.03E+01 9.42E+02 7.25E+01 1.07E+03 1.83E+01 2.15E+02 1.66E+01 2.50E+02

Food Item (Fish) Uptake Maximum Case Scenario Doses Mean Case Scenario Doses

Chemical

Sediment
Concentration (mg/kg

dry wt.)

Water Concentration
(mg/L dry wt.)
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Table H-8
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.10E-03 2.32E-04 -- -- 2.97E-04 3.27E-07 6.89E-08 7.20E-06 2.78E-08 0.00E+00 7.23E-06 1.52E-06 5.86E-09 0.00E+00 1.52E-06
1,2,3,4,6,7,8-HPCDF 2.80E-03 7.04E-04 -- -- 6.78E-04 1.90E-06 4.77E-07 1.83E-05 1.61E-07 0.00E+00 1.85E-05 4.61E-06 4.06E-08 0.00E+00 4.65E-06
1,2,3,4,7,8,9-HPCDF 3.60E-04 7.86E-05 -- -- 6.78E-04 2.44E-07 5.32E-08 2.36E-06 2.07E-08 0.00E+00 2.38E-06 5.14E-07 4.53E-09 0.00E+00 5.19E-07
1,2,3,4,7,8-HXCDD 3.70E-05 8.46E-06 -- -- 6.96E-04 2.58E-08 5.89E-09 2.42E-07 2.19E-09 0.00E+00 2.44E-07 5.53E-08 5.00E-10 0.00E+00 5.58E-08
1,2,3,4,7,8-HXCDF 7.70E-04 1.70E-04 -- -- 1.02E-03 7.88E-07 1.74E-07 5.04E-06 6.70E-08 0.00E+00 5.11E-06 1.11E-06 1.48E-08 0.00E+00 1.13E-06
1,2,3,6,7,8-HXCDD 8.30E-05 1.84E-05 -- -- 6.96E-04 5.78E-08 1.28E-08 5.43E-07 4.91E-09 0.00E+00 5.48E-07 1.21E-07 1.09E-09 0.00E+00 1.22E-07
1,2,3,6,7,8-HXCDF 4.30E-04 9.75E-05 -- -- 4.61E-03 1.98E-06 4.50E-07 2.81E-06 1.68E-07 0.00E+00 2.98E-06 6.38E-07 3.82E-08 0.00E+00 6.77E-07
1,2,3,7,8,9-HXCDD 7.40E-05 1.72E-05 -- -- 6.96E-04 5.15E-08 1.20E-08 4.84E-07 4.38E-09 0.00E+00 4.89E-07 1.12E-07 1.02E-09 0.00E+00 1.14E-07
1,2,3,7,8,9-HXCDF 2.30E-05 4.86E-06 -- -- 1.20E-03 2.76E-08 5.83E-09 1.51E-07 2.35E-09 0.00E+00 1.53E-07 3.18E-08 4.96E-10 0.00E+00 3.23E-08
1,2,3,7,8-PECDD 3.20E-05 6.92E-06 -- -- 4.61E-03 1.48E-07 3.19E-08 2.09E-07 1.25E-08 0.00E+00 2.22E-07 4.53E-08 2.71E-09 0.00E+00 4.80E-08
1,2,3,7,8-PECDF 1.50E-04 3.46E-05 -- -- 3.77E-03 5.66E-07 1.31E-07 9.82E-07 4.81E-08 0.00E+00 1.03E-06 2.27E-07 1.11E-08 0.00E+00 2.38E-07
2,3,4,6,7,8-HXCDF 6.80E-04 1.44E-04 -- -- 1.02E-03 6.96E-07 1.48E-07 4.45E-06 5.92E-08 0.00E+00 4.51E-06 9.45E-07 1.26E-08 0.00E+00 9.58E-07
2,3,4,7,8-PECDF 3.30E-04 7.23E-05 -- -- 3.87E-03 1.28E-06 2.80E-07 2.16E-06 1.09E-07 0.00E+00 2.27E-06 4.73E-07 2.38E-08 0.00E+00 4.97E-07
2,3,7,8-TCDD 1.10E-05 2.04E-06 -- -- 1.08E-02 1.19E-07 2.20E-08 7.20E-08 1.01E-08 0.00E+00 8.21E-08 1.33E-08 1.87E-09 0.00E+00 1.52E-08
2,3,7,8-TCDF 1.40E-04 3.08E-05 -- -- 8.96E-03 1.25E-06 2.76E-07 9.16E-07 1.07E-07 0.00E+00 1.02E-06 2.02E-07 2.35E-08 0.00E+00 2.25E-07
OCDD 9.30E-03 1.31E-03 -- -- 1.25E-04 1.16E-06 1.64E-07 6.09E-05 9.88E-08 0.00E+00 6.10E-05 8.58E-06 1.39E-08 0.00E+00 8.59E-06
OCDF 5.90E-03 9.29E-04 -- -- 2.89E-04 1.71E-06 2.69E-07 3.86E-05 1.45E-07 0.00E+00 3.88E-05 6.08E-06 2.28E-08 0.00E+00 6.10E-06
WHOTEQ 5.58E-04 1.55E-04 -- -- 1.08E-02 6.03E-06 1.67E-06 3.66E-06 5.13E-07 0.00E+00 4.17E-06 1.02E-06 1.42E-07 0.00E+00 1.16E-06

INORGANICS

CHLORIDE 1.60E+03 1.52E+02 4.30E-02 5.90E-02 1.00E+00 1.60E+03 1.52E+02 1.05E+01 1.36E+02 5.16E-03 1.46E+02 9.95E-01 1.29E+01 7.08E-03 1.39E+01
CYANIDE (TOTAL) 1.60E+00 4.52E-01 4.48E-03 8.30E-03 8.00E-02 1.28E-01 3.62E-02 1.05E-02 1.09E-02 5.38E-04 2.19E-02 2.96E-03 3.07E-03 9.96E-04 7.03E-03
NITRATE AS N 2.00E+02 2.09E+01 5.97E-03 9.40E-03 1.00E+00 2.00E+02 2.09E+01 1.31E+00 1.70E+01 7.16E-04 1.83E+01 1.37E-01 1.77E+00 1.13E-03 1.91E+00
NITRITE AS N -- -- 1.70E-04 6.00E-05 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.04E-05 2.04E-05 0.00E+00 0.00E+00 7.20E-06 7.20E-06
SULFATE 7.40E+04 7.54E+03 8.39E-01 2.10E+00 1.00E+00 7.40E+04 7.54E+03 4.84E+02 6.29E+03 1.01E-01 6.77E+03 4.93E+01 6.41E+02 2.52E-01 6.90E+02

METALS

ALUMINUM 2.06E+05 3.84E+04 4.14E+02 2.33E+01 4.00E-03 8.24E+02 1.54E+02 1.35E+03 7.00E+01 4.97E+01 1.47E+03 2.51E+02 1.31E+01 2.80E+00 2.67E+02
ANTIMONY 1.25E+02 1.02E+01 8.40E-03 4.00E-03 2.00E-01 2.50E+01 2.04E+00 8.18E-01 2.13E+00 1.01E-03 2.94E+00 6.68E-02 1.73E-01 4.80E-04 2.41E-01

ARSENIC 2.02E+04 3.01E+02 1.11E+00 9.32E-02
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
3.66E+01 3.41E+00 1.32E+02 3.11E+00 1.33E-01 1.35E+02 1.97E+00 2.90E-01 1.12E-02 2.27E+00

BARIUM 1.54E+03 2.62E+02 3.70E+00 2.52E-01 1.50E-01 2.31E+02 3.93E+01 1.01E+01 1.96E+01 4.44E-01 3.02E+01 1.71E+00 3.34E+00 3.03E-02 5.08E+00
BERYLLIUM 2.81E+01 3.20E+00 1.52E-02 2.23E-03 1.00E-02 2.81E-01 3.20E-02 1.84E-01 2.39E-02 1.82E-03 2.10E-01 2.09E-02 2.72E-03 2.68E-04 2.39E-02
BROMIDE -- -- 3.60E-04 2.56E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.32E-05 4.32E-05 0.00E+00 0.00E+00 3.07E-05 3.07E-05

CADMIUM 8.57E+01 6.42E+00 3.18E-01 3.22E-02
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
7.06E+00 1.71E+00 5.61E-01 6.00E-01 3.82E-02 1.20E+00 4.20E-02 1.46E-01 3.87E-03 1.92E-01

CALCIUM 1.55E+05 2.11E+04 6.61E+02 2.12E+02 3.50E+00 5.43E+05 7.37E+04 1.01E+03 4.61E+04 7.93E+01 4.72E+04 1.38E+02 6.27E+03 2.55E+01 6.43E+03
CHROMIUM 1.79E+03 1.17E+02 9.70E-02 1.26E-02 7.50E-03 1.34E+01 8.75E-01 1.17E+01 1.14E+00 1.16E-02 1.29E+01 7.64E-01 7.44E-02 1.51E-03 8.40E-01
CHROMIUM VI 1.80E+01 9.85E+00 -- -- 7.50E-03 1.35E-01 7.39E-02 1.18E-01 1.15E-02 0.00E+00 1.29E-01 6.45E-02 6.28E-03 0.00E+00 7.07E-02

COBALT 5.92E+01 1.71E+01 4.16E-01 5.18E-02 2.00E-02 1.18E+00 3.42E-01 3.87E-01 1.01E-01 4.99E-02 5.38E-01 1.12E-01 2.90E-02 6.21E-03 1.47E-01

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake
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Table H-8
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake

COPPER 2.81E+04 2.04E+03 1.47E+01 7.55E-01
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
1.10E+02 1.10E+02 1.84E+02 9.39E+00 1.76E+00 1.95E+02 1.34E+01 9.39E+00 9.06E-02 2.28E+01

FLUORIDE -- -- 5.70E-04 4.26E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.84E-05 6.84E-05 0.00E+00 0.00E+00 5.11E-05 5.11E-05
IRON 4.56E+05 3.35E+04 5.94E+02 5.23E+01 4.00E-03 1.82E+03 1.34E+02 2.98E+03 1.55E+02 7.13E+01 3.21E+03 2.19E+02 1.14E+01 6.28E+00 2.37E+02

LEAD 7.34E+03 4.43E+02 4.71E+00 4.19E-01
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
3.91E+01 8.09E+00 4.80E+01 3.32E+00 5.65E-01 5.19E+01 2.90E+00 6.87E-01 5.03E-02 3.64E+00

MAGNESIUM 4.78E+04 1.04E+04 3.22E+02 6.01E+01 1.00E+00 4.78E+04 1.04E+04 3.13E+02 4.06E+03 3.86E+01 4.41E+03 6.79E+01 8.82E+02 7.21E+00 9.57E+02
MANGANESE 3.83E+03 7.13E+02 2.89E+01 4.65E+00 2.50E-01 9.58E+02 1.78E+02 2.51E+01 8.14E+01 3.47E+00 1.10E+02 4.66E+00 1.51E+01 5.58E-01 2.04E+01

MERCURY 3.79E+01 1.33E+00 2.03E-02 3.40E-03
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
2.67E+00 4.32E-01 2.48E-01 2.27E-01 2.44E-03 4.77E-01 8.73E-03 3.67E-02 4.08E-04 4.59E-02

NICKEL 1.24E+03 1.05E+02 2.16E-01 3.54E-02
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
2.23E+01 3.52E+00 8.12E+00 1.89E+00 2.59E-02 1.00E+01 6.87E-01 2.99E-01 4.25E-03 9.90E-01

POTASSIUM 4.05E+04 3.31E+03 5.97E+01 7.22E+00 1.00E+00 4.05E+04 3.31E+03 2.65E+02 3.44E+03 7.16E+00 3.71E+03 2.16E+01 2.81E+02 8.67E-01 3.04E+02

SELENIUM 6.19E+01 6.65E+00 1.50E-02 7.16E-03
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
4.83E+01 4.11E+00 4.05E-01 4.10E+00 1.80E-03 4.51E+00 4.35E-02 3.49E-01 8.60E-04 3.94E-01

SILVER 3.97E+02 8.49E+00 2.29E-02 6.01E-03 4.00E-01 1.59E+02 3.39E+00 2.60E+00 1.35E+01 2.75E-03 1.61E+01 5.55E-02 2.89E-01 7.21E-04 3.45E-01
SODIUM 4.29E+04 2.36E+03 7.10E+01 4.55E+01 7.50E-02 3.22E+03 1.77E+02 2.81E+02 2.73E+02 8.52E+00 5.63E+02 1.55E+01 1.51E+01 5.46E+00 3.60E+01
THALLIUM 9.20E+00 2.47E+00 1.70E-03 6.07E-04 4.00E-03 3.68E-02 9.88E-03 6.02E-02 3.13E-03 2.04E-04 6.35E-02 1.62E-02 8.39E-04 7.28E-05 1.71E-02
VANADIUM 1.66E+02 4.58E+01 2.05E-01 2.70E-02 5.50E-03 9.13E-01 2.52E-01 1.09E+00 7.76E-02 2.46E-02 1.19E+00 3.00E-01 2.14E-02 3.24E-03 3.24E-01

ZINC 5.89E+04 1.74E+03 1.68E+02 9.44E+00
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
2.15E+03 3.04E+02 3.86E+02 1.82E+02 2.02E+01 5.88E+02 1.14E+01 2.58E+01 1.13E+00 3.84E+01

PAHS

ACENAPHTHENE 8.00E-02 3.27E-01 -- -- 2.10E-01 1.68E-02 6.87E-02 5.24E-04 1.43E-03 0.00E+00 1.95E-03 2.14E-03 5.84E-03 0.00E+00 7.98E-03
ANTHRACENE 1.80E-01 3.33E-01 -- -- 1.04E-01 1.87E+00 2.62E+00 1.18E-03 1.59E-01 0.00E+00 1.60E-01 2.18E-03 2.23E-01 0.00E+00 2.25E-01
BENZO(A)ANTHRACENE 7.10E-01 3.62E-01 -- -- 2.06E-02 1.46E-02 7.46E-03 4.65E-03 1.24E-03 0.00E+00 5.89E-03 2.37E-03 6.34E-04 0.00E+00 3.00E-03
BENZO(A)PYRENE 5.40E-01 3.53E-01 -- -- 1.37E-02 7.40E-03 4.83E-03 3.53E-03 6.29E-04 0.00E+00 4.16E-03 2.31E-03 4.11E-04 0.00E+00 2.72E-03
BENZO(B)FLUORANTHENE 7.20E-01 3.63E-01 -- -- 1.12E-02 8.06E-03 4.06E-03 4.71E-03 6.85E-04 0.00E+00 5.40E-03 2.37E-03 3.45E-04 0.00E+00 2.72E-03
BENZO(G,H,I)PERYLENE 1.60E-01 3.32E-01 -- -- 6.02E-03 9.63E-04 2.00E-03 1.05E-03 8.19E-05 0.00E+00 1.13E-03 2.17E-03 1.70E-04 0.00E+00 2.34E-03
BENZO(K)FLUORANTHENE 4.50E-01 3.48E-01 -- -- 1.12E-02 5.04E-03 3.90E-03 2.95E-03 4.28E-04 0.00E+00 3.37E-03 2.28E-03 3.31E-04 0.00E+00 2.61E-03
CARBAZOLE 1.00E-01 3.28E-01 -- -- 2.74E-01 2.74E-02 9.00E-02 6.55E-04 2.33E-03 0.00E+00 2.98E-03 2.15E-03 7.65E-03 0.00E+00 9.80E-03
CHRYSENE 7.20E-01 3.63E-01 -- -- 2.06E-02 1.48E-02 7.47E-03 4.71E-03 1.26E-03 0.00E+00 5.97E-03 2.37E-03 6.35E-04 0.00E+00 3.01E-03
DIBENZO(A,H)ANTHRACENE 1.10E-01 3.29E-01 -- -- 6.78E-03 7.46E-04 2.23E-03 7.20E-04 6.34E-05 0.00E+00 7.83E-04 2.15E-03 1.90E-04 0.00E+00 2.34E-03
FLUORANTHENE 1.30E+00 3.95E-01 -- -- 5.33E-02 6.93E-02 2.11E-02 8.51E-03 5.89E-03 0.00E+00 1.44E-02 2.59E-03 1.79E-03 0.00E+00 4.37E-03
INDENO(1,2,3-CD)PYRENE 5.00E-01 3.51E-01 -- -- 6.06E-03 3.03E-03 2.12E-03 3.27E-03 2.58E-04 0.00E+00 3.53E-03 2.29E-03 1.81E-04 0.00E+00 2.47E-03
PHENANTHRENE 7.00E-01 3.62E-01 -- -- 1.02E-01 7.14E-02 3.69E-02 4.58E-03 6.07E-03 0.00E+00 1.07E-02 2.37E-03 3.14E-03 0.00E+00 5.50E-03
PYRENE 1.10E+00 3.84E-01 -- -- 5.85E-02 6.44E-02 2.25E-02 7.20E-03 5.47E-03 0.00E+00 1.27E-02 2.51E-03 1.91E-03 0.00E+00 4.42E-03
TOTAL HMW PAH 4.98E+00 4.98E+00 -- -- -- -- -- 3.28E-02 1.01E-02 0.00E+00 4.29E-02 2.08E-02 4.81E-03 0.00E+00 2.56E-02

TOTAL LMW PAH 2.18E+00 2.18E+00 -- -- -- -- -- 1.54E-02 1.74E-01 0.00E+00 1.90E-01 1.14E-02 2.41E-01 0.00E+00 2.53E-01
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Table H-8
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake

PCBS

AROCLOR-1248 9.30E-01 2.62E-01 -- -- 8.38E-03 7.80E-03 2.19E-03 6.09E-03 6.63E-04 0.00E+00 6.75E-03 1.71E-03 1.87E-04 0.00E+00 1.90E-03
AROCLOR-1254 7.60E-02 4.80E-02 -- -- 8.38E-03 6.37E-04 4.02E-04 4.97E-04 5.42E-05 0.00E+00 5.52E-04 3.14E-04 3.42E-05 0.00E+00 3.48E-04
AROCLOR-1260 3.00E-02 3.40E-02 -- -- 3.58E-03 1.07E-04 1.22E-04 1.96E-04 9.12E-06 0.00E+00 2.05E-04 2.23E-04 1.03E-05 0.00E+00 2.33E-04
Total PCBS 9.60E-01 5.31E-01 -- -- 6.43E-04 6.17E-04 3.41E-04 6.28E-03 5.24E-05 0.00E+00 6.34E-03 3.48E-03 2.90E-05 0.00E+00 3.50E-03

PESTICIDES

4,4'-DDE 9.70E-03 5.38E-03 -- -- 1.32E-02 1.28E-04 7.09E-05 6.35E-05 1.09E-05 0.00E+00 7.44E-05 3.52E-05 6.02E-06 0.00E+00 4.12E-05
4,4'-DDT 2.40E-03 3.55E-03 -- -- 4.61E-03 1.11E-05 1.64E-05 1.57E-05 9.40E-07 0.00E+00 1.66E-05 2.32E-05 1.39E-06 0.00E+00 2.46E-05
Total DDTr 1.21E-02 1.21E-02 -- -- 1.32E-02 1.60E-04 1.60E-04 7.92E-05 1.36E-05 0.00E+00 9.28E-05 7.92E-05 1.36E-05 0.00E+00 9.28E-05
DELTA-BHC 1.70E-02 5.75E-03 -- -- 1.34E-01 2.27E-03 7.68E-04 1.11E-04 1.93E-04 0.00E+00 3.04E-04 3.76E-05 6.53E-05 0.00E+00 1.03E-04
DIELDRIN 2.30E-03 3.53E-03 -- -- 2.74E-02 6.30E-05 9.66E-05 1.51E-05 5.36E-06 0.00E+00 2.04E-05 2.31E-05 8.21E-06 0.00E+00 3.13E-05
ENDOSULFAN I 2.00E-03 2.00E-03 -- -- 3.67E-01 7.35E-04 7.35E-04 1.31E-05 6.24E-05 0.00E+00 7.55E-05 1.31E-05 6.24E-05 0.00E+00 7.55E-05
HEPTACHLOR 7.30E-03 3.33E-03 -- -- 1.59E-02 1.16E-04 5.28E-05 4.78E-05 9.86E-06 0.00E+00 5.76E-05 2.18E-05 4.49E-06 0.00E+00 2.63E-05
HEPTACHLOR EPOXIDE 2.50E-02 7.75E-03 -- -- 8.96E-02 2.24E-03 6.94E-04 1.64E-04 1.90E-04 0.00E+00 3.54E-04 5.07E-05 5.90E-05 0.00E+00 1.10E-04

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.30E-01 2.26E-01 -- -- 4.30E-02 1.42E-02 9.70E-03 2.16E-03 1.21E-03 0.00E+00 3.37E-03 1.48E-03 8.25E-04 0.00E+00 2.30E-03
DI-N-BUTYLPHTHALATE 6.50E-02 3.16E-01 -- -- 8.38E-02 5.45E-03 2.65E-02 4.25E-04 4.63E-04 0.00E+00 8.89E-04 2.07E-03 2.25E-03 0.00E+00 4.32E-03

VOLATILES

ACETOPHENONE 1.70E-01 2.44E-01 -- -- 4.20E+00 7.13E-01 1.02E+00 1.11E-03 6.06E-02 0.00E+00 6.17E-02 1.60E-03 8.69E-02 0.00E+00 8.85E-02
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Table H-9
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.10E-03 2.32E-04 -- -- 2.97E-04 3.27E-07 6.89E-08 2.27E-05 6.89E-08 0.00E+00 2.28E-05 4.80E-06 1.45E-08 0.00E+00 4.81E-06
1,2,3,4,6,7,8-HPCDF 2.80E-03 7.04E-04 -- -- 6.78E-04 1.90E-06 4.77E-07 5.79E-05 4.00E-07 0.00E+00 5.83E-05 1.46E-05 1.01E-07 0.00E+00 1.47E-05
1,2,3,4,7,8,9-HPCDF 3.60E-04 7.86E-05 -- -- 6.78E-04 2.44E-07 5.32E-08 7.44E-06 5.15E-08 0.00E+00 7.50E-06 1.62E-06 1.12E-08 0.00E+00 1.64E-06
1,2,3,4,7,8-HXCDD 3.70E-05 8.46E-06 -- -- 6.96E-04 2.58E-08 5.89E-09 7.65E-07 5.43E-09 0.00E+00 7.71E-07 1.75E-07 1.24E-09 0.00E+00 1.76E-07
1,2,3,4,7,8-HXCDF 7.70E-04 1.70E-04 -- -- 1.02E-03 7.88E-07 1.74E-07 1.59E-05 1.66E-07 0.00E+00 1.61E-05 3.52E-06 3.68E-08 0.00E+00 3.56E-06
1,2,3,6,7,8-HXCDD 8.30E-05 1.84E-05 -- -- 6.96E-04 5.78E-08 1.28E-08 1.72E-06 1.22E-08 0.00E+00 1.73E-06 3.81E-07 2.71E-09 0.00E+00 3.84E-07
1,2,3,6,7,8-HXCDF 4.30E-04 9.75E-05 -- -- 4.61E-03 1.98E-06 4.50E-07 8.89E-06 4.18E-07 0.00E+00 9.31E-06 2.02E-06 9.49E-08 0.00E+00 2.11E-06
1,2,3,7,8,9-HXCDD 7.40E-05 1.72E-05 -- -- 6.96E-04 5.15E-08 1.20E-08 1.53E-06 1.09E-08 0.00E+00 1.54E-06 3.55E-07 2.52E-09 0.00E+00 3.58E-07
1,2,3,7,8,9-HXCDF 2.30E-05 4.86E-06 -- -- 1.20E-03 2.76E-08 5.83E-09 4.76E-07 5.83E-09 0.00E+00 4.81E-07 1.00E-07 1.23E-09 0.00E+00 1.02E-07
1,2,3,7,8-PECDD 3.20E-05 6.92E-06 -- -- 4.61E-03 1.48E-07 3.19E-08 6.62E-07 3.11E-08 0.00E+00 6.93E-07 1.43E-07 6.74E-09 0.00E+00 1.50E-07
1,2,3,7,8-PECDF 1.50E-04 3.46E-05 -- -- 3.77E-03 5.66E-07 1.31E-07 3.10E-06 1.19E-07 0.00E+00 3.22E-06 7.16E-07 2.76E-08 0.00E+00 7.44E-07
2,3,4,6,7,8-HXCDF 6.80E-04 1.44E-04 -- -- 1.02E-03 6.96E-07 1.48E-07 1.41E-05 1.47E-07 0.00E+00 1.42E-05 2.99E-06 3.12E-08 0.00E+00 3.02E-06
2,3,4,7,8-PECDF 3.30E-04 7.23E-05 -- -- 3.87E-03 1.28E-06 2.80E-07 6.82E-06 2.69E-07 0.00E+00 7.09E-06 1.49E-06 5.90E-08 0.00E+00 1.55E-06
2,3,7,8-TCDD 1.10E-05 2.04E-06 -- -- 1.08E-02 1.19E-07 2.20E-08 2.27E-07 2.51E-08 0.00E+00 2.53E-07 4.21E-08 4.64E-09 0.00E+00 4.68E-08
2,3,7,8-TCDF 1.40E-04 3.08E-05 -- -- 8.96E-03 1.25E-06 2.76E-07 2.89E-06 2.65E-07 0.00E+00 3.16E-06 6.37E-07 5.83E-08 0.00E+00 6.95E-07
OCDD 9.30E-03 1.31E-03 -- -- 1.25E-04 1.16E-06 1.64E-07 1.92E-04 2.45E-07 0.00E+00 1.93E-04 2.71E-05 3.46E-08 0.00E+00 2.71E-05
OCDF 5.90E-03 9.29E-04 -- -- 2.89E-04 1.71E-06 2.69E-07 1.22E-04 3.60E-07 0.00E+00 1.22E-04 1.92E-05 5.67E-08 0.00E+00 1.93E-05
WHOTEQ 5.58E-04 1.55E-04 -- -- 1.08E-02 6.03E-06 1.67E-06 1.15E-05 1.27E-06 0.00E+00 1.28E-05 3.21E-06 3.53E-07 0.00E+00 3.56E-06

INORGANICS

CHLORIDE 1.60E+03 1.52E+02 5.90E-02 4.30E-02 1.00E+00 1.60E+03 1.52E+02 3.31E+01 3.38E+02 1.17E-02 3.71E+02 3.15E+00 3.21E+01 8.56E-03 3.52E+01
CYANIDE (TOTAL) 1.60E+00 4.52E-01 8.30E-03 4.48E-03 8.00E-02 1.28E-01 3.62E-02 3.31E-02 2.70E-02 1.65E-03 6.17E-02 9.35E-03 7.63E-03 8.92E-04 1.79E-02
NITRATE AS N 2.00E+02 2.09E+01 9.40E-03 5.97E-03 1.00E+00 2.00E+02 2.09E+01 4.14E+00 4.22E+01 1.87E-03 4.63E+01 4.32E-01 4.40E+00 1.19E-03 4.84E+00
NITRITE AS N -- -- 6.00E-05 1.70E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.19E-05 1.19E-05 0.00E+00 0.00E+00 3.38E-05 3.38E-05
SULFATE 7.40E+04 7.54E+03 2.10E+00 8.39E-01 1.00E+00 7.40E+04 7.54E+03 1.53E+03 1.56E+04 4.18E-01 1.71E+04 1.56E+02 1.59E+03 1.67E-01 1.75E+03

METALS

ALUMINUM 2.06E+05 3.84E+04 4.14E+02 2.33E+01 4.00E-03 8.24E+02 1.54E+02 4.26E+03 1.74E+02 8.24E+01 4.52E+03 7.94E+02 3.24E+01 4.64E+00 8.31E+02
ANTIMONY 1.25E+02 1.02E+01 8.40E-03 4.00E-03 2.00E-01 2.50E+01 2.04E+00 2.58E+00 5.28E+00 1.67E-03 7.86E+00 2.11E-01 4.30E-01 7.96E-04 6.42E-01

ARSENIC 2.02E+04 3.01E+02 1.11E+00 9.32E-02
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
3.66E+01 3.41E+00 4.18E+02 7.72E+00 2.21E-01 4.26E+02 6.22E+00 7.19E-01 1.85E-02 6.96E+00

BARIUM 1.54E+03 2.62E+02 3.70E+00 2.52E-01 1.50E-01 2.31E+02 3.93E+01 3.18E+01 4.87E+01 7.36E-01 8.13E+01 5.42E+00 8.29E+00 5.02E-02 1.38E+01
BERYLLIUM 2.81E+01 3.20E+00 1.52E-02 2.23E-03 1.00E-02 2.81E-01 3.20E-02 5.81E-01 5.93E-02 3.02E-03 6.43E-01 6.61E-02 6.75E-03 4.44E-04 7.33E-02
BROMIDE -- -- 3.60E-04 2.56E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.16E-05 7.16E-05 0.00E+00 0.00E+00 5.09E-05 5.09E-05

CADMIUM 8.57E+01 6.42E+00 3.18E-01 3.22E-02
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
7.06E+00 1.71E+00 1.77E+00 1.49E+00 6.33E-02 3.32E+00 1.33E-01 3.62E-01 6.41E-03 5.01E-01

CALCIUM 1.55E+05 2.11E+04 6.61E+02 2.12E+02 3.50E+00 5.43E+05 7.37E+04 3.21E+03 1.14E+05 1.32E+02 1.18E+05 4.36E+02 1.56E+04 4.23E+01 1.60E+04
CHROMIUM 1.79E+03 1.17E+02 9.70E-02 1.26E-02 7.50E-03 1.34E+01 8.75E-01 3.70E+01 2.83E+00 1.93E-02 3.99E+01 2.41E+00 1.85E-01 2.51E-03 2.60E+00
CHROMIUM VI 1.80E+01 9.85E+00 -- -- 7.50E-03 1.35E-01 7.39E-02 3.72E-01 2.85E-02 0.00E+00 4.01E-01 2.04E-01 1.56E-02 0.00E+00 2.19E-01
COBALT 5.92E+01 1.71E+01 4.16E-01 5.18E-02 2.00E-02 1.18E+00 3.42E-01 1.22E+00 2.50E-01 8.28E-02 1.56E+00 3.53E-01 7.21E-02 1.03E-02 4.36E-01

COPPER 2.81E+04 2.04E+03 1.47E+01 7.55E-01
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
1.10E+02 1.10E+02 5.81E+02 2.33E+01 2.93E+00 6.07E+02 4.22E+01 2.33E+01 1.50E-01 6.56E+01

FLUORIDE -- -- 5.70E-04 4.26E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.13E-04 1.13E-04 0.00E+00 0.00E+00 8.48E-05 8.48E-05

IRON 4.56E+05 3.35E+04 5.94E+02 5.23E+01 4.00E-03 1.82E+03 1.34E+02 9.43E+03 3.85E+02 1.18E+02 9.93E+03 6.93E+02 2.83E+01 1.04E+01 7.32E+02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses
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Table H-9
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses

LEAD 7.34E+03 4.43E+02 4.71E+00 4.19E-01
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
3.91E+01 8.09E+00 1.52E+02 8.25E+00 9.37E-01 1.61E+02 9.16E+00 1.71E+00 8.33E-02 1.09E+01

MAGNESIUM 4.78E+04 1.04E+04 3.22E+02 6.01E+01 1.00E+00 4.78E+04 1.04E+04 9.88E+02 1.01E+04 6.41E+01 1.11E+04 2.15E+02 2.19E+03 1.19E+01 2.42E+03
MANGANESE 3.83E+03 7.13E+02 2.89E+01 4.65E+00 2.50E-01 9.58E+02 1.78E+02 7.92E+01 2.02E+02 5.75E+00 2.87E+02 1.47E+01 3.76E+01 9.26E-01 5.32E+01

MERCURY 3.79E+01 1.33E+00 2.03E-02 3.40E-03
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
2.67E+00 4.32E-01 7.84E-01 5.63E-01 4.04E-03 1.35E+00 2.76E-02 9.12E-02 6.77E-04 1.19E-01

NICKEL 1.24E+03 1.05E+02 2.16E-01 3.54E-02
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
2.23E+01 3.52E+00 2.56E+01 4.70E+00 4.30E-02 3.04E+01 2.17E+00 7.42E-01 7.05E-03 2.92E+00

POTASSIUM 4.05E+04 3.31E+03 5.97E+01 7.22E+00 1.00E+00 4.05E+04 3.31E+03 8.37E+02 8.55E+03 1.19E+01 9.39E+03 6.84E+01 6.98E+02 1.44E+00 7.68E+02

SELENIUM 6.19E+01 6.65E+00 1.50E-02 7.16E-03
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
4.83E+01 4.11E+00 1.28E+00 1.02E+01 2.99E-03 1.15E+01 1.37E-01 8.67E-01 1.43E-03 1.01E+00

SILVER 3.97E+02 8.49E+00 2.29E-02 6.01E-03 4.00E-01 1.59E+02 3.39E+00 8.21E+00 3.35E+01 4.56E-03 4.17E+01 1.75E-01 7.16E-01 1.20E-03 8.93E-01
SODIUM 4.29E+04 2.36E+03 7.10E+01 4.55E+01 7.50E-02 3.22E+03 1.77E+02 8.87E+02 6.79E+02 1.41E+01 1.58E+03 4.89E+01 3.74E+01 9.06E+00 9.54E+01
THALLIUM 9.20E+00 2.47E+00 1.70E-03 6.07E-04 4.00E-03 3.68E-02 9.88E-03 1.90E-01 7.76E-03 3.38E-04 1.98E-01 5.11E-02 2.08E-03 1.21E-04 5.33E-02
VANADIUM 1.66E+02 4.58E+01 2.05E-01 2.70E-02 5.50E-03 9.13E-01 2.52E-01 3.43E+00 1.93E-01 4.08E-02 3.67E+00 9.47E-01 5.32E-02 5.37E-03 1.01E+00

ZINC 5.89E+04 1.74E+03 1.68E+02 9.44E+00
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
2.15E+03 3.04E+02 1.22E+03 4.53E+02 3.34E+01 1.70E+03 3.60E+01 6.41E+01 1.88E+00 1.02E+02

PAHS

ACENAPHTHENE 8.00E-02 3.27E-01 -- -- 5.50E-03 4.40E-04 1.80E-03 1.65E-03 9.28E-05 0.00E+00 1.75E-03 6.77E-03 3.80E-04 0.00E+00 7.15E-03

ANTHRACENE 1.80E-01 3.33E-01 -- --
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.87E+00 2.62E+00 3.72E-03 3.94E-01 0.00E+00 3.97E-01 6.88E-03 5.53E-01 0.00E+00 5.60E-01

BENZO(A)ANTHRACENE 7.10E-01 3.62E-01 -- -- 0.00E+00 0.00E+00 0.00E+00 1.47E-02 0.00E+00 0.00E+00 1.47E-02 7.49E-03 0.00E+00 0.00E+00 7.49E-03
BENZO(A)PYRENE 5.40E-01 3.53E-01 -- -- 2.10E-01 1.13E-01 7.41E-02 1.12E-02 2.39E-02 0.00E+00 3.51E-02 7.29E-03 1.56E-02 0.00E+00 2.29E-02
BENZO(B)FLUORANTHENE 7.20E-01 3.63E-01 -- -- 1.04E-01 7.49E-02 3.77E-02 1.49E-02 1.58E-02 0.00E+00 3.07E-02 7.50E-03 7.96E-03 0.00E+00 1.55E-02
BENZO(G,H,I)PERYLENE 1.60E-01 3.32E-01 -- -- 2.06E-02 3.30E-03 6.83E-03 3.31E-03 6.95E-04 0.00E+00 4.00E-03 6.86E-03 1.44E-03 0.00E+00 8.30E-03
BENZO(K)FLUORANTHENE 4.50E-01 3.48E-01 -- -- 1.37E-02 6.17E-03 4.76E-03 9.31E-03 1.30E-03 0.00E+00 1.06E-02 7.19E-03 1.01E-03 0.00E+00 8.20E-03
CARBAZOLE 1.00E-01 3.28E-01 -- -- 1.12E-02 1.12E-03 3.68E-03 2.07E-03 2.36E-04 0.00E+00 2.30E-03 6.79E-03 7.76E-04 0.00E+00 7.57E-03
CHRYSENE 7.20E-01 3.63E-01 -- -- 6.02E-03 4.33E-03 2.18E-03 1.49E-02 9.15E-04 0.00E+00 1.58E-02 7.50E-03 4.61E-04 0.00E+00 7.96E-03
DIBENZO(A,H)ANTHRACENE 1.10E-01 3.29E-01 -- -- 1.12E-02 1.23E-03 3.68E-03 2.27E-03 2.60E-04 0.00E+00 2.53E-03 6.80E-03 7.77E-04 0.00E+00 7.58E-03
FLUORANTHENE 1.30E+00 3.95E-01 -- -- 2.74E-01 3.56E-01 1.08E-01 2.69E-02 7.52E-02 0.00E+00 1.02E-01 8.17E-03 2.28E-02 0.00E+00 3.10E-02
INDENO(1,2,3-CD)PYRENE 5.00E-01 3.51E-01 -- -- 2.06E-02 1.03E-02 7.22E-03 1.03E-02 2.17E-03 0.00E+00 1.25E-02 7.25E-03 1.52E-03 0.00E+00 8.77E-03
PHENANTHRENE 7.00E-01 3.62E-01 -- -- 6.78E-03 4.75E-03 2.45E-03 1.45E-02 1.00E-03 0.00E+00 1.55E-02 7.48E-03 5.17E-04 0.00E+00 8.00E-03
PYRENE 1.10E+00 3.84E-01 -- -- 5.33E-02 5.86E-02 2.05E-02 2.27E-02 1.24E-02 0.00E+00 3.51E-02 7.94E-03 4.32E-03 0.00E+00 1.23E-02
TOTAL HMW PAH 4.98E+00 4.98E+00 -- -- -- -- -- 1.04E-01 5.74E-02 0.00E+00 1.61E-01 6.58E-02 3.31E-02 0.00E+00 9.89E-02
TOTAL LMW PAH 2.18E+00 2.18E+00 -- -- -- -- -- 4.88E-02 4.70E-01 0.00E+00 5.19E-01 3.61E-02 5.78E-01 0.00E+00 6.14E-01

PCBS

AROCLOR-1248 9.30E-01 2.62E-01 -- -- 5.85E-02 5.44E-02 1.53E-02 1.92E-02 1.15E-02 0.00E+00 3.07E-02 5.41E-03 3.23E-03 0.00E+00 8.64E-03
AROCLOR-1254 7.60E-02 4.80E-02 -- -- 0.00E+00 0.00E+00 0.00E+00 1.57E-03 0.00E+00 0.00E+00 1.57E-03 9.93E-04 0.00E+00 0.00E+00 9.93E-04
AROCLOR-1260 3.00E-02 3.40E-02 -- -- 8.38E-03 2.52E-04 2.85E-04 6.20E-04 5.31E-05 0.00E+00 6.73E-04 7.03E-04 6.02E-05 0.00E+00 7.63E-04

Total PCBS 9.60E-01 5.31E-01 -- -- 1.02E-01 9.79E-02 5.42E-02 1.99E-02 2.07E-02 0.00E+00 4.05E-02 1.10E-02 1.14E-02 0.00E+00 2.24E-02

PESTICIDES

4,4'-DDE 9.70E-03 5.38E-03 -- -- 6.43E-04 6.23E-06 3.45E-06 2.01E-04 1.32E-06 0.00E+00 2.02E-04 1.11E-04 7.29E-07 0.00E+00 1.12E-04
4,4'-DDT 2.40E-03 3.55E-03 -- -- 0.00E+00 0.00E+00 0.00E+00 4.96E-05 0.00E+00 0.00E+00 4.96E-05 7.34E-05 0.00E+00 0.00E+00 7.34E-05
Total DDTr 1.21E-02 1.21E-02 -- -- 3.58E-03 4.33E-05 4.33E-05 2.50E-04 9.13E-06 0.00E+00 2.59E-04 2.50E-04 9.13E-06 0.00E+00 2.59E-04
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Table H-9
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses

DELTA-BHC 1.70E-02 5.75E-03 -- -- 4.61E-03 7.83E-05 2.65E-05 3.52E-04 1.65E-05 0.00E+00 3.68E-04 1.19E-04 5.59E-06 0.00E+00 1.24E-04
DIELDRIN 2.30E-03 3.53E-03 -- -- 9.33E-03 2.15E-05 3.29E-05 4.76E-05 4.53E-06 0.00E+00 5.21E-05 7.29E-05 6.94E-06 0.00E+00 7.98E-05
ENDOSULFAN I 2.00E-03 2.00E-03 -- -- 1.34E-01 2.67E-04 2.67E-04 4.14E-05 5.64E-05 0.00E+00 9.77E-05 4.14E-05 5.64E-05 0.00E+00 9.77E-05
HEPTACHLOR 7.30E-03 3.33E-03 -- -- 5.06E-02 3.69E-04 1.68E-04 1.51E-04 7.79E-05 0.00E+00 2.29E-04 6.88E-05 3.55E-05 0.00E+00 1.04E-04
HEPTACHLOR EPOXIDE 2.50E-02 7.75E-03 -- -- 1.34E-01 3.34E-03 1.04E-03 5.17E-04 7.05E-04 0.00E+00 1.22E-03 1.60E-04 2.18E-04 0.00E+00 3.79E-04

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.30E-01 2.26E-01 -- -- 8.96E-02 2.96E-02 2.02E-02 6.82E-03 6.24E-03 0.00E+00 1.31E-02 4.67E-03 4.27E-03 0.00E+00 8.93E-03
DI-N-BUTYLPHTHALATE 6.50E-02 3.16E-01 -- -- 6.17E-02 4.01E-03 1.95E-02 1.34E-03 8.47E-04 0.00E+00 2.19E-03 6.54E-03 4.12E-03 0.00E+00 1.07E-02

VOLATILES

ACETOPHENONE 1.70E-01 2.44E-01 -- -- 2.74E+01 4.66E+00 6.68E+00 3.52E-03 9.83E-01 0.00E+00 9.86E-01 5.04E-03 1.41E+00 0.00E+00 1.41E+00
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Table H-10
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.10E-03 2.32E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.09E-02 1.73E-03 2.90E-05 2.21E-03 0.00E+00 2.24E-03 6.12E-06 3.52E-04 0.00E+00 3.58E-04

1,2,3,4,6,7,8-HPCDF 2.80E-03 7.04E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
3.29E-02 6.43E-03 7.39E-05 6.67E-03 0.00E+00 6.75E-03 1.86E-05 1.31E-03 0.00E+00 1.32E-03

1,2,3,4,7,8,9-HPCDF 3.60E-04 7.86E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
2.91E-03 4.81E-04 9.50E-06 5.91E-04 0.00E+00 6.00E-04 2.07E-06 9.77E-05 0.00E+00 9.98E-05

1,2,3,4,7,8-HXCDD 3.70E-05 8.46E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.98E-04 3.45E-05 9.76E-07 4.01E-05 0.00E+00 4.11E-05 2.23E-07 7.01E-06 0.00E+00 7.23E-06

1,2,3,4,7,8-HXCDF 7.70E-04 1.70E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
7.15E-03 1.20E-03 2.03E-05 1.45E-03 0.00E+00 1.47E-03 4.49E-06 2.44E-04 0.00E+00 2.48E-04

1,2,3,6,7,8-HXCDD 8.30E-05 1.84E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
5.14E-04 8.68E-05 2.19E-06 1.04E-04 0.00E+00 1.06E-04 4.87E-07 1.76E-05 0.00E+00 1.81E-05

1,2,3,6,7,8-HXCDF 4.30E-04 9.75E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
3.59E-03 6.22E-04 1.13E-05 7.29E-04 0.00E+00 7.40E-04 2.57E-06 1.26E-04 0.00E+00 1.29E-04

1,2,3,7,8,9-HXCDD 7.40E-05 1.72E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
4.49E-04 7.99E-05 1.95E-06 9.11E-05 0.00E+00 9.30E-05 4.54E-07 1.62E-05 0.00E+00 1.67E-05

1,2,3,7,8,9-HXCDF 2.30E-05 4.86E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.13E-04 1.79E-05 6.07E-07 2.29E-05 0.00E+00 2.35E-05 1.28E-07 3.64E-06 0.00E+00 3.77E-06

1,2,3,7,8-PECDD 3.20E-05 6.92E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.67E-04 2.73E-05 8.44E-07 3.38E-05 0.00E+00 3.46E-05 1.83E-07 5.54E-06 0.00E+00 5.72E-06

1,2,3,7,8-PECDF 1.50E-04 3.46E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.03E-03 1.83E-04 3.96E-06 2.10E-04 0.00E+00 2.14E-04 9.14E-07 3.71E-05 0.00E+00 3.80E-05

2,3,4,6,7,8-HXCDF 6.80E-04 1.44E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
6.17E-03 9.88E-04 1.79E-05 1.25E-03 0.00E+00 1.27E-03 3.81E-06 2.01E-04 0.00E+00 2.04E-04

2,3,4,7,8-PECDF 3.30E-04 7.23E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
2.63E-03 4.36E-04 8.71E-06 5.33E-04 0.00E+00 5.42E-04 1.91E-06 8.85E-05 0.00E+00 9.04E-05

2,3,7,8-TCDD 1.10E-05 2.04E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
4.71E-05 6.42E-06 2.90E-07 9.57E-06 0.00E+00 9.86E-06 5.37E-08 1.30E-06 0.00E+00 1.36E-06

2,3,7,8-TCDF 1.40E-04 3.08E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
9.53E-04 1.59E-04 3.69E-06 1.93E-04 0.00E+00 1.97E-04 8.13E-07 3.23E-05 0.00E+00 3.31E-05

OCDD 9.30E-03 1.31E-03 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.36E-01 1.34E-02 2.45E-04 2.76E-02 0.00E+00 2.78E-02 3.46E-05 2.72E-03 0.00E+00 2.76E-03

OCDF 5.90E-03 9.29E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
7.93E-02 8.92E-03 1.56E-04 1.61E-02 0.00E+00 1.63E-02 2.45E-05 1.81E-03 0.00E+00 1.84E-03

WHOTEQ 5.58E-04 1.55E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
4.89E-03 1.08E-03 1.47E-05 9.93E-04 0.00E+00 1.01E-03 4.09E-06 2.18E-04 0.00E+00 2.22E-04

INORGANICS

CHLORIDE 1.60E+03 1.52E+02 5.90E-02 4.30E-02 1.00E+00 1.60E+03 1.52E+02 4.22E+01 3.25E+02 1.00E-02 3.67E+02 4.01E+00 3.09E+01 7.31E-03 3.49E+01
CYANIDE (TOTAL) 1.60E+00 4.52E-01 8.30E-03 4.48E-03 1.00E+00 1.60E+00 4.52E-01 4.22E-02 3.25E-01 1.41E-03 3.68E-01 1.19E-02 9.18E-02 7.62E-04 1.04E-01
NITRATE AS N 2.00E+02 2.09E+01 9.40E-03 5.97E-03 1.00E+00 2.00E+02 2.09E+01 5.28E+00 4.06E+01 1.60E-03 4.59E+01 5.51E-01 4.24E+00 1.01E-03 4.79E+00
NITRITE AS N -- -- 6.00E-05 1.70E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.02E-05 1.02E-05 0.00E+00 0.00E+00 2.89E-05 2.89E-05

SULFATE 7.40E+04 7.54E+03 2.10E+00 8.39E-01 1.00E+00 7.40E+04 7.54E+03 1.95E+03 1.50E+04 3.57E-01 1.70E+04 1.99E+02 1.53E+03 1.43E-01 1.73E+03

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-10
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

METALS

ALUMINUM 2.06E+05 3.84E+04 4.14E+02 2.33E+01 1.18E-01 2.43E+04 4.53E+03 5.44E+03 4.93E+03 7.04E+01 1.04E+04 1.01E+03 9.20E+02 3.96E+00 1.94E+03
ANTIMONY 1.25E+02 1.02E+01 8.40E-03 4.00E-03 1.00E+00 1.25E+02 1.02E+01 3.30E+00 2.54E+01 1.43E-03 2.87E+01 2.69E-01 2.07E+00 6.80E-04 2.34E+00

ARSENIC 2.02E+04 3.01E+02 1.11E+00 9.32E-02
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
2.65E+02 1.36E+01 5.33E+02 5.37E+01 1.89E-01 5.87E+02 7.94E+00 2.75E+00 1.58E-02 1.07E+01

BARIUM 1.54E+03 2.62E+02 3.70E+00 2.52E-01 1.60E-01 4.30E+01 6.93E+02 4.06E+01 8.72E+00 6.29E-01 5.00E+01 6.91E+00 1.41E+02 4.29E-02 1.48E+02
BERYLLIUM 2.81E+01 3.20E+00 1.52E-02 2.23E-03 1.18E+00 3.32E+01 3.77E+00 7.42E-01 6.73E+00 2.58E-03 7.48E+00 8.44E-02 7.66E-01 3.79E-04 8.51E-01
BROMIDE -- -- 3.60E-04 2.56E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.12E-05 6.12E-05 0.00E+00 0.00E+00 4.35E-05 4.35E-05

CADMIUM 8.57E+01 6.42E+00 3.18E-01 3.22E-02
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
2.85E+02 3.63E+01 2.26E+00 5.79E+01 5.41E-02 6.02E+01 1.69E-01 7.37E+00 5.48E-03 7.54E+00

CALCIUM 1.55E+05 2.11E+04 6.61E+02 2.12E+02 1.00E+00 1.55E+05 2.11E+04 4.09E+03 3.15E+04 1.12E+02 3.57E+04 5.56E+02 4.28E+03 3.61E+01 4.87E+03

CHROMIUM 1.79E+03 1.17E+02 9.70E-02 1.26E-02
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
7.24E+00 8.69E+00 4.72E+01 1.47E+00 1.65E-02 4.87E+01 3.08E+00 1.76E+00 2.14E-03 4.85E+00

CHROMIUM VI 1.80E+01 9.85E+00 -- --
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
9.85E+00 1.03E+01 4.75E-01 2.00E+00 0.00E+00 2.47E+00 2.60E-01 2.08E+00 0.00E+00 2.34E+00

COBALT 5.92E+01 1.71E+01 4.16E-01 5.18E-02 2.91E-01 1.72E+01 4.97E+00 1.56E+00 3.50E+00 7.07E-02 5.13E+00 4.51E-01 1.01E+00 8.80E-03 1.47E+00

COPPER 2.81E+04 2.04E+03 1.47E+01 7.55E-01
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
7.98E+01 3.99E+01 7.42E+02 1.62E+01 2.50E+00 7.60E+02 5.38E+01 8.10E+00 1.28E-01 6.21E+01

FLUORIDE -- -- 5.70E-04 4.26E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.69E-05 9.69E-05 0.00E+00 0.00E+00 7.24E-05 7.24E-05
IRON 4.56E+05 3.35E+04 5.94E+02 5.23E+01 7.80E-02 3.56E+04 2.61E+03 1.20E+04 7.22E+03 1.01E+02 1.94E+04 8.85E+02 5.31E+02 8.90E+00 1.42E+03

LEAD 7.34E+03 4.43E+02 4.71E+00 4.19E-01
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
1.06E+03 1.10E+02 1.94E+02 2.15E+02 8.01E-01 4.10E+02 1.17E+01 2.23E+01 7.12E-02 3.41E+01

MAGNESIUM 4.78E+04 1.04E+04 3.22E+02 6.01E+01 5.30E-01 2.53E+04 5.50E+03 1.26E+03 5.14E+03 5.47E+01 6.46E+03 2.74E+02 1.12E+03 1.02E+01 1.40E+03

MANGANESE 3.83E+03 7.13E+02 2.89E+01 4.65E+00
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
1.24E+02 3.93E+01 1.01E+02 2.51E+01 4.91E+00 1.31E+02 1.88E+01 7.98E+00 7.91E-01 2.76E+01

MERCURY 3.79E+01 1.33E+00 2.03E-02 3.40E-03
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
7.75E-01 5.22E-01 1.00E+00 1.57E-01 3.45E-03 1.16E+00 3.52E-02 1.06E-01 5.78E-04 1.42E-01

NICKEL 1.24E+03 1.05E+02 2.16E-01 3.54E-02
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
6.20E+00 1.18E+01 3.27E+01 1.26E+00 3.67E-02 3.40E+01 2.77E+00 2.39E+00 6.02E-03 5.17E+00

POTASSIUM 4.05E+04 3.31E+03 5.97E+01 7.22E+00 1.00E+00 4.05E+04 3.31E+03 1.07E+03 8.22E+03 1.01E+01 9.30E+03 8.73E+01 6.71E+02 1.23E+00 7.60E+02

SELENIUM 6.19E+01 6.65E+00 1.50E-02 7.16E-03
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
1.91E+01 3.72E+00 1.63E+00 3.87E+00 2.55E-03 5.51E+00 1.75E-01 7.55E-01 1.22E-03 9.32E-01

SILVER 3.97E+02 8.49E+00 2.29E-02 6.01E-03 1.53E+01 6.07E+03 1.30E+02 1.05E+01 1.23E+03 3.89E-03 1.24E+03 2.24E-01 2.64E+01 1.02E-03 2.66E+01

SODIUM 4.29E+04 2.36E+03 7.10E+01 4.55E+01 1.00E+00 4.29E+04 2.36E+03 1.13E+03 8.71E+03 1.21E+01 9.85E+03 6.24E+01 4.80E+02 7.74E+00 5.50E+02
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Table H-10
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

THALLIUM 9.20E+00 2.47E+00 1.70E-03 6.07E-04 1.00E+00 9.20E+00 2.47E+00 2.43E-01 1.87E+00 2.89E-04 2.11E+00 6.52E-02 5.01E-01 1.03E-04 5.66E-01

VANADIUM 1.66E+02 4.58E+01 2.05E-01 2.70E-02 8.80E-01 1.46E+02 4.03E+01 4.38E+00 2.97E+01 3.49E-02 3.41E+01 1.21E+00 8.18E+00 4.59E-03 9.39E+00

ZINC 5.89E+04 1.74E+03 1.68E+02 9.44E+00
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
3.14E+03 9.89E+02 1.55E+03 6.37E+02 2.86E+01 2.22E+03 4.59E+01 2.01E+02 1.60E+00 2.48E+02

PAHS

ACENAPHTHENE 8.00E-02 3.27E-01 -- -- 3.00E-01 2.40E-02 9.82E-02 2.11E-03 4.87E-03 0.00E+00 6.98E-03 8.64E-03 1.99E-02 0.00E+00 2.86E-02
ANTHRACENE 1.80E-01 3.33E-01 -- -- 3.20E-01 5.76E-02 1.06E-01 4.75E-03 1.17E-02 0.00E+00 1.64E-02 8.78E-03 2.16E-02 0.00E+00 3.04E-02
BENZO(A)ANTHRACENE 7.10E-01 3.62E-01 -- -- 2.70E-01 1.92E-01 9.78E-02 1.87E-02 3.89E-02 0.00E+00 5.77E-02 9.56E-03 1.99E-02 0.00E+00 2.94E-02
BENZO(A)PYRENE 5.40E-01 3.53E-01 -- -- 3.40E-01 1.84E-01 1.20E-01 1.43E-02 3.73E-02 0.00E+00 5.15E-02 9.31E-03 2.43E-02 0.00E+00 3.37E-02
BENZO(B)FLUORANTHENE 7.20E-01 3.63E-01 -- -- 2.10E-01 1.51E-01 7.62E-02 1.90E-02 3.07E-02 0.00E+00 4.97E-02 9.57E-03 1.55E-02 0.00E+00 2.50E-02
BENZO(G,H,I)PERYLENE 1.60E-01 3.32E-01 -- -- 1.50E-01 2.40E-02 4.98E-02 4.22E-03 4.87E-03 0.00E+00 9.09E-03 8.75E-03 1.01E-02 0.00E+00 1.89E-02
BENZO(K)FLUORANTHENE 4.50E-01 3.48E-01 -- -- 2.10E-01 9.45E-02 7.30E-02 1.19E-02 1.92E-02 0.00E+00 3.11E-02 9.18E-03 1.48E-02 0.00E+00 2.40E-02
CARBAZOLE 1.00E-01 3.28E-01 -- -- 1.00E+00 1.00E-01 3.28E-01 2.64E-03 2.03E-02 0.00E+00 2.29E-02 8.66E-03 6.67E-02 0.00E+00 7.53E-02
CHRYSENE 7.20E-01 3.63E-01 -- -- 4.40E-01 3.17E-01 1.60E-01 1.90E-02 6.43E-02 0.00E+00 8.33E-02 9.57E-03 3.24E-02 0.00E+00 4.20E-02
DIBENZO(A,H)ANTHRACENE 1.10E-01 3.29E-01 -- -- 4.90E-01 5.39E-02 1.61E-01 2.90E-03 1.09E-02 0.00E+00 1.38E-02 8.68E-03 3.27E-02 0.00E+00 4.14E-02
FLUORANTHENE 1.30E+00 3.95E-01 -- -- 3.70E-01 4.81E-01 1.46E-01 3.43E-02 9.76E-02 0.00E+00 1.32E-01 1.04E-02 2.97E-02 0.00E+00 4.01E-02
INDENO(1,2,3-CD)PYRENE 5.00E-01 3.51E-01 -- -- 4.10E-01 2.05E-01 1.44E-01 1.32E-02 4.16E-02 0.00E+00 5.48E-02 9.25E-03 2.92E-02 0.00E+00 3.84E-02
PHENANTHRENE 7.00E-01 3.62E-01 -- -- 2.80E-01 1.96E-01 1.01E-01 1.85E-02 3.98E-02 0.00E+00 5.83E-02 9.54E-03 2.06E-02 0.00E+00 3.01E-02
PYRENE 1.10E+00 3.84E-01 -- -- 3.90E-01 4.29E-01 1.50E-01 2.90E-02 8.71E-02 0.00E+00 1.16E-01 1.01E-02 3.04E-02 0.00E+00 4.05E-02
TOTAL HMW PAH 4.98E+00 4.98E+00 -- -- -- -- -- 1.32E-01 3.35E-01 0.00E+00 4.67E-01 8.40E-02 2.09E-01 0.00E+00 2.93E-01
TOTAL LMW PAH 2.18E+00 2.18E+00 -- -- -- -- -- 6.23E-02 1.74E-01 0.00E+00 2.37E-01 4.61E-02 1.58E-01 0.00E+00 2.04E-01

PCBS

AROCLOR-1248 9.30E-01 2.62E-01 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.71E+00 6.61E-01 2.45E-02 7.53E-01 0.00E+00 7.78E-01 6.91E-03 1.34E-01 0.00E+00 1.41E-01

AROCLOR-1254 7.60E-02 4.80E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
1.23E-01 6.57E-02 2.01E-03 2.49E-02 0.00E+00 2.69E-02 1.27E-03 1.33E-02 0.00E+00 1.46E-02

AROCLOR-1260 3.00E-02 3.40E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.47E-02 4.11E-02 7.92E-04 7.03E-03 0.00E+00 7.83E-03 8.97E-04 8.34E-03 0.00E+00 9.24E-03

Total PCBS 9.60E-01 5.31E-01 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.87E+00 1.73E+00 2.53E-02 7.87E-01 0.00E+00 8.12E-01 1.40E-02 3.51E-01 0.00E+00 3.65E-01

PESTICIDES

4,4'-DDE 9.70E-03 5.38E-03 -- -- 9.00E+00 8.73E-02 4.84E-02 2.56E-04 1.77E-02 0.00E+00 1.80E-02 1.42E-04 9.82E-03 0.00E+00 9.96E-03
4,4'-DDT 2.40E-03 3.55E-03 -- -- 9.00E+00 2.16E-02 3.20E-02 6.33E-05 4.38E-03 0.00E+00 4.45E-03 9.37E-05 6.49E-03 0.00E+00 6.58E-03
Total DDTr 1.21E-02 1.21E-02 -- -- 9.00E+00 1.09E-01 1.09E-01 3.19E-04 2.21E-02 0.00E+00 2.24E-02 3.19E-04 2.21E-02 0.00E+00 2.24E-02
DELTA-BHC 1.70E-02 5.75E-03 -- -- 1.00E+00 1.70E-02 5.75E-03 4.49E-04 3.45E-03 0.00E+00 3.90E-03 1.52E-04 1.17E-03 0.00E+00 1.32E-03
DIELDRIN 2.30E-03 3.53E-03 -- -- 1.79E+00 4.12E-03 6.31E-03 6.07E-05 8.36E-04 0.00E+00 8.96E-04 9.30E-05 1.28E-03 0.00E+00 1.37E-03
ENDOSULFAN I 2.00E-03 2.00E-03 -- -- 1.00E+00 2.00E-03 2.00E-03 5.28E-05 4.06E-04 0.00E+00 4.59E-04 5.28E-05 4.06E-04 0.00E+00 4.59E-04
HEPTACHLOR 7.30E-03 3.33E-03 -- -- 4.00E-02 2.92E-04 1.33E-04 1.93E-04 5.93E-05 0.00E+00 2.52E-04 8.77E-05 2.70E-05 0.00E+00 1.15E-04
HEPTACHLOR EPOXIDE 2.50E-02 7.75E-03 -- -- 4.00E-02 1.00E-03 3.10E-04 6.60E-04 2.03E-04 0.00E+00 8.63E-04 2.05E-04 6.29E-05 0.00E+00 2.67E-04

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.30E-01 2.26E-01 -- -- 1.00E+00 3.30E-01 2.26E-01 8.71E-03 6.70E-02 0.00E+00 7.57E-02 5.96E-03 4.58E-02 0.00E+00 5.18E-02
DI-N-BUTYLPHTHALATE 6.50E-02 3.16E-01 -- -- 1.00E+00 6.50E-02 3.16E-01 1.72E-03 1.32E-02 0.00E+00 1.49E-02 8.35E-03 6.42E-02 0.00E+00 7.26E-02

VOLATILES

ACETOPHENONE 1.70E-01 2.44E-01 -- -- 1.00E+00 1.70E-01 2.44E-01 4.49E-03 3.45E-02 0.00E+00 3.90E-02 6.43E-03 4.95E-02 0.00E+00 5.59E-02
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Table H-11
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.10E-03 2.32E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.09E-02 1.73E-03 8.24E-06 8.77E-04 0.00E+00 8.85E-04 1.74E-06 1.39E-04 0.00E+00 1.41E-04

1,2,3,4,6,7,8-HPCDF 2.80E-03 7.04E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
3.29E-02 6.43E-03 2.10E-05 2.65E-03 0.00E+00 2.67E-03 5.27E-06 5.18E-04 0.00E+00 5.23E-04

1,2,3,4,7,8,9-HPCDF 3.60E-04 7.86E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
2.91E-03 4.81E-04 2.70E-06 2.34E-04 0.00E+00 2.37E-04 5.88E-07 3.88E-05 0.00E+00 3.93E-05

1,2,3,4,7,8-HXCDD 3.70E-05 8.46E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.98E-04 3.45E-05 2.77E-07 1.59E-05 0.00E+00 1.62E-05 6.33E-08 2.78E-06 0.00E+00 2.84E-06

1,2,3,4,7,8-HXCDF 7.70E-04 1.70E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
7.15E-03 1.20E-03 5.76E-06 5.75E-04 0.00E+00 5.81E-04 1.28E-06 9.67E-05 0.00E+00 9.80E-05

1,2,3,6,7,8-HXCDD 8.30E-05 1.84E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
5.14E-04 8.68E-05 6.21E-07 4.14E-05 0.00E+00 4.20E-05 1.38E-07 6.99E-06 0.00E+00 7.13E-06

1,2,3,6,7,8-HXCDF 4.30E-04 9.75E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
3.59E-03 6.22E-04 3.22E-06 2.89E-04 0.00E+00 2.92E-04 7.30E-07 5.00E-05 0.00E+00 5.08E-05

1,2,3,7,8,9-HXCDD 7.40E-05 1.72E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
4.49E-04 7.99E-05 5.54E-07 3.61E-05 0.00E+00 3.67E-05 1.29E-07 6.43E-06 0.00E+00 6.56E-06

1,2,3,7,8,9-HXCDF 2.30E-05 4.86E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.13E-04 1.79E-05 1.72E-07 9.07E-06 0.00E+00 9.24E-06 3.64E-08 1.44E-06 0.00E+00 1.48E-06

1,2,3,7,8-PECDD 3.20E-05 6.92E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.67E-04 2.73E-05 2.40E-07 1.34E-05 0.00E+00 1.36E-05 5.18E-08 2.20E-06 0.00E+00 2.25E-06

1,2,3,7,8-PECDF 1.50E-04 3.46E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.03E-03 1.83E-04 1.12E-06 8.32E-05 0.00E+00 8.44E-05 2.59E-07 1.47E-05 0.00E+00 1.50E-05

2,3,4,6,7,8-HXCDF 6.80E-04 1.44E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
6.17E-03 9.88E-04 5.09E-06 4.97E-04 0.00E+00 5.02E-04 1.08E-06 7.96E-05 0.00E+00 8.06E-05

2,3,4,7,8-PECDF 3.30E-04 7.23E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
2.63E-03 4.36E-04 2.47E-06 2.11E-04 0.00E+00 2.14E-04 5.41E-07 3.51E-05 0.00E+00 3.56E-05

2,3,7,8-TCDD 1.10E-05 2.04E-06 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
4.71E-05 6.42E-06 8.24E-08 3.79E-06 0.00E+00 3.88E-06 1.52E-08 5.17E-07 0.00E+00 5.32E-07

2,3,7,8-TCDF 1.40E-04 3.08E-05 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
9.53E-04 1.59E-04 1.05E-06 7.67E-05 0.00E+00 7.78E-05 2.31E-07 1.28E-05 0.00E+00 1.30E-05

OCDD 9.30E-03 1.31E-03 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.36E-01 1.34E-02 6.96E-05 1.09E-02 0.00E+00 1.10E-02 9.81E-06 1.08E-03 0.00E+00 1.09E-03

OCDF 5.90E-03 9.29E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
7.93E-02 8.92E-03 4.42E-05 6.39E-03 0.00E+00 6.43E-03 6.95E-06 7.18E-04 0.00E+00 7.25E-04

WHOTEQ 5.58E-04 1.55E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
4.89E-03 1.08E-03 4.18E-06 3.94E-04 0.00E+00 3.98E-04 1.16E-06 8.66E-05 0.00E+00 8.77E-05

INORGANICS

CHLORIDE 1.60E+03 1.52E+02 5.90E-02 4.30E-02 1.00E+00 1.60E+03 1.52E+02 1.20E+01 1.29E+02 5.19E-02 1.41E+02 1.14E+00 1.22E+01 3.78E-02 1.34E+01
CYANIDE (TOTAL) 1.60E+00 4.52E-01 8.30E-03 4.48E-03 1.00E+00 1.60E+00 4.52E-01 1.20E-02 1.29E-01 7.30E-03 1.48E-01 3.38E-03 3.64E-02 3.94E-03 4.37E-02
NITRATE AS N 2.00E+02 2.09E+01 9.40E-03 5.97E-03 1.00E+00 2.00E+02 2.09E+01 1.50E+00 1.61E+01 8.27E-03 1.76E+01 1.56E-01 1.68E+00 5.25E-03 1.84E+00
NITRITE AS N -- -- 6.00E-05 1.70E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.28E-05 5.28E-05 0.00E+00 0.00E+00 1.50E-04 1.50E-04
SULFATE 7.40E+04 7.54E+03 2.10E+00 8.39E-01 1.00E+00 7.40E+04 7.54E+03 5.54E+02 5.96E+03 1.85E+00 6.51E+03 5.64E+01 6.07E+02 7.38E-01 6.64E+02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-11
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
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Soil
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Total Dose
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day)

Dose from
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(mg/kg bw-
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Dose from
Food
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day)
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(mg/kg bw-
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Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

METALS

ALUMINUM 2.06E+05 3.84E+04 4.14E+02 2.33E+01 1.18E-01 2.43E+04 4.53E+03 1.54E+03 1.96E+03 3.64E+02 3.86E+03 2.88E+02 3.65E+02 2.05E+01 6.73E+02
ANTIMONY 1.25E+02 1.02E+01 8.40E-03 4.00E-03 1.00E+00 1.25E+02 1.02E+01 9.36E-01 1.01E+01 7.39E-03 1.10E+01 7.64E-02 8.21E-01 3.52E-03 9.01E-01

ARSENIC 2.02E+04 3.01E+02 1.11E+00 9.32E-02
ln(dry worm conc, mg/kg) =

(-1.421+0.706*ln(soil conc))
2.65E+02 1.36E+01 1.51E+02 2.13E+01 9.77E-01 1.73E+02 2.25E+00 1.09E+00 8.20E-02 3.43E+00

BARIUM 1.54E+03 2.62E+02 3.70E+00 2.52E-01 1.60E-01 2.46E+02 4.19E+01 1.15E+01 1.98E+01 3.26E+00 3.46E+01 1.96E+00 3.37E+00 2.22E-01 5.56E+00
BERYLLIUM 2.81E+01 3.20E+00 1.52E-02 2.23E-03 1.18E+00 3.32E+01 3.77E+00 2.10E-01 2.67E+00 1.34E-02 2.89E+00 2.39E-02 3.04E-01 1.96E-03 3.30E-01
BROMIDE -- -- 3.60E-04 2.56E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.17E-04 3.17E-04 0.00E+00 0.00E+00 2.25E-04 2.25E-04

CADMIUM 8.57E+01 6.42E+00 3.18E-01 3.22E-02
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
2.85E+02 3.63E+01 6.42E-01 2.29E+01 2.80E-01 2.39E+01 4.80E-02 2.92E+00 2.84E-02 3.00E+00

CALCIUM 1.55E+05 2.11E+04 6.61E+02 2.12E+02 1.00E+00 1.55E+05 2.11E+04 1.16E+03 1.25E+04 5.82E+02 1.42E+04 1.58E+02 1.70E+03 1.87E+02 2.04E+03

CHROMIUM 1.79E+03 1.17E+02 9.70E-02 1.26E-02
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
7.24E+00 8.69E+00 1.34E+01 5.83E-01 8.54E-02 1.41E+01 8.74E-01 6.99E-01 1.11E-02 1.58E+00

CHROMIUM VI 1.80E+01 9.85E+00 -- --
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
9.85E+00 1.03E+01 1.35E-01 7.93E-01 0.00E+00 9.28E-01 7.37E-02 8.26E-01 0.00E+00 8.99E-01

COBALT 5.92E+01 1.71E+01 4.16E-01 5.18E-02 2.91E-01 1.72E+01 4.97E+00 4.43E-01 1.39E+00 3.66E-01 2.20E+00 1.28E-01 4.00E-01 4.55E-02 5.74E-01

COPPER 2.81E+04 2.04E+03 1.47E+01 7.55E-01
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
7.98E+01 3.99E+01 2.10E+02 6.42E+00 1.29E+01 2.30E+02 1.53E+01 3.21E+00 6.65E-01 1.92E+01

FLUORIDE -- -- 5.70E-04 4.26E-04 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.02E-04 5.02E-04 0.00E+00 0.00E+00 3.75E-04 3.75E-04
IRON 4.56E+05 3.35E+04 5.94E+02 5.23E+01 7.80E-02 3.56E+04 2.61E+03 3.41E+03 2.86E+03 5.23E+02 6.80E+03 2.51E+02 2.10E+02 4.61E+01 5.08E+02

LEAD 7.34E+03 4.43E+02 4.71E+00 4.19E-01
ln(dry worm conc, mg/kg) =

(-0.218+0.807*ln(soil conc))
1.06E+03 1.10E+02 5.50E+01 8.53E+01 4.14E+00 1.44E+02 3.32E+00 8.84E+00 3.69E-01 1.25E+01

MAGNESIUM 4.78E+04 1.04E+04 3.22E+02 6.01E+01 5.30E-01 2.53E+04 5.50E+03 3.58E+02 2.04E+03 2.83E+02 2.68E+03 7.77E+01 4.43E+02 5.28E+01 5.73E+02

MANGANESE 3.83E+03 7.13E+02 2.89E+01 4.65E+00
ln(dry worm conc, mg/kg) =

(-0.809+0.682*ln(soil conc))
1.24E+02 3.93E+01 2.87E+01 9.96E+00 2.54E+01 6.41E+01 5.33E+00 3.16E+00 4.10E+00 1.26E+01

MERCURY 3.79E+01 1.33E+00 2.03E-02 3.40E-03
ln(dry worm conc, mg/kg) =

(-0.684+0.118*ln(soil conc))
7.75E-01 5.22E-01 2.84E-01 6.24E-02 1.79E-02 3.64E-01 9.99E-03 4.20E-02 2.99E-03 5.50E-02

NICKEL 1.24E+03 1.05E+02 2.16E-01 3.54E-02
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
6.20E+00 1.18E+01 9.28E+00 4.99E-01 1.90E-01 9.97E+00 7.86E-01 9.49E-01 3.12E-02 1.77E+00

POTASSIUM 4.05E+04 3.31E+03 5.97E+01 7.22E+00 1.00E+00 4.05E+04 3.31E+03 3.03E+02 3.26E+03 5.25E+01 3.62E+03 2.48E+01 2.66E+02 6.36E+00 2.97E+02

SELENIUM 6.19E+01 6.65E+00 1.50E-02 7.16E-03
ln(dry worm conc, mg/kg) =

(-0.075+0.733*ln(soil conc))
1.91E+01 3.72E+00 4.63E-01 1.54E+00 1.32E-02 2.01E+00 4.98E-02 2.99E-01 6.30E-03 3.55E-01

SILVER 3.97E+02 8.49E+00 2.29E-02 6.01E-03 1.53E+01 6.07E+03 1.30E+02 2.97E+00 4.89E+02 2.02E-02 4.92E+02 6.35E-02 1.05E+01 5.29E-03 1.05E+01
SODIUM 4.29E+04 2.36E+03 7.10E+01 4.55E+01 1.00E+00 4.29E+04 2.36E+03 3.21E+02 3.45E+03 6.25E+01 3.84E+03 1.77E+01 1.90E+02 4.01E+01 2.48E+02
THALLIUM 9.20E+00 2.47E+00 1.70E-03 6.07E-04 1.00E+00 9.20E+00 2.47E+00 6.89E-02 7.41E-01 1.50E-03 8.11E-01 1.85E-02 1.99E-01 5.34E-04 2.18E-01
VANADIUM 1.66E+02 4.58E+01 2.05E-01 2.70E-02 8.80E-01 1.46E+02 4.03E+01 1.24E+00 1.18E+01 1.80E-01 1.32E+01 3.43E-01 3.24E+00 2.37E-02 3.61E+00

ZINC 5.89E+04 1.74E+03 1.68E+02 9.44E+00
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
3.14E+03 9.89E+02 4.41E+02 2.53E+02 1.48E+02 8.41E+02 1.30E+01 7.96E+01 8.30E+00 1.01E+02

Page 2 of 3



Table H-11
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day
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PAHS

ACENAPHTHENE 8.00E-02 3.27E-01 -- -- 3.00E-01 2.40E-02 9.82E-02 5.99E-04 1.93E-03 0.00E+00 2.53E-03 2.45E-03 7.90E-03 0.00E+00 1.04E-02
ANTHRACENE 1.80E-01 3.33E-01 -- -- 3.20E-01 5.76E-02 1.06E-01 1.35E-03 4.64E-03 0.00E+00 5.98E-03 2.49E-03 8.57E-03 0.00E+00 1.11E-02
BENZO(A)ANTHRACENE 7.10E-01 3.62E-01 -- -- 2.70E-01 1.92E-01 9.78E-02 5.32E-03 1.54E-02 0.00E+00 2.07E-02 2.71E-03 7.87E-03 0.00E+00 1.06E-02
BENZO(A)PYRENE 5.40E-01 3.53E-01 -- -- 3.40E-01 1.84E-01 1.20E-01 4.04E-03 1.48E-02 0.00E+00 1.88E-02 2.64E-03 9.66E-03 0.00E+00 1.23E-02
BENZO(B)FLUORANTHENE 7.20E-01 3.63E-01 -- -- 2.10E-01 1.51E-01 7.62E-02 5.39E-03 1.22E-02 0.00E+00 1.76E-02 2.72E-03 6.13E-03 0.00E+00 8.85E-03
BENZO(G,H,I)PERYLENE 1.60E-01 3.32E-01 -- -- 1.50E-01 2.40E-02 4.98E-02 1.20E-03 1.93E-03 0.00E+00 3.13E-03 2.48E-03 4.00E-03 0.00E+00 6.49E-03
BENZO(K)FLUORANTHENE 4.50E-01 3.48E-01 -- -- 2.10E-01 9.45E-02 7.30E-02 3.37E-03 7.61E-03 0.00E+00 1.10E-02 2.60E-03 5.88E-03 0.00E+00 8.48E-03
CARBAZOLE 1.00E-01 3.28E-01 -- -- 1.00E+00 1.00E-01 3.28E-01 7.49E-04 8.05E-03 0.00E+00 8.80E-03 2.46E-03 2.64E-02 0.00E+00 2.89E-02
CHRYSENE 7.20E-01 3.63E-01 -- -- 4.40E-01 3.17E-01 1.60E-01 5.39E-03 2.55E-02 0.00E+00 3.09E-02 2.72E-03 1.28E-02 0.00E+00 1.56E-02
DIBENZO(A,H)ANTHRACENE 1.10E-01 3.29E-01 -- -- 4.90E-01 5.39E-02 1.61E-01 8.24E-04 4.34E-03 0.00E+00 5.16E-03 2.46E-03 1.30E-02 0.00E+00 1.54E-02
FLUORANTHENE 1.30E+00 3.95E-01 -- -- 3.70E-01 4.81E-01 1.46E-01 9.73E-03 3.87E-02 0.00E+00 4.85E-02 2.96E-03 1.18E-02 0.00E+00 1.47E-02
INDENO(1,2,3-CD)PYRENE 5.00E-01 3.51E-01 -- -- 4.10E-01 2.05E-01 1.44E-01 3.74E-03 1.65E-02 0.00E+00 2.02E-02 2.62E-03 1.16E-02 0.00E+00 1.42E-02
PHENANTHRENE 7.00E-01 3.62E-01 -- -- 2.80E-01 1.96E-01 1.01E-01 5.24E-03 1.58E-02 0.00E+00 2.10E-02 2.71E-03 8.15E-03 0.00E+00 1.09E-02
PYRENE 1.10E+00 3.84E-01 -- -- 3.90E-01 4.29E-01 1.50E-01 8.24E-03 3.45E-02 0.00E+00 4.28E-02 2.87E-03 1.21E-02 0.00E+00 1.49E-02
TOTAL HMW PAH 4.98E+00 4.98E+00 -- -- -- -- -- 3.75E-02 1.33E-01 0.00E+00 1.70E-01 2.38E-02 8.30E-02 0.00E+00 1.07E-01
TOTAL LMW PAH 2.18E+00 2.18E+00 -- -- -- -- -- 1.77E-02 6.91E-02 0.00E+00 8.68E-02 1.31E-02 6.28E-02 0.00E+00 7.59E-02

PCBS

AROCLOR-1248 9.30E-01 2.62E-01 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.71E+00 6.61E-01 6.96E-03 2.99E-01 0.00E+00 3.06E-01 1.96E-03 5.32E-02 0.00E+00 5.52E-02

AROCLOR-1254 7.60E-02 4.80E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
1.23E-01 6.57E-02 5.69E-04 9.88E-03 0.00E+00 1.05E-02 3.59E-04 5.29E-03 0.00E+00 5.65E-03

AROCLOR-1260 3.00E-02 3.40E-02 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.47E-02 4.11E-02 2.25E-04 2.79E-03 0.00E+00 3.01E-03 2.55E-04 3.31E-03 0.00E+00 3.56E-03

Total PCBS 9.60E-01 5.31E-01 -- --
ln(dry worm conc, mg/kg) =

(1.410+1.361*LN(soil conc))
3.87E+00 1.73E+00 7.19E-03 3.12E-01 0.00E+00 3.19E-01 3.98E-03 1.39E-01 0.00E+00 1.43E-01

PESTICIDES

4,4'-DDE 9.70E-03 5.38E-03 -- -- 9.00E+00 8.73E-02 4.84E-02 7.26E-05 7.03E-03 0.00E+00 7.10E-03 4.02E-05 3.89E-03 0.00E+00 3.93E-03
4,4'-DDT 2.40E-03 3.55E-03 -- -- 9.00E+00 2.16E-02 3.20E-02 1.80E-05 1.74E-03 0.00E+00 1.76E-03 2.66E-05 2.57E-03 0.00E+00 2.60E-03
Total DDTr 1.21E-02 1.21E-02 -- -- 9.00E+00 1.09E-01 1.09E-01 9.06E-05 8.77E-03 0.00E+00 8.86E-03 9.06E-05 8.77E-03 0.00E+00 8.86E-03
DELTA-BHC 1.70E-02 5.75E-03 -- -- 1.00E+00 1.70E-02 5.75E-03 1.27E-04 1.37E-03 0.00E+00 1.50E-03 4.30E-05 4.63E-04 0.00E+00 5.06E-04
DIELDRIN 2.30E-03 3.53E-03 -- -- 1.79E+00 4.12E-03 6.31E-03 1.72E-05 3.31E-04 0.00E+00 3.49E-04 2.64E-05 5.08E-04 0.00E+00 5.34E-04
ENDOSULFAN I 2.00E-03 2.00E-03 -- -- 1.00E+00 2.00E-03 2.00E-03 1.50E-05 1.61E-04 0.00E+00 1.76E-04 1.50E-05 1.61E-04 0.00E+00 1.76E-04
HEPTACHLOR 7.30E-03 3.33E-03 -- -- 4.00E-02 2.92E-04 1.33E-04 5.47E-05 2.35E-05 0.00E+00 7.82E-05 2.49E-05 1.07E-05 0.00E+00 3.56E-05
HEPTACHLOR EPOXIDE 2.50E-02 7.75E-03 -- -- 4.00E-02 1.00E-03 3.10E-04 1.87E-04 8.05E-05 0.00E+00 2.68E-04 5.80E-05 2.50E-05 0.00E+00 8.30E-05

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.30E-01 2.26E-01 -- -- 1.00E+00 3.30E-01 2.26E-01 2.47E-03 2.66E-02 0.00E+00 2.90E-02 1.69E-03 1.82E-02 0.00E+00 1.99E-02
DI-N-BUTYLPHTHALATE 6.50E-02 3.16E-01 -- -- 1.00E+00 6.50E-02 3.16E-01 4.87E-04 5.23E-03 0.00E+00 5.72E-03 2.37E-03 2.55E-02 0.00E+00 2.78E-02

VOLATILES

ACETOPHENONE 1.70E-01 2.44E-01 -- -- 1.00E+00 1.70E-01 2.44E-01 1.27E-03 1.37E-02 0.00E+00 1.50E-02 1.83E-03 1.96E-02 0.00E+00 2.14E-02
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Table H-12
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.10E-03 2.32E-04 -- -- 7.23E-06 1.52E-06 3.77E+00 4.15E-03 8.75E-04 5.54E-07 7.46E-05 0.00E+00 7.52E-05 1.17E-07 1.57E-05 0.00E+00 1.59E-05
1,2,3,4,6,7,8-HPCDF 2.80E-03 7.04E-04 -- -- 1.85E-05 4.65E-06 9.04E-01 2.53E-03 6.36E-04 1.41E-06 4.56E-05 0.00E+00 4.70E-05 3.55E-07 1.15E-05 0.00E+00 1.18E-05
1,2,3,4,7,8,9-HPCDF 3.60E-04 7.86E-05 -- -- 2.38E-06 5.19E-07 9.04E-01 3.25E-04 7.10E-05 1.81E-07 5.86E-06 0.00E+00 6.04E-06 3.96E-08 1.28E-06 0.00E+00 1.32E-06
1,2,3,4,7,8-HXCDD 3.70E-05 8.46E-06 -- -- 2.44E-07 5.58E-08 8.64E-01 3.20E-05 7.31E-06 1.86E-08 5.75E-07 0.00E+00 5.94E-07 4.26E-09 1.31E-07 0.00E+00 1.36E-07
1,2,3,4,7,8-HXCDF 7.70E-04 1.70E-04 -- -- 5.11E-06 1.13E-06 4.43E-01 3.41E-04 7.55E-05 3.88E-07 6.14E-06 0.00E+00 6.53E-06 8.58E-08 1.36E-06 0.00E+00 1.44E-06
1,2,3,6,7,8-HXCDD 8.30E-05 1.84E-05 -- -- 5.48E-07 1.22E-07 8.64E-01 7.17E-05 1.59E-05 4.18E-08 1.29E-06 0.00E+00 1.33E-06 9.30E-09 2.87E-07 0.00E+00 2.96E-07
1,2,3,6,7,8-HXCDF 4.30E-04 9.75E-05 -- -- 2.98E-06 6.77E-07 4.03E-02 1.73E-05 3.93E-06 2.17E-07 3.12E-07 0.00E+00 5.29E-07 4.92E-08 7.08E-08 0.00E+00 1.20E-07
1,2,3,7,8,9-HXCDD 7.40E-05 1.72E-05 -- -- 4.89E-07 1.14E-07 8.64E-01 6.39E-05 1.48E-05 3.73E-08 1.15E-06 0.00E+00 1.19E-06 8.66E-09 2.67E-07 0.00E+00 2.76E-07
1,2,3,7,8,9-HXCDF 2.30E-05 4.86E-06 -- -- 1.53E-07 3.23E-08 2.02E-01 4.65E-06 9.81E-07 1.16E-08 8.36E-08 0.00E+00 9.52E-08 2.45E-09 1.77E-08 0.00E+00 2.01E-08
1,2,3,7,8-PECDD 3.20E-05 6.92E-06 -- -- 2.22E-07 4.80E-08 4.03E-02 1.29E-06 2.79E-07 1.61E-08 2.32E-08 0.00E+00 3.93E-08 3.49E-09 5.02E-09 0.00E+00 8.51E-09
1,2,3,7,8-PECDF 1.50E-04 3.46E-05 -- -- 1.03E-06 2.38E-07 4.64E-02 6.96E-06 1.61E-06 7.56E-08 1.25E-07 0.00E+00 2.01E-07 1.75E-08 2.89E-08 0.00E+00 4.64E-08
2,3,4,6,7,8-HXCDF 6.80E-04 1.44E-04 -- -- 4.51E-06 9.58E-07 4.43E-01 3.01E-04 6.40E-05 3.43E-07 5.42E-06 0.00E+00 5.77E-06 7.28E-08 1.15E-06 0.00E+00 1.22E-06
2,3,4,7,8-PECDF 3.30E-04 7.23E-05 -- -- 2.27E-06 4.97E-07 5.49E-02 1.81E-05 3.97E-06 1.66E-07 3.26E-07 0.00E+00 4.92E-07 3.64E-08 7.14E-08 0.00E+00 1.08E-07
2,3,7,8-TCDD 1.10E-05 2.04E-06 -- -- 8.21E-08 1.52E-08 7.52E-03 8.27E-08 1.53E-08 5.54E-09 1.49E-09 0.00E+00 7.03E-09 1.03E-09 2.76E-10 0.00E+00 1.30E-09
2,3,7,8-TCDF 1.40E-04 3.08E-05 -- -- 1.02E-06 2.25E-07 1.04E-02 1.46E-06 3.20E-07 7.06E-08 2.62E-08 0.00E+00 9.68E-08 1.55E-08 5.77E-09 0.00E+00 2.13E-08
OCDD 9.30E-03 1.31E-03 -- -- 6.10E-05 8.59E-06 1.68E+01 1.56E-01 2.20E-02 4.69E-06 2.81E-03 0.00E+00 2.82E-03 6.61E-07 3.96E-04 0.00E+00 3.97E-04
OCDF 5.90E-03 9.29E-04 -- -- 3.88E-05 6.10E-06 3.95E+00 2.33E-02 3.67E-03 2.97E-06 4.19E-04 0.00E+00 4.22E-04 4.68E-07 6.60E-05 0.00E+00 6.65E-05
WHOTEQ 5.58E-04 1.55E-04 -- -- 4.17E-06 1.16E-06 7.52E-03 4.20E-06 1.17E-06 0.00E+00 7.56E-08 3.13E-07 3.88E-07 0.00E+00 2.10E-08 8.68E-08 1.08E-07

INORGANICS

CHLORIDE 1.60E+03 1.52E+02 5.90E-02 4.30E-02 1.46E+02 1.39E+01 1.00E+00 1.60E+03 1.52E+02 8.06E-01 2.88E+01 4.43E-03 2.96E+01 7.67E-02 2.74E+00 3.23E-03 2.82E+00
CYANIDE (TOTAL) 1.60E+00 4.52E-01 8.30E-03 4.48E-03 2.19E-02 7.03E-03 1.00E+00 1.60E+00 4.52E-01 8.06E-04 2.88E-02 6.23E-04 3.02E-02 2.28E-04 8.14E-03 3.36E-04 8.70E-03
NITRATE AS N 2.00E+02 2.09E+01 9.40E-03 5.97E-03 1.83E+01 1.91E+00 1.00E+00 2.00E+02 2.09E+01 1.01E-01 3.60E+00 7.05E-04 3.70E+00 1.05E-02 3.76E-01 4.47E-04 3.87E-01
NITRITE AS N -- -- 6.00E-05 1.70E-04 2.04E-05 7.20E-06 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.50E-06 4.50E-06 0.00E+00 0.00E+00 1.28E-05 1.28E-05
SULFATE 7.40E+04 7.54E+03 2.10E+00 8.39E-01 6.77E+03 6.90E+02 1.00E+00 7.40E+04 7.54E+03 3.73E+01 1.33E+03 1.58E-01 1.37E+03 3.80E+00 1.36E+02 6.29E-02 1.40E+02

METALS

ALUMINUM 2.06E+05 3.84E+04 4.14E+02 2.33E+01 1.47E+03 2.67E+02 7.32E-02 1.51E+04 2.81E+03 1.04E+02 2.71E+02 3.11E+01 4.06E+02 1.94E+01 5.06E+01 1.75E+00 7.17E+01
ANTIMONY 1.25E+02 1.02E+01 8.40E-03 4.00E-03 2.94E+00 2.41E-01 2.12E-04 2.65E-02 2.16E-03 6.30E-02 4.77E-04 6.30E-04 6.41E-02 5.14E-03 3.89E-05 3.00E-04 5.48E-03

ARSENIC 2.02E+04 3.01E+02 1.11E+00 9.32E-02 1.35E+02 2.27E+00

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

2.63E+01 8.40E-01 1.02E+01 4.74E-01 8.33E-02 1.07E+01 1.52E-01 1.51E-02 6.99E-03 1.74E-01

BARIUM 1.54E+03 2.62E+02 3.70E+00 2.52E-01 3.02E+01 5.08E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
4.15E+01 1.20E+01 7.76E-01 7.47E-01 2.78E-01 1.80E+00 1.32E-01 2.16E-01 1.89E-02 3.67E-01

BERYLLIUM 2.81E+01 3.20E+00 1.52E-02 2.23E-03 2.10E-01 2.39E-02 2.12E-04 5.96E-03 6.78E-04 1.42E-02 1.07E-04 1.14E-03 1.54E-02 1.61E-03 1.22E-05 1.67E-04 1.79E-03
BROMIDE -- -- 3.60E-04 2.56E-04 -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.70E-05 2.70E-05 0.00E+00 0.00E+00 1.92E-05 1.92E-05

CADMIUM 8.57E+01 6.42E+00 3.18E-01 3.22E-02 1.20E+00 1.92E-01

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

5.67E+00 1.61E+00 4.32E-02 1.02E-01 2.39E-02 1.69E-01 3.23E-03 2.89E-02 2.42E-03 3.46E-02

CALCIUM 1.55E+05 2.11E+04 6.61E+02 2.12E+02 4.72E+04 6.43E+03 1.48E-04 2.29E+01 3.12E+00 7.81E+01 4.13E-01 4.96E+01 1.28E+02 1.06E+01 5.61E-02 1.59E+01 2.66E+01

CHROMIUM 1.79E+03 1.17E+02 9.70E-02 1.26E-02 1.29E+01 8.40E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

5.66E+01 7.63E+00 9.02E-01 1.02E+00 7.28E-03 1.93E+00 5.88E-02 1.37E-01 9.45E-04 1.97E-01

CHROMIUM VI 1.80E+01 9.85E+00 -- -- 1.29E-01 7.07E-02

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

1.94E+00 1.24E+00 9.07E-03 3.49E-02 0.00E+00 4.39E-02 4.96E-03 2.24E-02 0.00E+00 2.74E-02

COBALT 5.92E+01 1.71E+01 4.16E-01 5.18E-02 5.38E-01 1.47E-01 1.00E-01 5.92E+00 1.71E+00 2.98E-02 1.07E-01 3.12E-02 1.68E-01 8.61E-03 3.07E-02 3.88E-03 4.32E-02

COPPER 2.81E+04 2.04E+03 1.47E+01 7.55E-01 1.95E+02 2.28E+01

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

3.38E+01 2.32E+01 1.42E+01 6.09E-01 1.10E+00 1.59E+01 1.03E+00 4.17E-01 5.66E-02 1.50E+00

FLUORIDE -- -- 5.70E-04 4.26E-04 6.84E-05 5.11E-05 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.28E-05 4.28E-05 0.00E+00 0.00E+00 3.20E-05 3.20E-05
IRON 4.56E+05 3.35E+04 5.94E+02 5.23E+01 3.21E+03 2.37E+02 4.24E-03 1.93E+03 1.42E+02 2.30E+02 3.48E+01 4.46E+01 3.09E+02 1.69E+01 2.56E+00 3.93E+00 2.34E+01

Mean Case Scenario DosesDose to Small Mammal
(mg/kg bw-day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-12
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario DosesDose to Small Mammal
(mg/kg bw-day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

LEAD 7.34E+03 4.43E+02 4.71E+00 4.19E-01 5.19E+01 3.64E+00

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

5.53E+01 1.60E+01 3.70E+00 9.95E-01 3.53E-01 5.05E+00 2.23E-01 2.87E-01 3.14E-02 5.42E-01

MAGNESIUM 4.78E+04 1.04E+04 3.22E+02 6.01E+01 4.41E+03 9.57E+02 1.06E-03 5.07E+01 1.10E+01 2.41E+01 9.12E-01 2.42E+01 4.92E+01 5.23E+00 1.98E-01 4.50E+00 9.93E+00
MANGANESE 3.83E+03 7.13E+02 2.89E+01 4.65E+00 1.10E+02 2.04E+01 5.87E-02 2.25E+02 4.18E+01 1.93E+00 4.05E+00 2.17E+00 8.14E+00 3.59E-01 7.53E-01 3.49E-01 1.46E+00
MERCURY 3.79E+01 1.33E+00 2.03E-02 3.40E-03 4.77E-01 4.59E-02 1.92E-01 7.28E+00 2.56E-01 1.91E-02 1.31E-01 1.52E-03 1.52E-01 6.72E-04 4.61E-03 2.55E-04 5.54E-03

NICKEL 1.24E+03 1.05E+02 2.16E-01 3.54E-02 1.00E+01 9.90E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

2.16E+01 6.83E+00 6.25E-01 3.88E-01 1.62E-02 1.03E+00 5.29E-02 1.23E-01 2.66E-03 1.79E-01

POTASSIUM 4.05E+04 3.31E+03 5.97E+01 7.22E+00 3.71E+03 3.04E+02 4.24E-03 1.72E+02 1.40E+01 2.04E+01 3.09E+00 4.48E+00 2.80E+01 1.67E+00 2.52E-01 5.42E-01 2.46E+00

SELENIUM 6.19E+01 6.65E+00 1.50E-02 7.16E-03 4.51E+00 3.94E-01

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

3.12E+00 1.35E+00 3.12E-02 5.61E-02 1.13E-03 8.84E-02 3.35E-03 2.42E-02 5.37E-04 2.81E-02

SILVER 3.97E+02 8.49E+00 2.29E-02 6.01E-03 1.61E+01 3.45E-01 5.01E-01 1.99E+02 4.25E+00 2.00E-01 3.58E+00 1.72E-03 3.78E+00 4.28E-03 7.65E-02 4.50E-04 8.13E-02
SODIUM 4.29E+04 2.36E+03 7.10E+01 4.55E+01 5.63E+02 3.60E+01 1.17E-02 5.02E+02 2.77E+01 2.16E+01 9.03E+00 5.33E+00 3.60E+01 1.19E+00 4.98E-01 3.41E+00 5.10E+00
THALLIUM 9.20E+00 2.47E+00 1.70E-03 6.07E-04 6.35E-02 1.71E-02 1.23E-01 1.13E+00 3.04E-01 4.64E-03 2.04E-02 1.28E-04 2.51E-02 1.24E-03 5.47E-03 4.55E-05 6.76E-03
VANADIUM 1.66E+02 4.58E+01 2.05E-01 2.70E-02 1.19E+00 3.24E-01 1.79E-01 2.97E+01 8.20E+00 8.37E-02 5.35E-01 1.54E-02 6.34E-01 2.31E-02 1.48E-01 2.02E-03 1.73E-01

ZINC 5.89E+04 1.74E+03 1.68E+02 9.44E+00 5.88E+02 3.84E+01

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.97E+02 1.52E+02 2.97E+01 3.54E+00 1.26E+01 4.58E+01 8.77E-01 2.73E+00 7.08E-01 4.32E+00

PAHS

ACENAPHTHENE 8.00E-02 3.27E-01 -- -- 1.95E-03 7.98E-03 4.37E-05 3.50E-06 1.43E-05 4.03E-05 6.29E-08 0.00E+00 4.04E-05 1.65E-04 2.57E-07 0.00E+00 1.65E-04
ANTHRACENE 1.80E-01 3.33E-01 -- -- 1.60E-01 2.25E-01 1.54E-04 2.77E-05 5.12E-05 9.07E-05 4.99E-07 0.00E+00 9.12E-05 1.68E-04 9.22E-07 0.00E+00 1.69E-04
BENZO(A)ANTHRACENE 7.10E-01 3.62E-01 -- -- 5.89E-03 3.00E-03 2.77E-03 1.97E-03 1.00E-03 3.58E-04 3.54E-05 0.00E+00 3.93E-04 1.83E-04 1.81E-05 0.00E+00 2.01E-04
BENZO(A)PYRENE 5.40E-01 3.53E-01 -- -- 4.16E-03 2.72E-03 5.73E-03 3.09E-03 2.02E-03 2.72E-04 5.57E-05 0.00E+00 3.28E-04 1.78E-04 3.64E-05 0.00E+00 2.14E-04
BENZO(B)FLUORANTHENE 7.20E-01 3.63E-01 -- -- 5.40E-03 2.72E-03 8.27E-03 5.95E-03 3.00E-03 3.63E-04 1.07E-04 0.00E+00 4.70E-04 1.83E-04 5.40E-05 0.00E+00 2.37E-04
BENZO(G,H,I)PERYLENE 1.60E-01 3.32E-01 -- -- 1.13E-03 2.34E-03 2.45E-02 3.92E-03 8.13E-03 8.06E-05 7.06E-05 0.00E+00 1.51E-04 1.67E-04 1.46E-04 0.00E+00 3.13E-04
BENZO(K)FLUORANTHENE 4.50E-01 3.48E-01 -- -- 3.37E-03 2.61E-03 8.27E-03 3.72E-03 2.88E-03 2.27E-04 6.70E-05 0.00E+00 2.94E-04 1.75E-04 5.18E-05 0.00E+00 2.27E-04
CARBAZOLE 1.00E-01 3.28E-01 -- -- 2.98E-03 9.80E-03 2.72E-05 2.72E-06 8.93E-06 5.04E-05 4.90E-08 0.00E+00 5.04E-05 1.65E-04 1.61E-07 0.00E+00 1.66E-04
CHRYSENE 7.20E-01 3.63E-01 -- -- 5.97E-03 3.01E-03 2.77E-03 1.99E-03 1.00E-03 3.63E-04 3.59E-05 0.00E+00 3.99E-04 1.83E-04 1.81E-05 0.00E+00 2.01E-04
DIBENZO(A,H)ANTHRACENE 1.10E-01 3.29E-01 -- -- 7.83E-04 2.34E-03 2.02E-02 2.22E-03 6.64E-03 5.54E-05 4.00E-05 0.00E+00 9.54E-05 1.66E-04 1.20E-04 0.00E+00 2.85E-04
FLUORANTHENE 1.30E+00 3.95E-01 -- -- 1.44E-02 4.37E-03 5.07E-04 6.59E-04 2.00E-04 6.55E-04 1.19E-05 0.00E+00 6.67E-04 1.99E-04 3.60E-06 0.00E+00 2.03E-04
INDENO(1,2,3-CD)PYRENE 5.00E-01 3.51E-01 -- -- 3.53E-03 2.47E-03 2.47E-02 1.24E-02 8.66E-03 2.52E-04 2.22E-04 0.00E+00 4.74E-04 1.77E-04 1.56E-04 0.00E+00 3.33E-04
PHENANTHRENE 7.00E-01 3.62E-01 -- -- 1.07E-02 5.50E-03 1.58E-04 1.11E-04 5.71E-05 3.53E-04 1.99E-06 0.00E+00 3.55E-04 1.82E-04 1.03E-06 0.00E+00 1.83E-04
PYRENE 1.10E+00 3.84E-01 -- -- 1.27E-02 4.42E-03 4.29E-04 4.72E-04 1.65E-04 5.54E-04 8.49E-06 0.00E+00 5.63E-04 1.93E-04 2.96E-06 0.00E+00 1.96E-04
TOTAL HMW PAH 4.98E+00 4.98E+00 -- -- 4.29E-02 2.56E-02 -- -- -- 2.53E-03 6.43E-04 0.00E+00 3.17E-03 1.60E-03 6.03E-04 0.00E+00 2.21E-03
TOTAL LMW PAH 2.18E+00 2.18E+00 -- -- 1.90E-01 2.53E-01 -- -- -- 1.19E-03 1.45E-05 0.00E+00 1.20E-03 8.79E-04 5.97E-06 0.00E+00 8.85E-04

PCBS
AROCLOR-1248 9.30E-01 2.62E-01 -- -- 6.75E-03 1.90E-03 1.38E-02 1.28E-02 3.61E-03 4.69E-04 2.31E-04 0.00E+00 7.00E-04 1.32E-04 6.50E-05 0.00E+00 1.97E-04
AROCLOR-1254 7.60E-02 4.80E-02 -- -- 5.52E-04 3.48E-04 1.38E-02 1.05E-03 6.62E-04 3.83E-05 1.89E-05 0.00E+00 5.72E-05 2.42E-05 1.19E-05 0.00E+00 3.61E-05
AROCLOR-1260 3.00E-02 3.40E-02 -- -- 2.05E-04 2.33E-04 6.33E-02 1.90E-03 2.15E-03 1.51E-05 3.42E-05 0.00E+00 4.93E-05 1.71E-05 3.87E-05 0.00E+00 5.59E-05
Total PCBS 9.60E-01 5.31E-01 -- -- 6.34E-03 3.50E-03 1.36E+00 1.31E+00 7.22E-01 4.84E-04 2.35E-02 0.00E+00 2.40E-02 2.68E-04 1.30E-02 0.00E+00 1.33E-02
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Table H-12
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario DosesDose to Small Mammal
(mg/kg bw-day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

PESTICIDES

4,4'-DDE 9.70E-03 5.38E-03 -- -- 7.44E-05 4.12E-05 2.95E-03 2.86E-05 1.59E-05 4.89E-06 5.15E-07 0.00E+00 5.40E-06 2.71E-06 2.85E-07 0.00E+00 2.99E-06
4,4'-DDT 2.40E-03 3.55E-03 -- -- 1.66E-05 2.46E-05 1.45E-02 3.48E-05 5.15E-05 1.21E-06 6.26E-07 0.00E+00 1.84E-06 1.79E-06 9.27E-07 0.00E+00 2.72E-06
Total DDTr 1.21E-02 1.21E-02 -- -- 9.28E-05 9.28E-05 6.33E-02 7.66E-04 7.66E-04 6.10E-06 1.38E-05 0.00E+00 1.99E-05 6.10E-06 1.38E-05 0.00E+00 1.99E-05
DELTA-BHC 1.70E-02 5.75E-03 -- -- 3.04E-04 1.03E-04 7.38E-05 1.25E-06 4.24E-07 8.57E-06 2.26E-08 0.00E+00 8.59E-06 2.90E-06 7.64E-09 0.00E+00 2.91E-06
DIELDRIN 2.30E-03 3.53E-03 -- -- 2.04E-05 3.13E-05 1.96E-04 4.51E-07 6.91E-07 1.16E-06 8.11E-09 0.00E+00 1.17E-06 1.78E-06 1.24E-08 0.00E+00 1.79E-06
ENDOSULFAN I 2.00E-03 2.00E-03 -- -- 7.55E-05 7.55E-05 3.53E-05 7.06E-08 7.06E-08 1.01E-06 1.27E-09 0.00E+00 1.01E-06 1.01E-06 1.27E-09 0.00E+00 1.01E-06
HEPTACHLOR 7.30E-03 3.33E-03 -- -- 5.76E-05 2.63E-05 1.01E-04 7.37E-07 3.36E-07 3.68E-06 1.33E-08 0.00E+00 3.69E-06 1.68E-06 6.04E-09 0.00E+00 1.68E-06
HEPTACHLOR EPOXIDE 2.50E-02 7.75E-03 -- -- 3.54E-04 1.10E-04 1.48E-03 3.70E-05 1.15E-05 1.26E-05 6.66E-07 0.00E+00 1.33E-05 3.91E-06 2.06E-07 0.00E+00 4.11E-06

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.30E-01 2.26E-01 -- -- 3.37E-03 2.30E-03 7.41E-04 2.45E-04 1.67E-04 1.66E-04 4.40E-06 0.00E+00 1.71E-04 1.14E-04 3.01E-06 0.00E+00 1.17E-04
DI-N-BUTYLPHTHALATE 6.50E-02 3.16E-01 -- -- 8.89E-04 4.32E-03 2.93E-04 1.90E-05 9.27E-05 3.28E-05 3.43E-07 0.00E+00 3.31E-05 1.59E-04 1.67E-06 0.00E+00 1.61E-04

VOLATILES

ACETOPHENONE 1.70E-01 2.44E-01 -- -- 6.17E-02 8.85E-02 1.00E+00 1.70E-01 2.44E-01 8.57E-05 3.06E-03 0.00E+00 3.15E-03 1.23E-04 4.39E-03 0.00E+00 4.51E-03
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Table H-13
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.10E-03 2.32E-04 -- -- 7.23E-06 1.52E-06 3.77E+00 4.15E-03 8.75E-04 0.00E+00 1.14E-04 0.00E+00 1.14E-04 0.00E+00 2.41E-05 0.00E+00 2.41E-05
1,2,3,4,6,7,8-HPCDF 2.80E-03 7.04E-04 -- -- 1.85E-05 4.65E-06 9.04E-01 2.53E-03 6.36E-04 0.00E+00 6.96E-05 0.00E+00 6.96E-05 0.00E+00 1.75E-05 0.00E+00 1.75E-05
1,2,3,4,7,8,9-HPCDF 3.60E-04 7.86E-05 -- -- 2.38E-06 5.19E-07 9.04E-01 3.25E-04 7.10E-05 0.00E+00 8.95E-06 0.00E+00 8.95E-06 0.00E+00 1.95E-06 0.00E+00 1.95E-06
1,2,3,4,7,8-HXCDD 3.70E-05 8.46E-06 -- -- 2.44E-07 5.58E-08 8.64E-01 3.20E-05 7.31E-06 0.00E+00 8.79E-07 0.00E+00 8.79E-07 0.00E+00 2.01E-07 0.00E+00 2.01E-07
1,2,3,4,7,8-HXCDF 7.70E-04 1.70E-04 -- -- 5.11E-06 1.13E-06 4.43E-01 3.41E-04 7.55E-05 0.00E+00 9.38E-06 0.00E+00 9.38E-06 0.00E+00 2.07E-06 0.00E+00 2.07E-06
1,2,3,6,7,8-HXCDD 8.30E-05 1.84E-05 -- -- 5.48E-07 1.22E-07 8.64E-01 7.17E-05 1.59E-05 0.00E+00 1.97E-06 0.00E+00 1.97E-06 0.00E+00 4.38E-07 0.00E+00 4.38E-07
1,2,3,6,7,8-HXCDF 4.30E-04 9.75E-05 -- -- 2.98E-06 6.77E-07 4.03E-02 1.73E-05 3.93E-06 0.00E+00 4.77E-07 0.00E+00 4.77E-07 0.00E+00 1.08E-07 0.00E+00 1.08E-07
1,2,3,7,8,9-HXCDD 7.40E-05 1.72E-05 -- -- 4.89E-07 1.14E-07 8.64E-01 6.39E-05 1.48E-05 0.00E+00 1.76E-06 0.00E+00 1.76E-06 0.00E+00 4.08E-07 0.00E+00 4.08E-07
1,2,3,7,8,9-HXCDF 2.30E-05 4.86E-06 -- -- 1.53E-07 3.23E-08 2.02E-01 4.65E-06 9.81E-07 0.00E+00 1.28E-07 0.00E+00 1.28E-07 0.00E+00 2.70E-08 0.00E+00 2.70E-08
1,2,3,7,8-PECDD 3.20E-05 6.92E-06 -- -- 2.22E-07 4.80E-08 4.03E-02 1.29E-06 2.79E-07 0.00E+00 3.55E-08 0.00E+00 3.55E-08 0.00E+00 7.67E-09 0.00E+00 7.67E-09
1,2,3,7,8-PECDF 1.50E-04 3.46E-05 -- -- 1.03E-06 2.38E-07 4.64E-02 6.96E-06 1.61E-06 0.00E+00 1.91E-07 0.00E+00 1.91E-07 0.00E+00 4.42E-08 0.00E+00 4.42E-08
2,3,4,6,7,8-HXCDF 6.80E-04 1.44E-04 -- -- 4.51E-06 9.58E-07 4.43E-01 3.01E-04 6.40E-05 0.00E+00 8.28E-06 0.00E+00 8.28E-06 0.00E+00 1.76E-06 0.00E+00 1.76E-06
2,3,4,7,8-PECDF 3.30E-04 7.23E-05 -- -- 2.27E-06 4.97E-07 5.49E-02 1.81E-05 3.97E-06 0.00E+00 4.98E-07 0.00E+00 4.98E-07 0.00E+00 1.09E-07 0.00E+00 1.09E-07
2,3,7,8-TCDD 1.10E-05 2.04E-06 -- -- 8.21E-08 1.52E-08 7.52E-03 8.27E-08 1.53E-08 0.00E+00 2.27E-09 0.00E+00 2.27E-09 0.00E+00 4.21E-10 0.00E+00 4.21E-10
2,3,7,8-TCDF 1.40E-04 3.08E-05 -- -- 1.02E-06 2.25E-07 1.04E-02 1.46E-06 3.20E-07 0.00E+00 4.00E-08 0.00E+00 4.00E-08 0.00E+00 8.81E-09 0.00E+00 8.81E-09
OCDD 9.30E-03 1.31E-03 -- -- 6.10E-05 8.59E-06 1.68E+01 1.56E-01 2.20E-02 0.00E+00 4.30E-03 0.00E+00 4.30E-03 0.00E+00 6.06E-04 0.00E+00 6.06E-04
OCDF 5.90E-03 9.29E-04 -- -- 3.88E-05 6.10E-06 3.95E+00 2.33E-02 3.67E-03 0.00E+00 6.41E-04 0.00E+00 6.41E-04 0.00E+00 1.01E-04 0.00E+00 1.01E-04
WHOTEQ 5.58E-04 1.55E-04 -- -- 4.17E-06 1.16E-06 7.52E-03 4.20E-06 1.17E-06 0.00E+00 1.15E-07 2.38E-07 3.53E-07 0.00E+00 3.21E-08 6.60E-08 9.80E-08

INORGANICS

CHLORIDE 1.60E+03 1.52E+02 5.90E-02 4.30E-02 1.46E+02 1.39E+01 1.00E+00 1.60E+03 1.52E+02 0.00E+00 4.40E+01 3.36E-03 4.40E+01 0.00E+00 4.18E+00 2.45E-03 4.19E+00
CYANIDE (TOTAL) 1.60E+00 4.52E-01 8.30E-03 4.48E-03 2.19E-02 7.03E-03 1.00E+00 1.60E+00 4.52E-01 0.00E+00 4.40E-02 4.73E-04 4.45E-02 0.00E+00 1.24E-02 2.55E-04 1.27E-02
NITRATE AS N 2.00E+02 2.09E+01 9.40E-03 5.97E-03 1.83E+01 1.91E+00 1.00E+00 2.00E+02 2.09E+01 0.00E+00 5.50E+00 5.36E-04 5.50E+00 0.00E+00 5.74E-01 3.40E-04 5.74E-01
NITRITE AS N -- -- 6.00E-05 1.70E-04 2.04E-05 7.20E-06 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.42E-06 3.42E-06 0.00E+00 0.00E+00 9.69E-06 9.69E-06
SULFATE 7.40E+04 7.54E+03 2.10E+00 8.39E-01 6.77E+03 6.90E+02 1.00E+00 7.40E+04 7.54E+03 0.00E+00 2.04E+03 1.20E-01 2.04E+03 0.00E+00 2.07E+02 4.78E-02 2.07E+02

METALS

ALUMINUM 2.06E+05 3.84E+04 4.14E+02 2.33E+01 1.47E+03 2.67E+02 7.32E-02 1.51E+04 2.81E+03 0.00E+00 4.15E+02 2.36E+01 4.38E+02 0.00E+00 7.73E+01 1.33E+00 7.87E+01
ANTIMONY 1.25E+02 1.02E+01 8.40E-03 4.00E-03 2.94E+00 2.41E-01 2.12E-04 2.65E-02 2.16E-03 0.00E+00 7.29E-04 4.79E-04 1.21E-03 0.00E+00 5.95E-05 2.28E-04 2.87E-04

ARSENIC 2.02E+04 3.01E+02 1.11E+00 9.32E-02 1.35E+02 2.27E+00

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

2.63E+01 8.40E-01 0.00E+00 7.24E-01 6.33E-02 7.87E-01 0.00E+00 2.31E-02 5.31E-03 2.84E-02

BARIUM 1.54E+03 2.62E+02 3.70E+00 2.52E-01 3.02E+01 5.08E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
4.15E+01 1.20E+01 0.00E+00 1.14E+00 2.11E-01 1.35E+00 0.00E+00 3.30E-01 1.44E-02 3.45E-01

BERYLLIUM 2.81E+01 3.20E+00 1.52E-02 2.23E-03 2.10E-01 2.39E-02 2.12E-04 5.96E-03 6.78E-04 0.00E+00 1.64E-04 8.66E-04 1.03E-03 0.00E+00 1.86E-05 1.27E-04 1.46E-04
BROMIDE -- -- 3.60E-04 2.56E-04 -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.05E-05 2.05E-05 0.00E+00 0.00E+00 1.46E-05 1.46E-05

CADMIUM 8.57E+01 6.42E+00 3.18E-01 3.22E-02 1.20E+00 1.92E-01

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

5.67E+00 1.61E+00 0.00E+00 1.56E-01 1.81E-02 1.74E-01 0.00E+00 4.42E-02 1.84E-03 4.60E-02

CALCIUM 1.55E+05 2.11E+04 6.61E+02 2.12E+02 4.72E+04 6.43E+03 1.48E-04 2.29E+01 3.12E+00 0.00E+00 6.31E-01 3.77E+01 3.83E+01 0.00E+00 8.57E-02 1.21E+01 1.22E+01

CHROMIUM 1.79E+03 1.17E+02 9.70E-02 1.26E-02 1.29E+01 8.40E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

5.66E+01 7.63E+00 0.00E+00 1.56E+00 5.53E-03 1.56E+00 0.00E+00 2.10E-01 7.18E-04 2.11E-01

CHROMIUM VI 1.80E+01 9.85E+00 -- -- 1.29E-01 7.07E-02

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

1.94E+00 1.24E+00 0.00E+00 5.33E-02 0.00E+00 5.33E-02 0.00E+00 3.42E-02 0.00E+00 3.42E-02

COBALT 5.92E+01 1.71E+01 4.16E-01 5.18E-02 5.38E-01 1.47E-01 1.00E-01 5.92E+00 1.71E+00 0.00E+00 1.63E-01 2.37E-02 1.87E-01 0.00E+00 4.70E-02 2.95E-03 4.99E-02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)

Dose to Small Mammal
(mg/kg bw-day) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-13
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)

Dose to Small Mammal
(mg/kg bw-day) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

COPPER 2.81E+04 2.04E+03 1.47E+01 7.55E-01 1.95E+02 2.28E+01

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

3.38E+01 2.32E+01 0.00E+00 9.30E-01 8.38E-01 1.77E+00 0.00E+00 6.37E-01 4.31E-02 6.80E-01

FLUORIDE -- -- 5.70E-04 4.26E-04 6.84E-05 5.11E-05 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.25E-05 3.25E-05 0.00E+00 0.00E+00 2.43E-05 2.43E-05
IRON 4.56E+05 3.35E+04 5.94E+02 5.23E+01 3.21E+03 2.37E+02 4.24E-03 1.93E+03 1.42E+02 0.00E+00 5.32E+01 3.39E+01 8.70E+01 0.00E+00 3.91E+00 2.98E+00 6.89E+00

LEAD 7.34E+03 4.43E+02 4.71E+00 4.19E-01 5.19E+01 3.64E+00

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

5.53E+01 1.60E+01 0.00E+00 1.52E+00 2.68E-01 1.79E+00 0.00E+00 4.39E-01 2.39E-02 4.63E-01

MAGNESIUM 4.78E+04 1.04E+04 3.22E+02 6.01E+01 4.41E+03 9.57E+02 1.06E-03 5.07E+01 1.10E+01 0.00E+00 1.39E+00 1.84E+01 1.97E+01 0.00E+00 3.03E-01 3.42E+00 3.73E+00
MANGANESE 3.83E+03 7.13E+02 2.89E+01 4.65E+00 1.10E+02 2.04E+01 5.87E-02 2.25E+02 4.18E+01 0.00E+00 6.18E+00 1.65E+00 7.83E+00 0.00E+00 1.15E+00 2.65E-01 1.42E+00
MERCURY 3.79E+01 1.33E+00 2.03E-02 3.40E-03 4.77E-01 4.59E-02 1.92E-01 7.28E+00 2.56E-01 0.00E+00 2.00E-01 1.16E-03 2.01E-01 0.00E+00 7.04E-03 1.94E-04 7.24E-03

NICKEL 1.24E+03 1.05E+02 2.16E-01 3.54E-02 1.00E+01 9.90E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

2.16E+01 6.83E+00 0.00E+00 5.93E-01 1.23E-02 6.06E-01 0.00E+00 1.88E-01 2.02E-03 1.90E-01

POTASSIUM 4.05E+04 3.31E+03 5.97E+01 7.22E+00 3.71E+03 3.04E+02 4.24E-03 1.72E+02 1.40E+01 0.00E+00 4.72E+00 3.40E+00 8.13E+00 0.00E+00 3.86E-01 4.12E-01 7.97E-01

SELENIUM 6.19E+01 6.65E+00 1.50E-02 7.16E-03 4.51E+00 3.94E-01

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

3.12E+00 1.35E+00 0.00E+00 8.57E-02 8.55E-04 8.66E-02 0.00E+00 3.70E-02 4.08E-04 3.74E-02

SILVER 3.97E+02 8.49E+00 2.29E-02 6.01E-03 1.61E+01 3.45E-01 5.01E-01 1.99E+02 4.25E+00 0.00E+00 5.47E+00 1.31E-03 5.47E+00 0.00E+00 1.17E-01 3.42E-04 1.17E-01
SODIUM 4.29E+04 2.36E+03 7.10E+01 4.55E+01 5.63E+02 3.60E+01 1.17E-02 5.02E+02 2.77E+01 0.00E+00 1.38E+01 4.05E+00 1.79E+01 0.00E+00 7.61E-01 2.59E+00 3.36E+00
THALLIUM 9.20E+00 2.47E+00 1.70E-03 6.07E-04 6.35E-02 1.71E-02 1.23E-01 1.13E+00 3.04E-01 0.00E+00 3.11E-02 9.69E-05 3.12E-02 0.00E+00 8.35E-03 3.46E-05 8.39E-03
VANADIUM 1.66E+02 4.58E+01 2.05E-01 2.70E-02 1.19E+00 3.24E-01 1.79E-01 2.97E+01 8.20E+00 0.00E+00 8.17E-01 1.17E-02 8.29E-01 0.00E+00 2.25E-01 1.54E-03 2.27E-01

ZINC 5.89E+04 1.74E+03 1.68E+02 9.44E+00 5.88E+02 3.84E+01

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.97E+02 1.52E+02 0.00E+00 5.41E+00 9.58E+00 1.50E+01 0.00E+00 4.17E+00 5.38E-01 4.71E+00

PAHS

ACENAPHTHENE 8.00E-02 3.27E-01 -- -- 1.95E-03 7.98E-03 4.37E-05 3.50E-06 1.43E-05 0.00E+00 9.61E-08 0.00E+00 9.61E-08 0.00E+00 3.93E-07 0.00E+00 3.93E-07
ANTHRACENE 1.80E-01 3.33E-01 -- -- 1.60E-01 2.25E-01 1.54E-04 2.77E-05 5.12E-05 0.00E+00 7.62E-07 0.00E+00 7.62E-07 0.00E+00 1.41E-06 0.00E+00 1.41E-06
BENZO(A)ANTHRACENE 7.10E-01 3.62E-01 -- -- 5.89E-03 3.00E-03 2.77E-03 1.97E-03 1.00E-03 0.00E+00 5.41E-05 0.00E+00 5.41E-05 0.00E+00 2.76E-05 0.00E+00 2.76E-05
BENZO(A)PYRENE 5.40E-01 3.53E-01 -- -- 4.16E-03 2.72E-03 5.73E-03 3.09E-03 2.02E-03 0.00E+00 8.51E-05 0.00E+00 8.51E-05 0.00E+00 5.56E-05 0.00E+00 5.56E-05
BENZO(B)FLUORANTHENE 7.20E-01 3.63E-01 -- -- 5.40E-03 2.72E-03 8.27E-03 5.95E-03 3.00E-03 0.00E+00 1.64E-04 0.00E+00 1.64E-04 0.00E+00 8.25E-05 0.00E+00 8.25E-05
BENZO(G,H,I)PERYLENE 1.60E-01 3.32E-01 -- -- 1.13E-03 2.34E-03 2.45E-02 3.92E-03 8.13E-03 0.00E+00 1.08E-04 0.00E+00 1.08E-04 0.00E+00 2.23E-04 0.00E+00 2.23E-04
BENZO(K)FLUORANTHENE 4.50E-01 3.48E-01 -- -- 3.37E-03 2.61E-03 8.27E-03 3.72E-03 2.88E-03 0.00E+00 1.02E-04 0.00E+00 1.02E-04 0.00E+00 7.91E-05 0.00E+00 7.91E-05
CARBAZOLE 1.00E-01 3.28E-01 -- -- 2.98E-03 9.80E-03 2.72E-05 2.72E-06 8.93E-06 0.00E+00 7.48E-08 0.00E+00 7.48E-08 0.00E+00 2.46E-07 0.00E+00 2.46E-07
CHRYSENE 7.20E-01 3.63E-01 -- -- 5.97E-03 3.01E-03 2.77E-03 1.99E-03 1.00E-03 0.00E+00 5.48E-05 0.00E+00 5.48E-05 0.00E+00 2.76E-05 0.00E+00 2.76E-05
DIBENZO(A,H)ANTHRACENE 1.10E-01 3.29E-01 -- -- 7.83E-04 2.34E-03 2.02E-02 2.22E-03 6.64E-03 0.00E+00 6.11E-05 0.00E+00 6.11E-05 0.00E+00 1.83E-04 0.00E+00 1.83E-04
FLUORANTHENE 1.30E+00 3.95E-01 -- -- 1.44E-02 4.37E-03 5.07E-04 6.59E-04 2.00E-04 0.00E+00 1.81E-05 0.00E+00 1.81E-05 0.00E+00 5.51E-06 0.00E+00 5.51E-06
INDENO(1,2,3-CD)PYRENE 5.00E-01 3.51E-01 -- -- 3.53E-03 2.47E-03 2.47E-02 1.24E-02 8.66E-03 0.00E+00 3.40E-04 0.00E+00 3.40E-04 0.00E+00 2.38E-04 0.00E+00 2.38E-04
PHENANTHRENE 7.00E-01 3.62E-01 -- -- 1.07E-02 5.50E-03 1.58E-04 1.11E-04 5.71E-05 0.00E+00 3.04E-06 0.00E+00 3.04E-06 0.00E+00 1.57E-06 0.00E+00 1.57E-06

PYRENE 1.10E+00 3.84E-01 -- -- 1.27E-02 4.42E-03 4.29E-04 4.72E-04 1.65E-04 0.00E+00 1.30E-05 0.00E+00 1.30E-05 0.00E+00 4.53E-06 0.00E+00 4.53E-06

TOTAL HMW PAH 4.98E+00 4.98E+00 -- -- 4.29E-02 2.56E-02 0.00E+00 0.00E+00 0.00E+00 9.82E-04 0.00E+00 9.82E-04 0.00E+00 9.21E-04 0.00E+00 9.21E-04
TOTAL LMW PAH 2.18E+00 2.18E+00 -- -- 1.90E-01 2.53E-01 0.00E+00 0.00E+00 0.00E+00 2.21E-05 0.00E+00 2.21E-05 0.00E+00 9.13E-06 0.00E+00 9.13E-06

PCBS

AROCLOR-1248 9.30E-01 2.62E-01 -- -- 6.75E-03 1.90E-03 1.38E-02 1.28E-02 3.61E-03 0.00E+00 3.53E-04 0.00E+00 3.53E-04 0.00E+00 9.93E-05 0.00E+00 9.93E-05
AROCLOR-1254 7.60E-02 4.80E-02 -- -- 5.52E-04 3.48E-04 1.38E-02 1.05E-03 6.62E-04 0.00E+00 2.88E-05 0.00E+00 2.88E-05 0.00E+00 1.82E-05 0.00E+00 1.82E-05
AROCLOR-1260 3.00E-02 3.40E-02 -- -- 2.05E-04 2.33E-04 6.33E-02 1.90E-03 2.15E-03 0.00E+00 5.22E-05 0.00E+00 5.22E-05 0.00E+00 5.92E-05 0.00E+00 5.92E-05
Total PCBS 9.60E-01 5.31E-01 -- -- 6.34E-03 3.50E-03 1.36E+00 1.31E+00 7.22E-01 0.00E+00 3.59E-02 0.00E+00 3.59E-02 0.00E+00 1.99E-02 0.00E+00 1.99E-02

PESTICIDES

4,4'-DDE 9.70E-03 5.38E-03 -- -- 7.44E-05 4.12E-05 2.95E-03 2.86E-05 1.59E-05 0.00E+00 7.87E-07 0.00E+00 7.87E-07 0.00E+00 4.36E-07 0.00E+00 4.36E-07
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Table H-13
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)

Dose to Small Mammal
(mg/kg bw-day) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

4,4'-DDT 2.40E-03 3.55E-03 -- -- 1.66E-05 2.46E-05 1.45E-02 3.48E-05 5.15E-05 0.00E+00 9.57E-07 0.00E+00 9.57E-07 0.00E+00 1.42E-06 0.00E+00 1.42E-06
Total DDTr 1.21E-02 1.21E-02 -- -- 9.28E-05 9.28E-05 6.33E-02 7.66E-04 7.66E-04 0.00E+00 2.11E-05 0.00E+00 2.11E-05 0.00E+00 2.11E-05 0.00E+00 2.11E-05
DELTA-BHC 1.70E-02 5.75E-03 -- -- 3.04E-04 1.03E-04 7.38E-05 1.25E-06 4.24E-07 0.00E+00 3.45E-08 0.00E+00 3.45E-08 0.00E+00 1.17E-08 0.00E+00 1.17E-08
DIELDRIN 2.30E-03 3.53E-03 -- -- 2.04E-05 3.13E-05 1.96E-04 4.51E-07 6.91E-07 0.00E+00 1.24E-08 0.00E+00 1.24E-08 0.00E+00 1.90E-08 0.00E+00 1.90E-08
ENDOSULFAN I 2.00E-03 2.00E-03 -- -- 7.55E-05 7.55E-05 3.53E-05 7.06E-08 7.06E-08 0.00E+00 1.94E-09 0.00E+00 1.94E-09 0.00E+00 1.94E-09 0.00E+00 1.94E-09
HEPTACHLOR 7.30E-03 3.33E-03 -- -- 5.76E-05 2.63E-05 1.01E-04 7.37E-07 3.36E-07 0.00E+00 2.03E-08 0.00E+00 2.03E-08 0.00E+00 9.24E-09 0.00E+00 9.24E-09
HEPTACHLOR EPOXIDE 2.50E-02 7.75E-03 -- -- 3.54E-04 1.10E-04 1.48E-03 3.70E-05 1.15E-05 0.00E+00 1.02E-06 0.00E+00 1.02E-06 0.00E+00 3.15E-07 0.00E+00 3.15E-07

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.30E-01 2.26E-01 -- -- 3.37E-03 2.30E-03 7.41E-04 2.45E-04 1.67E-04 0.00E+00 6.72E-06 0.00E+00 6.72E-06 0.00E+00 4.60E-06 0.00E+00 4.60E-06
DI-N-BUTYLPHTHALATE 6.50E-02 3.16E-01 -- -- 8.89E-04 4.32E-03 2.93E-04 1.90E-05 9.27E-05 0.00E+00 5.24E-07 0.00E+00 5.24E-07 0.00E+00 2.55E-06 0.00E+00 2.55E-06

VOLATILES

ACETOPHENONE 1.70E-01 2.44E-01 -- -- 6.17E-02 8.85E-02 1.00E+00 1.70E-01 2.44E-01 0.00E+00 4.68E-03 0.00E+00 4.68E-03 0.00E+00 6.70E-03 0.00E+00 6.70E-03
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Table H-14
Wildlife Exposure Modeling of Doses to Piscivorous Birds (Great Blue Heron) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 4.19E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 4.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 4.50E-02 L/kg-day

Maximum Mean Maximum Mean
BAF/Equation

(mg/L dry wt. to
mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/L to mg/kg dry

wt.)

Mean Food Item
Tissue

Concentration
(mg/L dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

1,2,3,4,6,7,8-HPCDD 1.90E-05 8.00E-06 -- -- 3.44E+03 0.00E+00 0.00E+00 7.95E-08 0.00E+00 0.00E+00 7.95E-08 3.35E-08 0.00E+00 0.00E+00 3.35E-08
1,2,3,4,6,7,8-HPCDF 4.50E-06 2.23E-06 -- -- 4.71E+03 0.00E+00 0.00E+00 1.88E-08 0.00E+00 0.00E+00 1.88E-08 9.35E-09 0.00E+00 0.00E+00 9.35E-09
1,2,3,4,7,8,9-HPCDF -- -- -- -- 4.71E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,4,7,8-HXCDD -- -- -- -- 5.40E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,4,7,8-HXCDF -- -- -- -- 4.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,6,7,8-HXCDD -- -- -- -- 3.40E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,6,7,8-HXCDF -- -- -- -- 4.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,7,8,9-HXCDD -- -- -- -- 3.40E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,7,8,9-HXCDF -- -- -- -- 6.90E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,7,8-PECDD -- -- -- -- 1.12E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1,2,3,7,8-PECDF -- -- -- -- 1.40E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2,3,4,6,7,8-HXCDF -- -- -- -- 4.73E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2,3,4,7,8-PECDF -- -- -- -- 1.40E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2,3,7,8-TCDD -- -- -- -- 1.42E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2,3,7,8-TCDF -- -- -- -- 9.45E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
OCDD 3.90E-04 1.70E-04 -- -- 3.44E+03 0.00E+00 0.00E+00 1.63E-06 0.00E+00 0.00E+00 1.63E-06 7.12E-07 0.00E+00 0.00E+00 7.12E-07
OCDF 1.10E-05 4.50E-06 -- -- 2.19E+03 0.00E+00 0.00E+00 4.60E-08 0.00E+00 0.00E+00 4.60E-08 1.88E-08 0.00E+00 0.00E+00 1.88E-08
TOTAL HPCDD 4.70E-05 1.91E-05 -- -- 1.97E-07 0.00E+00 0.00E+00 1.97E-07 7.98E-08 0.00E+00 0.00E+00 7.98E-08
TOTAL HPCDF 7.70E-06 3.12E-06 -- -- 3.22E-08 0.00E+00 0.00E+00 3.22E-08 1.31E-08 0.00E+00 0.00E+00 1.31E-08
TOTAL HXCDD 3.10E-06 1.47E-06 -- -- 1.30E-08 0.00E+00 0.00E+00 1.30E-08 6.15E-09 0.00E+00 0.00E+00 6.15E-09
TOTAL TCDF 7.20E-07 5.92E-07 -- -- 3.01E-09 0.00E+00 0.00E+00 3.01E-09 2.48E-09 0.00E+00 0.00E+00 2.48E-09
WHOTEQ 2.73E-07 1.69E-07 -- -- 1.42E+04 0.00E+00 0.00E+00 1.14E-09 0.00E+00 0.00E+00 1.14E-09 7.08E-10 0.00E+00 0.00E+00 7.08E-10

INORGANICS

CHLORIDE 1.60E+03 -1.00E+04 5.90E-02 4.30E-02 1.00E+00 5.90E-02 4.30E-02 6.70E+00 2.66E-03 2.66E-03 6.70E+00 -4.18E+01 1.94E-03 1.94E-03 -4.18E+01
CYANIDE (TOTAL) 1.20E+00 4.61E-01 8.30E-03 4.48E-03 6.33E+02 5.25E+00 2.84E+00 5.02E-03 2.36E-01 3.74E-04 2.42E-01 1.93E-03 1.28E-01 2.02E-04 1.30E-01
NITRATE AS N 2.00E+02 1.01E+02 9.40E-03 5.97E-03 1.00E+00 9.40E-03 5.97E-03 8.37E-01 4.23E-04 4.23E-04 8.38E-01 4.23E-01 2.68E-04 2.68E-04 4.23E-01
NITRITE AS N -- -- 6.00E-05 1.70E-04 1.00E+00 6.00E-05 1.70E-04 0.00E+00 2.70E-06 2.70E-06 5.40E-06 0.00E+00 7.65E-06 7.65E-06 1.53E-05
SULFATE 7.40E+04 1.67E+04 2.10E+00 8.39E-01 1.00E+00 2.10E+00 8.39E-01 3.10E+02 9.45E-02 9.45E-02 3.10E+02 7.01E+01 3.78E-02 3.78E-02 7.01E+01

Food Item (Fish) Uptake Maximum Case Scenario Doses Mean Case Scenario Doses

Chemical

Sediment
Concentration (mg/kg

dry wt.)

Water Concentration
(mg/L)
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Table H-14
Wildlife Exposure Modeling of Doses to Piscivorous Birds (Great Blue Heron) from Media

for the East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 4.19E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 4.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 4.50E-02 L/kg-day

Maximum Mean Maximum Mean
BAF/Equation

(mg/L dry wt. to
mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/L to mg/kg dry

wt.)

Mean Food Item
Tissue

Concentration
(mg/L dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Food Item (Fish) Uptake Maximum Case Scenario Doses Mean Case Scenario Doses

Chemical

Sediment
Concentration (mg/kg

dry wt.)

Water Concentration
(mg/L)

METALS

ALUMINUM 1.98E+05 2.36E+04 4.14E+02 2.33E+01 2.70E+00 1.12E+03 6.30E+01 8.29E+02 5.03E+01 1.86E+01 8.98E+02 9.88E+01 2.83E+00 1.05E+00 1.03E+02
ANTIMONY 3.10E+01 6.48E+00 8.40E-03 4.00E-03 1.00E+00 8.40E-03 4.00E-03 1.30E-01 3.78E-04 3.78E-04 1.30E-01 2.71E-02 1.80E-04 1.80E-04 2.75E-02
ARSENIC 2.32E+03 3.48E+02 1.11E+00 9.32E-02 4.00E+00 4.44E+00 3.73E-01 9.71E+00 2.00E-01 5.00E-02 9.96E+00 1.46E+00 1.68E-02 4.19E-03 1.48E+00
BARIUM 7.56E+02 1.56E+02 3.70E+00 2.52E-01 4.00E+00 1.48E+01 1.01E+00 3.16E+00 6.66E-01 1.67E-01 4.00E+00 6.52E-01 4.54E-02 1.13E-02 7.08E-01
BERYLLIUM 2.81E+01 2.77E+00 1.52E-02 2.23E-03 6.20E+01 9.42E-01 1.38E-01 1.18E-01 4.24E-02 6.84E-04 1.61E-01 1.16E-02 6.22E-03 1.00E-04 1.79E-02
BROMIDE -- -- 3.60E-04 2.56E-04 1.00E+00 3.60E-04 2.56E-04 0.00E+00 1.62E-05 1.62E-05 3.24E-05 0.00E+00 1.15E-05 1.15E-05 2.30E-05
CADMIUM 3.18E+01 4.97E+00 3.18E-01 3.22E-02 5.90E+01 1.88E+01 1.90E+00 1.33E-01 8.44E-01 1.43E-02 9.92E-01 2.08E-02 8.55E-02 1.45E-03 1.08E-01
CALCIUM 5.34E+04 1.21E+04 6.61E+02 2.12E+02 1.00E+00 6.61E+02 2.12E+02 2.23E+02 2.97E+01 2.97E+01 2.83E+02 5.06E+01 9.56E+00 9.56E+00 6.98E+01
CHROMIUM 4.33E+02 4.31E+01 9.70E-02 1.26E-02 2.00E+02 1.94E+01 2.52E+00 1.81E+00 8.73E-01 4.37E-03 2.69E+00 1.80E-01 1.13E-01 5.67E-04 2.94E-01
COBALT 3.55E+01 1.42E+01 4.16E-01 5.18E-02 1.00E+00 4.16E-01 5.18E-02 1.49E-01 1.87E-02 1.87E-02 1.86E-01 5.96E-02 2.33E-03 2.33E-03 6.42E-02
COPPER 6.96E+03 1.03E+03 1.47E+01 7.55E-01 4.64E+02 6.82E+03 3.50E+02 2.91E+01 3.07E+02 6.62E-01 3.37E+02 4.29E+00 1.58E+01 3.40E-02 2.01E+01
FLUORIDE -- -- 5.70E-04 4.26E-04 1.00E+00 5.70E-04 4.26E-04 0.00E+00 2.57E-05 2.57E-05 5.13E-05 0.00E+00 1.92E-05 1.92E-05 3.83E-05
IRON 4.56E+05 4.64E+04 5.94E+02 5.23E+01 1.00E+00 5.94E+02 5.23E+01 1.91E+03 2.67E+01 2.67E+01 1.96E+03 1.94E+02 2.36E+00 2.36E+00 1.99E+02
LEAD 2.46E+03 4.31E+02 4.71E+00 4.19E-01 4.50E+01 2.12E+02 1.88E+01 1.03E+01 9.54E+00 2.12E-01 2.00E+01 1.80E+00 8.48E-01 1.88E-02 2.67E+00
MAGNESIUM 3.22E+04 7.36E+03 3.22E+02 6.01E+01 1.00E+00 3.22E+02 6.01E+01 1.35E+02 1.45E+01 1.45E+01 1.64E+02 3.08E+01 2.70E+00 2.70E+00 3.62E+01
MANGANESE 2.06E+03 5.26E+02 2.89E+01 4.65E+00 4.00E+02 1.16E+04 1.86E+03 8.62E+00 5.20E+02 1.30E+00 5.30E+02 2.20E+00 8.38E+01 2.09E-01 8.62E+01
MERCURY 1.95E+01 2.16E+00 2.03E-02 3.40E-03 1.80E+03 3.65E+01 6.12E+00 8.16E-02 1.64E+00 9.14E-04 1.73E+00 9.04E-03 2.76E-01 1.53E-04 2.85E-01
NICKEL 2.56E+02 3.33E+01 2.16E-01 3.54E-02 2.70E+01 5.83E+00 9.56E-01 1.07E+00 2.62E-01 9.72E-03 1.34E+00 1.39E-01 4.30E-02 1.59E-03 1.84E-01
POTASSIUM 1.46E+04 2.47E+03 5.97E+01 7.22E+00 1.00E+00 5.97E+01 7.22E+00 6.11E+01 2.69E+00 2.69E+00 6.65E+01 1.03E+01 3.25E-01 3.25E-01 1.10E+01
SELENIUM 3.10E+01 7.53E+00 1.50E-02 7.16E-03 2.42E+02 3.63E+00 1.73E+00 1.30E-01 1.63E-01 6.75E-04 2.94E-01 3.15E-02 7.80E-02 3.22E-04 1.10E-01
SILVER 2.02E+01 4.94E+00 2.29E-02 6.01E-03 8.77E+01 2.01E+00 5.27E-01 8.45E-02 9.04E-02 1.03E-03 1.76E-01 2.07E-02 2.37E-02 2.70E-04 4.47E-02
SODIUM 1.62E+04 9.01E+02 7.10E+01 4.55E+01 1.00E+00 7.10E+01 4.55E+01 6.78E+01 3.20E+00 3.20E+00 7.42E+01 3.77E+00 2.05E+00 2.05E+00 7.87E+00
THALLIUM 6.80E+00 3.12E+00 1.70E-03 6.07E-04 1.00E+03 1.70E+00 6.07E-01 2.85E-02 7.65E-02 7.65E-05 1.05E-01 1.30E-02 2.73E-02 2.73E-05 4.04E-02
VANADIUM 7.24E+01 4.06E+01 2.05E-01 2.70E-02 1.00E+00 2.05E-01 2.70E-02 3.03E-01 9.23E-03 9.23E-03 3.21E-01 1.70E-01 1.21E-03 1.21E-03 1.72E-01
ZINC 6.32E+03 1.53E+03 1.68E+02 9.44E+00 1.30E+01 2.18E+03 1.23E+02 2.64E+01 9.83E+01 7.56E+00 1.32E+02 6.41E+00 5.52E+00 4.25E-01 1.24E+01

VOLATILES

ACETOPHENONE 1.70E-01 8.86E-01 -- -- 0.00E+00 0.00E+00 0.00E+00 7.11E-04 0.00E+00 0.00E+00 7.11E-04 3.71E-03 0.00E+00 0.00E+00 3.71E-03
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Table H-15
Wildlife Exposure Modeling of Doses to Piscivorous Birds (Great Blue Heron) from Media

for the Agua Fria Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 4.19E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 4.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 4.50E-02 L/kg-day

Maximum Mean Maximum Mean
BAF/Equation

(mg/L dry wt. to
mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/L to mg/kg dry

wt.)

Mean Food Item
Tissue

Concentration
(mg/L dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS
CHLORIDE 1.60E+01 -- 5.90E-02 -- 1.00E+00 5.90E-02 0.00E+00 6.70E-02 2.66E-03 2.66E-03 7.23E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 2.50E-01 1.48E-01 8.30E-03 6.68E-03 6.33E+02 5.25E+00 4.23E+00 1.05E-03 2.36E-01 3.74E-04 2.38E-01 6.19E-04 1.90E-01 3.01E-04 1.91E-01
NITRATE AS N 6.60E+00 2.48E+00 9.40E-03 -- 1.00E+00 9.40E-03 0.00E+00 2.76E-02 4.23E-04 4.23E-04 2.85E-02 1.04E-02 0.00E+00 0.00E+00 1.04E-02
NITRITE AS N -- -- 6.00E-05 -- 1.00E+00 6.00E-05 0.00E+00 0.00E+00 2.70E-06 2.70E-06 5.40E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SULFATE 2.20E+02 4.84E+01 9.60E-02 -- 1.00E+00 9.60E-02 0.00E+00 9.21E-01 4.32E-03 4.32E-03 9.29E-01 2.03E-01 0.00E+00 0.00E+00 2.03E-01

METALS

ALUMINUM 1.10E+05 1.68E+04 1.21E+01 1.45E+00 2.70E+00 3.27E+01 3.92E+00 4.60E+02 1.47E+00 5.45E-01 4.62E+02 7.03E+01 1.76E-01 6.53E-02 7.06E+01
ANTIMONY 3.25E+01 5.18E+00 -- -- 1.00E+00 0.00E+00 0.00E+00 1.36E-01 0.00E+00 0.00E+00 1.36E-01 2.17E-02 0.00E+00 0.00E+00 2.17E-02
ARSENIC 1.51E+03 1.02E+02 1.24E-02 6.27E-03 4.00E+00 4.96E-02 2.51E-02 6.32E+00 2.23E-03 5.58E-04 6.32E+00 4.26E-01 1.13E-03 2.82E-04 4.27E-01
BARIUM 3.06E+02 1.15E+02 2.87E-01 1.18E-01 4.00E+00 1.15E+00 4.72E-01 1.28E+00 5.17E-02 1.29E-02 1.35E+00 4.83E-01 2.12E-02 5.31E-03 5.09E-01
BERYLLIUM 5.70E+00 8.52E-01 6.60E-05 5.13E-05 6.20E+01 4.09E-03 3.18E-03 2.39E-02 1.84E-04 2.97E-06 2.40E-02 3.57E-03 1.43E-04 2.31E-06 3.71E-03
BROMIDE -- -- 1.90E-01 1.80E-01 1.00E+00 1.90E-01 1.80E-01 0.00E+00 8.55E-03 8.55E-03 1.71E-02 0.00E+00 8.10E-03 8.10E-03 1.62E-02
CADMIUM 1.27E+01 3.91E+00 2.50E-03 7.38E-04 5.90E+01 1.48E-01 4.35E-02 5.31E-02 6.64E-03 1.13E-04 5.99E-02 1.64E-02 1.96E-03 3.32E-05 1.84E-02
CALCIUM 5.47E+04 1.58E+04 9.24E+01 7.30E+01 1.00E+00 9.24E+01 7.30E+01 2.29E+02 4.16E+00 4.16E+00 2.37E+02 6.61E+01 3.28E+00 3.28E+00 7.27E+01
CHROMIUM 1.16E+03 7.29E+01 1.49E-02 3.71E-03 2.00E+02 2.98E+00 7.42E-01 4.85E+00 1.34E-01 6.71E-04 4.99E+00 3.05E-01 3.34E-02 1.67E-04 3.39E-01
COBALT 2.81E+01 1.18E+01 5.70E-03 2.32E-03 1.00E+00 5.70E-03 2.32E-03 1.18E-01 2.57E-04 2.57E-04 1.18E-01 4.95E-02 1.05E-04 1.05E-04 4.97E-02
COPPER 8.03E+03 5.93E+02 1.54E-01 2.26E-02 4.64E+02 7.15E+01 1.05E+01 3.36E+01 3.22E+00 6.93E-03 3.68E+01 2.48E+00 4.72E-01 1.02E-03 2.95E+00
FLUORIDE -- -- 3.20E-04 -- 1.00E+00 3.20E-04 0.00E+00 0.00E+00 1.44E-05 1.44E-05 2.88E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IRON 5.61E+04 2.12E+04 1.16E+01 1.44E+00 1.00E+00 1.16E+01 1.44E+00 2.35E+02 5.22E-01 5.22E-01 2.36E+02 8.85E+01 6.46E-02 6.46E-02 8.87E+01
LEAD 7.34E+03 3.90E+02 8.80E-03 2.76E-03 4.50E+01 3.96E-01 1.24E-01 3.07E+01 1.78E-02 3.96E-04 3.07E+01 1.63E+00 5.59E-03 1.24E-04 1.64E+00
MAGNESIUM 1.38E+04 5.44E+03 2.08E+01 1.77E+01 1.00E+00 2.08E+01 1.77E+01 5.78E+01 9.36E-01 9.36E-01 5.96E+01 2.27E+01 7.95E-01 7.95E-01 2.43E+01
MANGANESE 2.03E+03 5.37E+02 2.95E-01 8.97E-02 4.00E+02 1.18E+02 3.59E+01 8.50E+00 5.31E+00 1.33E-02 1.38E+01 2.25E+00 1.62E+00 4.04E-03 3.87E+00
MERCURY 3.79E+01 5.90E+00 1.30E-04 1.01E-04 1.80E+03 2.34E-01 1.82E-01 1.59E-01 1.05E-02 5.85E-06 1.69E-01 2.47E-02 8.18E-03 4.55E-06 3.29E-02
NICKEL 8.77E+02 6.29E+01 2.35E-02 1.05E-02 2.70E+01 6.35E-01 2.83E-01 3.67E+00 2.86E-02 1.06E-03 3.70E+00 2.63E-01 1.27E-02 4.72E-04 2.76E-01
POTASSIUM 3.32E+03 1.68E+03 9.39E+00 4.73E+00 1.00E+00 9.39E+00 4.73E+00 1.39E+01 4.23E-01 4.23E-01 1.47E+01 7.02E+00 2.13E-01 2.13E-01 7.44E+00
SELENIUM 6.19E+01 1.03E+01 1.50E-03 1.30E-03 2.42E+02 3.63E-01 3.15E-01 2.59E-01 1.63E-02 6.75E-05 2.75E-01 4.29E-02 1.42E-02 5.85E-05 5.72E-02
SILVER 3.58E+01 9.85E+00 -- -- 8.77E+01 0.00E+00 0.00E+00 1.50E-01 0.00E+00 0.00E+00 1.50E-01 4.12E-02 0.00E+00 0.00E+00 4.12E-02
SODIUM 1.38E+03 3.19E+02 7.08E+01 5.76E+01 1.00E+00 7.08E+01 5.76E+01 5.78E+00 3.19E+00 3.19E+00 1.21E+01 1.33E+00 2.59E+00 2.59E+00 6.52E+00
THALLIUM 4.90E+00 3.20E+00 8.80E-06 1.06E-03 1.00E+03 8.80E-03 1.06E+00 2.05E-02 3.96E-04 3.96E-07 2.09E-02 1.34E-02 4.77E-02 4.77E-05 6.11E-02
VANADIUM 8.52E+01 4.15E+01 2.72E-02 1.08E-02 1.00E+00 2.72E-02 1.08E-02 3.57E-01 1.22E-03 1.22E-03 3.59E-01 1.74E-01 4.84E-04 4.84E-04 1.74E-01
ZINC 4.13E+03 6.06E+02 7.38E-01 1.22E-01 1.30E+01 9.59E+00 1.59E+00 1.73E+01 4.32E-01 3.32E-02 1.77E+01 2.53E+00 7.15E-02 5.50E-03 2.61E+00

VOLATILES

ACETOPHENONE 3.90E-01 2.26E-01 -- -- 1.33E+00 0.00E+00 0.00E+00 1.63E-03 0.00E+00 0.00E+00 1.63E-03 9.44E-04 0.00E+00 0.00E+00 9.44E-04

Food Item (Fish) Uptake Maximum Case Scenario Doses Mean Case Scenario Doses

Chemical

Sediment
Concentration (mg/kg

dry wt.)

Water Concentration
(mg/L)
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Table H-16
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE -- -- -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.30E-01 4.30E-01 -- -- 8.00E-02 5.04E-02 3.44E-02 4.12E-03 4.28E-03 0.00E+00 8.41E-03 2.81E-03 2.92E-03 0.00E+00 5.74E-03
NITRATE AS N 9.80E+00 3.65E+00 -- -- 1.00E+00 9.80E+00 3.65E+00 6.41E-02 8.33E-01 0.00E+00 8.97E-01 2.39E-02 3.10E-01 0.00E+00 3.34E-01
SULFATE 1.00E+02 3.09E+01 -- -- 1.00E+00 1.00E+02 3.09E+01 6.55E-01 8.50E+00 0.00E+00 9.15E+00 2.02E-01 2.63E+00 0.00E+00 2.83E+00

METALS

ALUMINUM 4.80E+04 1.69E+04 -- -- 4.00E-03 1.92E+02 6.75E+01 3.14E+02 1.63E+01 0.00E+00 3.30E+02 1.10E+02 5.74E+00 0.00E+00 1.16E+02
ANTIMONY 4.30E+00 2.10E+00 -- -- 2.00E-01 8.60E-01 4.20E-01 2.81E-02 7.31E-02 0.00E+00 1.01E-01 1.38E-02 3.57E-02 0.00E+00 4.95E-02

ARSENIC 1.51E+02 4.06E+01 -- --
ln(dry plant conc, mg/kg) =

(-1.992+0.564*ln(soil

conc))

2.31E+00 1.10E+00 9.88E-01 1.96E-01 0.00E+00 1.18E+00 2.65E-01 9.36E-02 0.00E+00 3.59E-01

BARIUM 1.95E+03 2.12E+02 -- -- 1.50E-01 2.93E+02 3.18E+01 1.28E+01 2.49E+01 0.00E+00 3.76E+01 1.39E+00 2.70E+00 0.00E+00 4.09E+00
BERYLLIUM 1.70E+00 5.71E-01 -- -- 1.00E-02 1.70E-02 5.71E-03 1.11E-02 1.45E-03 0.00E+00 1.26E-02 3.74E-03 4.85E-04 0.00E+00 4.22E-03
BROMIDE 0.00E+00 0.00E+00 -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CADMIUM 3.20E+00 1.43E+00 -- --
ln(dry plant conc, mg/kg) =

(-0.476+0.546*ln(soil

conc))

1.17E+00 7.55E-01 2.09E-02 9.97E-02 0.00E+00 1.21E-01 9.35E-03 6.42E-02 0.00E+00 7.35E-02

CALCIUM 9.90E+04 1.04E+04 -- -- 3.50E+00 3.47E+05 3.65E+04 6.48E+02 2.95E+04 0.00E+00 3.01E+04 6.83E+01 3.11E+03 0.00E+00 3.17E+03
CHROMIUM 1.40E+02 2.04E+01 -- -- 7.50E-03 1.05E+00 1.53E-01 9.16E-01 8.93E-02 0.00E+00 1.01E+00 1.34E-01 1.30E-02 0.00E+00 1.47E-01
COBALT 3.12E+01 1.42E+01 -- -- 2.00E-02 6.24E-01 2.85E-01 2.04E-01 5.30E-02 0.00E+00 2.57E-01 9.31E-02 2.42E-02 0.00E+00 1.17E-01

COPPER 3.47E+02 5.59E+01 -- --
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
1.96E+01 1.96E+01 2.27E+00 1.66E+00 0.00E+00 3.93E+00 3.66E-01 1.66E+00 0.00E+00 2.03E+00

IRON 6.38E+04 3.24E+04 -- -- 4.00E-03 2.55E+02 1.29E+02 4.18E+02 2.17E+01 0.00E+00 4.39E+02 2.12E+02 1.10E+01 0.00E+00 2.23E+02

LEAD 3.36E+02 4.46E+01 -- --
ln(dry plant conc, mg/kg) =

(-1.328+0.561*ln(soil

conc))

6.93E+00 2.23E+00 2.20E+00 5.89E-01 0.00E+00 2.79E+00 2.92E-01 1.90E-01 0.00E+00 4.82E-01

MAGNESIUM 1.40E+04 7.49E+03 -- -- 1.00E+00 1.40E+04 7.49E+03 9.16E+01 1.19E+03 0.00E+00 1.28E+03 4.90E+01 6.36E+02 0.00E+00 6.85E+02
MANGANESE 1.65E+03 7.38E+02 -- -- 2.50E-01 4.13E+02 1.85E+02 1.08E+01 3.51E+01 0.00E+00 4.59E+01 4.83E+00 1.57E+01 0.00E+00 2.05E+01

MERCURY 5.60E-01 1.71E-01 -- --
ln(dry plant conc, mg/kg) =

(-0.996+0.544*ln(soil

conc))

2.69E-01 1.41E-01 3.67E-03 2.29E-02 0.00E+00 2.66E-02 1.12E-03 1.20E-02 0.00E+00 1.31E-02

NICKEL 1.50E+02 2.15E+01 -- --
ln(dry plant conc, mg/kg) =

(-2.224+0.748*ln(soil

conc))

4.59E+00 1.07E+00 9.82E-01 3.90E-01 0.00E+00 1.37E+00 1.41E-01 9.12E-02 0.00E+00 2.32E-01

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake
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Table H-16
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake

POTASSIUM 6.09E+03 2.33E+03 -- -- 1.00E+00 6.09E+03 2.33E+03 3.99E+01 5.18E+02 0.00E+00 5.58E+02 1.52E+01 1.98E+02 0.00E+00 2.13E+02

SELENIUM 2.50E+00 9.79E-01 -- --
ln(dry plant conc, mg/kg) =

(-0.678+1.104*ln(soil

conc))

1.40E+00 4.96E-01 1.64E-02 1.19E-01 0.00E+00 1.35E-01 6.41E-03 4.21E-02 0.00E+00 4.86E-02

SILVER 2.20E+00 5.54E-01 -- -- 4.00E-01 8.80E-01 2.22E-01 1.44E-02 7.48E-02 0.00E+00 8.92E-02 3.63E-03 1.88E-02 0.00E+00 2.25E-02
SODIUM 7.10E+02 1.77E+02 -- -- 7.50E-02 5.33E+01 1.33E+01 4.65E+00 4.53E+00 0.00E+00 9.17E+00 1.16E+00 1.13E+00 0.00E+00 2.28E+00
THALLIUM 2.60E+00 1.46E+00 -- -- 4.00E-03 1.04E-02 5.85E-03 1.70E-02 8.84E-04 0.00E+00 1.79E-02 9.57E-03 4.97E-04 0.00E+00 1.01E-02
VANADIUM 1.10E+02 5.69E+01 -- -- 5.50E-03 6.05E-01 3.13E-01 7.20E-01 5.14E-02 0.00E+00 7.71E-01 3.73E-01 2.66E-02 0.00E+00 3.99E-01

ZINC 5.30E+02 1.77E+02 -- --
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.57E+02 8.54E+01 3.47E+00 1.33E+01 0.00E+00 1.68E+01 1.16E+00 7.26E+00 0.00E+00 8.41E+00

Page 2 of 2



Table H-17
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS
CHLORIDE -- -- -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.30E-01 4.30E-01 -- -- 8.00E-02 5.04E-02 3.44E-02 1.30E-02 1.06E-02 0.00E+00 2.37E-02 8.89E-03 7.26E-03 0.00E+00 1.61E-02
NITRATE AS N 9.80E+00 3.65E+00 -- -- 1.00E+00 9.80E+00 3.65E+00 2.03E-01 2.07E+00 0.00E+00 2.27E+00 7.55E-02 7.70E-01 0.00E+00 8.46E-01
SULFATE 1.00E+02 3.09E+01 -- -- 1.00E+00 1.00E+02 3.09E+01 2.07E+00 2.11E+01 0.00E+00 2.32E+01 6.40E-01 6.53E+00 0.00E+00 7.17E+00

METALS

ALUMINUM 4.80E+04 1.69E+04 -- -- 4.00E-03 1.92E+02 6.75E+01 9.93E+02 4.05E+01 0.00E+00 1.03E+03 3.49E+02 1.42E+01 0.00E+00 3.63E+02
ANTIMONY 4.30E+00 2.10E+00 -- -- 2.00E-01 8.60E-01 4.20E-01 8.89E-02 1.81E-01 0.00E+00 2.70E-01 4.35E-02 8.87E-02 0.00E+00 1.32E-01

ARSENIC 1.51E+02 4.06E+01 -- --
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
2.31E+00 1.10E+00 3.12E+00 4.88E-01 0.00E+00 3.61E+00 8.39E-01 2.32E-01 0.00E+00 1.07E+00

BARIUM 1.95E+03 2.12E+02 -- -- 1.50E-01 2.93E+02 3.18E+01 4.03E+01 6.17E+01 0.00E+00 1.02E+02 4.39E+00 6.71E+00 0.00E+00 1.11E+01
BERYLLIUM 1.70E+00 5.71E-01 -- -- 1.00E-02 1.70E-02 5.71E-03 3.52E-02 3.59E-03 0.00E+00 3.87E-02 1.18E-02 1.20E-03 0.00E+00 1.30E-02
BROMIDE 0.00E+00 0.00E+00 -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CADMIUM 3.20E+00 1.43E+00 -- --
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
1.17E+00 7.55E-01 6.62E-02 2.47E-01 0.00E+00 3.14E-01 2.95E-02 1.59E-01 0.00E+00 1.89E-01

CALCIUM 9.90E+04 1.04E+04 -- -- 3.50E+00 3.47E+05 3.65E+04 2.05E+03 7.31E+04 0.00E+00 7.52E+04 2.16E+02 7.71E+03 0.00E+00 7.93E+03
CHROMIUM 1.40E+02 2.04E+01 -- -- 7.50E-03 1.05E+00 1.53E-01 2.89E+00 2.22E-01 0.00E+00 3.12E+00 4.23E-01 3.23E-02 0.00E+00 4.55E-01
COBALT 3.12E+01 1.42E+01 -- -- 2.00E-02 6.24E-01 2.85E-01 6.45E-01 1.32E-01 0.00E+00 7.77E-01 2.94E-01 6.01E-02 0.00E+00 3.54E-01

COPPER 3.47E+02 5.59E+01 -- --
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
1.96E+01 1.96E+01 7.18E+00 4.13E+00 0.00E+00 1.13E+01 1.16E+00 4.13E+00 0.00E+00 5.28E+00

IRON 6.38E+04 3.24E+04 -- -- 4.00E-03 2.55E+02 1.29E+02 1.32E+03 5.38E+01 0.00E+00 1.37E+03 6.69E+02 2.73E+01 0.00E+00 6.96E+02

LEAD 3.36E+02 4.46E+01 -- --
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
6.93E+00 2.23E+00 6.95E+00 1.46E+00 0.00E+00 8.41E+00 9.23E-01 4.71E-01 0.00E+00 1.39E+00

MAGNESIUM 1.40E+04 7.49E+03 -- -- 1.00E+00 1.40E+04 7.49E+03 2.89E+02 2.95E+03 0.00E+00 3.24E+03 1.55E+02 1.58E+03 0.00E+00 1.73E+03
MANGANESE 1.65E+03 7.38E+02 -- -- 2.50E-01 4.13E+02 1.85E+02 3.41E+01 8.70E+01 0.00E+00 1.21E+02 1.53E+01 3.89E+01 0.00E+00 5.42E+01

MERCURY 5.60E-01 1.71E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
2.69E-01 1.41E-01 1.16E-02 5.69E-02 0.00E+00 6.84E-02 3.54E-03 2.98E-02 0.00E+00 3.34E-02

NICKEL 1.50E+02 2.15E+01 -- --
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
4.59E+00 1.07E+00 3.10E+00 9.69E-01 0.00E+00 4.07E+00 4.44E-01 2.26E-01 0.00E+00 6.71E-01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses
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Table H-17
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses

POTASSIUM 6.09E+03 2.33E+03 -- -- 1.00E+00 6.09E+03 2.33E+03 1.26E+02 1.28E+03 0.00E+00 1.41E+03 4.81E+01 4.91E+02 0.00E+00 5.39E+02

SELENIUM 2.50E+00 9.79E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
1.40E+00 4.96E-01 5.17E-02 2.95E-01 0.00E+00 3.46E-01 2.02E-02 1.05E-01 0.00E+00 1.25E-01

SILVER 2.20E+00 5.54E-01 -- -- 4.00E-01 8.80E-01 2.22E-01 4.55E-02 1.86E-01 0.00E+00 2.31E-01 1.15E-02 4.68E-02 0.00E+00 5.82E-02
SODIUM 7.10E+02 1.77E+02 -- -- 7.50E-02 5.33E+01 1.33E+01 1.47E+01 1.12E+01 0.00E+00 2.59E+01 3.65E+00 2.80E+00 0.00E+00 6.45E+00
THALLIUM 2.60E+00 1.46E+00 -- -- 4.00E-03 1.04E-02 5.85E-03 5.38E-02 2.19E-03 0.00E+00 5.60E-02 3.02E-02 1.23E-03 0.00E+00 3.15E-02
VANADIUM 1.10E+02 5.69E+01 -- -- 5.50E-03 6.05E-01 3.13E-01 2.27E+00 1.28E-01 0.00E+00 2.40E+00 1.18E+00 6.61E-02 0.00E+00 1.24E+00

ZINC 5.30E+02 1.77E+02 -- --
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.57E+02 8.54E+01 1.10E+01 3.31E+01 0.00E+00 4.41E+01 3.66E+00 1.80E+01 0.00E+00 2.17E+01
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Table H-18
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE -- -- -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.30E-01 4.30E-01 -- -- 1.00E+00 6.30E-01 4.30E-01 1.66E-02 1.28E-01 0.00E+00 1.45E-01 1.13E-02 8.73E-02 0.00E+00 9.86E-02
NITRATE AS N 9.80E+00 3.65E+00 -- -- 1.00E+00 9.80E+00 3.65E+00 2.59E-01 1.99E+00 0.00E+00 2.25E+00 9.63E-02 7.41E-01 0.00E+00 8.37E-01
SULFATE 1.00E+02 3.09E+01 -- -- 1.00E+00 1.00E+02 3.09E+01 2.64E+00 2.03E+01 0.00E+00 2.29E+01 8.16E-01 6.28E+00 0.00E+00 7.10E+00

METALS

ALUMINUM 4.80E+04 1.69E+04 -- -- 1.18E-01 5.66E+03 1.99E+03 1.27E+03 1.15E+03 0.00E+00 2.42E+03 4.45E+02 4.04E+02 0.00E+00 8.49E+02
ANTIMONY 4.30E+00 2.10E+00 -- -- 1.00E+00 4.30E+00 2.10E+00 1.13E-01 8.73E-01 0.00E+00 9.86E-01 5.55E-02 4.27E-01 0.00E+00 4.82E-01

ARSENIC 1.51E+02 4.06E+01 -- --
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
8.34E+00 3.30E+00 3.98E+00 1.69E+00 0.00E+00 5.68E+00 1.07E+00 6.69E-01 0.00E+00 1.74E+00

BARIUM 1.95E+03 2.12E+02 -- -- 1.60E-01 3.12E+02 3.39E+01 5.15E+01 6.33E+01 0.00E+00 1.15E+02 5.60E+00 6.89E+00 0.00E+00 1.25E+01
BERYLLIUM 1.70E+00 5.71E-01 -- -- 1.18E+00 2.01E+00 6.74E-01 4.49E-02 4.07E-01 0.00E+00 4.52E-01 1.51E-02 1.37E-01 0.00E+00 1.52E-01

CADMIUM 3.20E+00 1.43E+00 -- --
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
2.09E+01 1.10E+01 8.44E-02 4.24E+00 0.00E+00 4.32E+00 3.77E-02 2.23E+00 0.00E+00 2.27E+00

CALCIUM 9.90E+04 1.04E+04 -- -- 1.00E+00 9.90E+04 1.04E+04 2.61E+03 2.01E+04 0.00E+00 2.27E+04 2.76E+02 2.12E+03 0.00E+00 2.39E+03

CHROMIUM 1.40E+02 2.04E+01 -- --
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
8.58E+00 9.77E+00 3.69E+00 1.74E+00 0.00E+00 5.44E+00 5.39E-01 1.98E+00 0.00E+00 2.52E+00

COBALT 3.12E+01 1.42E+01 -- -- 2.91E-01 9.08E+00 4.14E+00 8.23E-01 1.84E+00 0.00E+00 2.67E+00 3.76E-01 8.41E-01 0.00E+00 1.22E+00

COPPER 3.47E+02 5.59E+01 -- --
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
2.50E+01 1.54E+01 9.16E+00 5.08E+00 0.00E+00 1.42E+01 1.47E+00 3.13E+00 0.00E+00 4.61E+00

IRON 6.38E+04 3.24E+04 -- -- 7.80E-02 4.98E+03 2.52E+03 1.68E+03 1.01E+03 0.00E+00 2.69E+03 8.54E+02 5.12E+02 0.00E+00 1.37E+03

LEAD 3.36E+02 4.46E+01 -- --
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
8.79E+01 1.72E+01 8.87E+00 1.78E+01 0.00E+00 2.67E+01 1.18E+00 3.50E+00 0.00E+00 4.68E+00

MAGNESIUM 1.40E+04 7.49E+03 -- -- 5.30E-01 7.42E+03 3.97E+03 3.69E+02 1.51E+03 0.00E+00 1.88E+03 1.98E+02 8.05E+02 0.00E+00 1.00E+03

MANGANESE 1.65E+03 7.38E+02 -- --
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
6.97E+01 4.03E+01 4.35E+01 1.41E+01 0.00E+00 5.77E+01 1.95E+01 8.17E+00 0.00E+00 2.77E+01

MERCURY 5.60E-01 1.71E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
4.71E-01 4.10E-01 1.48E-02 9.57E-02 0.00E+00 1.10E-01 4.51E-03 8.32E-02 0.00E+00 8.77E-02

NICKEL 1.50E+02 2.15E+01 -- --
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
1.07E+01 1.78E+01 3.96E+00 2.18E+00 0.00E+00 6.14E+00 5.67E-01 3.61E+00 0.00E+00 4.18E+00

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-18
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

POTASSIUM 6.09E+03 2.33E+03 -- -- 1.00E+00 6.09E+03 2.33E+03 1.61E+02 1.24E+03 0.00E+00 1.40E+03 6.14E+01 4.72E+02 0.00E+00 5.33E+02

SELENIUM 2.50E+00 9.79E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
1.82E+00 9.13E-01 6.60E-02 3.69E-01 0.00E+00 4.35E-01 2.58E-02 1.85E-01 0.00E+00 2.11E-01

SILVER 2.20E+00 5.54E-01 -- -- 1.53E+01 3.37E+01 8.48E+00 5.81E-02 6.83E+00 0.00E+00 6.89E+00 1.46E-02 1.72E+00 0.00E+00 1.74E+00
SODIUM 7.10E+02 1.77E+02 -- -- 1.00E+00 7.10E+02 1.77E+02 1.87E+01 1.44E+02 0.00E+00 1.63E+02 4.66E+00 3.59E+01 0.00E+00 4.05E+01
VANADIUM 1.10E+02 5.69E+01 -- -- 8.80E-01 9.68E+01 5.01E+01 2.90E+00 1.97E+01 0.00E+00 2.26E+01 1.50E+00 1.02E+01 0.00E+00 1.17E+01

ZINC 5.30E+02 1.77E+02 -- --
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
6.69E+02 4.67E+02 1.40E+01 1.36E+02 0.00E+00 1.50E+02 4.67E+00 9.48E+01 0.00E+00 9.95E+01
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Table H-19
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE -- -- -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.30E-01 4.30E-01 -- -- 1.00E+00 6.30E-01 4.30E-01 4.72E-03 5.07E-02 0.00E+00 5.54E-02 3.22E-03 3.46E-02 0.00E+00 3.78E-02
NITRATE AS N 9.80E+00 3.65E+00 -- -- 1.00E+00 9.80E+00 3.65E+00 7.34E-02 7.89E-01 0.00E+00 8.62E-01 2.73E-02 2.94E-01 0.00E+00 3.21E-01
SULFATE 1.00E+02 3.09E+01 -- -- 1.00E+00 1.00E+02 3.09E+01 7.49E-01 8.05E+00 0.00E+00 8.80E+00 2.32E-01 2.49E+00 0.00E+00 2.72E+00

METALS

ALUMINUM 4.80E+04 1.69E+04 -- -- 1.18E-01 5.66E+03 1.99E+03 3.59E+02 4.56E+02 0.00E+00 8.15E+02 1.26E+02 1.60E+02 0.00E+00 2.87E+02
ANTIMONY 4.30E+00 2.10E+00 -- -- 1.00E+00 4.30E+00 2.10E+00 3.22E-02 3.46E-01 0.00E+00 3.78E-01 1.57E-02 1.69E-01 0.00E+00 1.85E-01

ARSENIC 1.51E+02 4.06E+01 -- --
ln(dry worm conc, mg/kg) =

(-1.421+0.706*ln(soil

conc))

8.34E+00 3.30E+00 1.13E+00 6.71E-01 0.00E+00 1.80E+00 3.04E-01 2.65E-01 0.00E+00 5.69E-01

BARIUM 1.95E+03 2.12E+02 -- -- 1.60E-01 3.12E+02 3.39E+01 1.46E+01 2.51E+01 0.00E+00 3.97E+01 1.59E+00 2.73E+00 0.00E+00 4.32E+00
BERYLLIUM 1.70E+00 5.71E-01 -- -- 1.18E+00 2.01E+00 6.74E-01 1.27E-02 1.61E-01 0.00E+00 1.74E-01 4.27E-03 5.42E-02 0.00E+00 5.85E-02

CADMIUM 3.20E+00 1.43E+00 -- --
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
2.09E+01 1.10E+01 2.40E-02 1.68E+00 0.00E+00 1.70E+00 1.07E-02 8.85E-01 0.00E+00 8.96E-01

CALCIUM 9.90E+04 1.04E+04 -- -- 1.00E+00 9.90E+04 1.04E+04 7.41E+02 7.97E+03 0.00E+00 8.71E+03 7.82E+01 8.40E+02 0.00E+00 9.19E+02

CHROMIUM 1.40E+02 2.04E+01 -- --
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil

conc))

8.58E+00 9.77E+00 1.05E+00 6.91E-01 0.00E+00 1.74E+00 1.53E-01 7.86E-01 0.00E+00 9.39E-01

COBALT 3.12E+01 1.42E+01 -- -- 2.91E-01 9.08E+00 4.14E+00 2.34E-01 7.31E-01 0.00E+00 9.64E-01 1.07E-01 3.33E-01 0.00E+00 4.40E-01

COPPER 3.47E+02 5.59E+01 -- --
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
2.50E+01 1.54E+01 2.60E+00 2.01E+00 0.00E+00 4.61E+00 4.18E-01 1.24E+00 0.00E+00 1.66E+00

IRON 6.38E+04 3.24E+04 -- -- 7.80E-02 4.98E+03 2.52E+03 4.78E+02 4.01E+02 0.00E+00 8.78E+02 2.42E+02 2.03E+02 0.00E+00 4.45E+02

LEAD 3.36E+02 4.46E+01 -- --
ln(dry worm conc, mg/kg) =

(-0.218+0.807*ln(soil

conc))

8.79E+01 1.72E+01 2.52E+00 7.08E+00 0.00E+00 9.59E+00 3.34E-01 1.39E+00 0.00E+00 1.72E+00

MAGNESIUM 1.40E+04 7.49E+03 -- -- 5.30E-01 7.42E+03 3.97E+03 1.05E+02 5.97E+02 0.00E+00 7.02E+02 5.60E+01 3.19E+02 0.00E+00 3.75E+02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-19
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximu
m Mean Maximu

m Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

MANGANESE 1.65E+03 7.38E+02 -- --
ln(dry worm conc, mg/kg) =

(-0.809+0.682*ln(soil

conc))

6.97E+01 4.03E+01 1.24E+01 5.61E+00 0.00E+00 1.80E+01 5.53E+00 3.24E+00 0.00E+00 8.77E+00

MERCURY 5.60E-01 1.71E-01 -- --
ln(dry worm conc, mg/kg) =

(-0.684+0.118*ln(soil

conc))

4.71E-01 4.10E-01 4.19E-03 3.79E-02 0.00E+00 4.21E-02 1.28E-03 3.30E-02 0.00E+00 3.43E-02

NICKEL 1.50E+02 2.15E+01 -- --
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
1.07E+01 1.78E+01 1.12E+00 8.65E-01 0.00E+00 1.99E+00 1.61E-01 1.43E+00 0.00E+00 1.59E+00

POTASSIUM 6.09E+03 2.33E+03 -- -- 1.00E+00 6.09E+03 2.33E+03 4.56E+01 4.90E+02 0.00E+00 5.36E+02 1.74E+01 1.87E+02 0.00E+00 2.05E+02

SELENIUM 2.50E+00 9.79E-01 -- --
ln(dry worm conc, mg/kg) =

(-0.075+0.733*ln(soil

conc))

1.82E+00 9.13E-01 1.87E-02 1.46E-01 0.00E+00 1.65E-01 7.33E-03 7.35E-02 0.00E+00 8.09E-02

SILVER 2.20E+00 5.54E-01 -- -- 1.53E+01 3.37E+01 8.48E+00 1.65E-02 2.71E+00 0.00E+00 2.73E+00 4.15E-03 6.82E-01 0.00E+00 6.86E-01
SODIUM 7.10E+02 1.77E+02 -- -- 1.00E+00 7.10E+02 1.77E+02 5.32E+00 5.72E+01 0.00E+00 6.25E+01 1.32E+00 1.42E+01 0.00E+00 1.55E+01
VANADIUM 1.10E+02 5.69E+01 -- -- 8.80E-01 9.68E+01 5.01E+01 8.24E-01 7.79E+00 0.00E+00 8.62E+00 4.26E-01 4.03E+00 0.00E+00 4.46E+00

ZINC 5.30E+02 1.77E+02 -- --
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
6.69E+02 4.67E+02 3.97E+00 5.39E+01 0.00E+00 5.79E+01 1.32E+00 3.76E+01 0.00E+00 3.89E+01
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Table H-20
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean

Small Mammal Biotransfer
Factor (mg/kg bw-day to

mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE -- -- -- -- 0.00E+00 0.00E+00 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) 6.30E-01 4.30E-01 -- -- 8.41E-03 5.74E-03 1.00E+00 6.30E-01 4.30E-01 3.18E-04 1.13E-02 0.00E+00 1.17E-02 2.17E-04 7.74E-03 0.00E+00 7.96E-03
NITRATE AS N 9.80E+00 3.65E+00 -- -- 8.97E-01 3.34E-01 1.00E+00 9.80E+00 3.65E+00 4.94E-03 1.76E-01 0.00E+00 1.81E-01 1.84E-03 6.57E-02 0.00E+00 6.75E-02
SULFATE 1.00E+02 3.09E+01 -- -- 9.15E+00 2.83E+00 1.00E+00 1.00E+02 3.09E+01 5.04E-02 1.80E+00 0.00E+00 1.85E+00 1.56E-02 5.57E-01 0.00E+00 5.72E-01

METALS

ALUMINUM 4.80E+04 1.69E+04 -- -- 3.30E+02 1.16E+02 7.32E-02 3.51E+03 1.24E+03 2.42E+01 6.32E+01 0.00E+00 8.74E+01 8.50E+00 2.22E+01 0.00E+00 3.07E+01
ANTIMONY 4.30E+00 2.10E+00 -- -- 1.01E-01 4.95E-02 2.12E-04 9.12E-04 4.46E-04 2.17E-03 1.64E-05 0.00E+00 2.18E-03 1.06E-03 8.02E-06 0.00E+00 1.07E-03

ARSENIC 1.51E+02 4.06E+01 -- -- 1.18E+00 3.59E-01

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

4.78E-01 1.63E-01 7.61E-02 8.60E-03 0.00E+00 8.47E-02 2.04E-02 2.93E-03 0.00E+00 2.34E-02

BARIUM 1.95E+03 2.12E+02 -- -- 3.76E+01 4.09E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
4.90E+01 1.04E+01 9.83E-01 8.81E-01 0.00E+00 1.86E+00 1.07E-01 1.86E-01 0.00E+00 2.93E-01

BERYLLIUM 1.70E+00 5.71E-01 -- -- 1.26E-02 4.22E-03 2.12E-04 3.60E-04 1.21E-04 8.57E-04 6.49E-06 0.00E+00 8.63E-04 2.88E-04 2.18E-06 0.00E+00 2.90E-04
BROMIDE 0.00E+00 0.00E+00 -- -- -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CADMIUM 3.20E+00 1.43E+00 -- -- 1.21E-01 7.35E-02

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

1.14E+00 7.73E-01 1.61E-03 2.06E-02 0.00E+00 2.22E-02 7.20E-04 1.39E-02 0.00E+00 1.46E-02

CALCIUM 9.90E+04 1.04E+04 -- -- 3.01E+04 3.17E+03 1.48E-04 1.47E+01 1.55E+00 4.99E+01 2.64E-01 0.00E+00 5.02E+01 5.26E+00 2.78E-02 0.00E+00 5.29E+00

CHROMIUM 1.40E+02 2.04E+01 -- -- 1.01E+00 1.47E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

8.73E+00 2.13E+00 7.06E-02 1.57E-01 0.00E+00 2.28E-01 1.03E-02 3.83E-02 0.00E+00 4.86E-02

COBALT 3.12E+01 1.42E+01 -- -- 2.57E-01 1.17E-01 1.00E-01 3.12E+00 1.42E+00 1.57E-02 5.62E-02 0.00E+00 7.19E-02 7.17E-03 2.56E-02 0.00E+00 3.28E-02

COPPER 3.47E+02 5.59E+01 -- -- 3.93E+00 2.03E+00

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

1.79E+01 1.38E+01 1.75E-01 3.23E-01 0.00E+00 4.98E-01 2.82E-02 2.48E-01 0.00E+00 2.76E-01

IRON 6.38E+04 3.24E+04 -- -- 4.39E+02 2.23E+02 4.24E-03 2.71E+02 1.37E+02 3.22E+01 4.87E+00 0.00E+00 3.70E+01 1.63E+01 2.47E+00 0.00E+00 1.88E+01

LEAD 3.36E+02 4.46E+01 -- -- 2.79E+00 4.82E-01

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

1.41E+01 5.79E+00 1.69E-01 2.54E-01 0.00E+00 4.24E-01 2.25E-02 1.04E-01 0.00E+00 1.27E-01

MAGNESIUM 1.40E+04 7.49E+03 -- -- 1.28E+03 6.85E+02 1.06E-03 1.48E+01 7.94E+00 7.06E+00 2.67E-01 0.00E+00 7.32E+00 3.77E+00 1.43E-01 0.00E+00 3.92E+00
MANGANESE 1.65E+03 7.38E+02 -- -- 4.59E+01 2.05E+01 5.87E-02 9.69E+01 4.33E+01 8.32E-01 1.74E+00 0.00E+00 2.57E+00 3.72E-01 7.80E-01 0.00E+00 1.15E+00
MERCURY 5.60E-01 1.71E-01 -- -- 2.66E-02 1.31E-02 1.92E-01 1.08E-01 3.28E-02 2.82E-04 1.94E-03 0.00E+00 2.22E-03 8.62E-05 5.91E-04 0.00E+00 6.77E-04

NICKEL 1.50E+02 2.15E+01 -- -- 1.37E+00 2.32E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

8.07E+00 3.26E+00 7.56E-02 1.45E-01 0.00E+00 2.21E-01 1.08E-02 5.87E-02 0.00E+00 6.95E-02

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-20
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximu
m Mean Maximu

m Mean Maximu
m Mean

Small Mammal Biotransfer
Factor (mg/kg bw-day to

mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water
Concentration

(mg/L)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

POTASSIUM 6.09E+03 2.33E+03 -- -- 5.58E+02 2.13E+02 4.24E-03 2.58E+01 9.86E+00 3.07E+00 4.65E-01 0.00E+00 3.53E+00 1.17E+00 1.77E-01 0.00E+00 1.35E+00

SELENIUM 2.50E+00 9.79E-01 -- -- 1.35E-01 4.86E-02

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

9.32E-01 6.55E-01 1.26E-03 1.68E-02 0.00E+00 1.80E-02 4.93E-04 1.18E-02 0.00E+00 1.23E-02

SILVER 2.20E+00 5.54E-01 -- -- 8.92E-02 2.25E-02 5.01E-01 1.10E+00 2.78E-01 1.11E-03 1.98E-02 0.00E+00 2.09E-02 2.79E-04 5.00E-03 0.00E+00 5.28E-03
SODIUM 7.10E+02 1.77E+02 -- -- 9.17E+00 2.28E+00 1.17E-02 8.31E+00 2.07E+00 3.58E-01 1.50E-01 0.00E+00 5.07E-01 8.91E-02 3.72E-02 0.00E+00 1.26E-01
VANADIUM 1.10E+02 5.69E+01 -- -- 7.71E-01 3.99E-01 1.79E-01 1.97E+01 1.02E+01 5.54E-02 3.54E-01 0.00E+00 4.10E-01 2.87E-02 1.83E-01 0.00E+00 2.12E-01

ZINC 5.30E+02 1.77E+02 -- -- 1.68E+01 8.41E+00

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.39E+02 1.28E+02 2.67E-01 2.50E+00 0.00E+00 2.77E+00 8.91E-02 2.31E+00 0.00E+00 2.40E+00
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Table H-21
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day):kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day):kg/kg-day

Water Ingestion Rate (L/kg bw-day): L/kg-day

Maximu
m Mean Maximum Mean

Small Mammal Biotransfer
Factor (mg/kg bw-day to

mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE -- -- 0.00E+00 0.00E+00 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CYANIDE (TOTAL) -- -- 8.41E-03 5.74E-03 1.00E+00 6.30E-01 4.30E-01 0.00E+00 1.73E-02 0.00E+00 1.73E-02 0.00E+00 1.18E-02 0.00E+00 1.18E-02
NITRATE AS N -- -- 8.97E-01 3.34E-01 1.00E+00 9.80E+00 3.65E+00 0.00E+00 2.70E-01 0.00E+00 2.70E-01 0.00E+00 1.00E-01 0.00E+00 1.00E-01
SULFATE -- -- 9.15E+00 2.83E+00 1.00E+00 1.00E+02 3.09E+01 0.00E+00 2.75E+00 0.00E+00 2.75E+00 0.00E+00 8.51E-01 0.00E+00 8.51E-01

METALS

ALUMINUM -- -- 3.30E+02 1.16E+02 7.32E-02 3.51E+03 1.24E+03 0.00E+00 9.66E+01 0.00E+00 9.66E+01 0.00E+00 3.40E+01 0.00E+00 3.40E+01
ANTIMONY -- -- 1.01E-01 4.95E-02 2.12E-04 9.12E-04 4.46E-04 0.00E+00 2.51E-05 0.00E+00 2.51E-05 0.00E+00 1.23E-05 0.00E+00 1.23E-05

ARSENIC -- -- 1.18E+00 3.59E-01

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

4.78E-01 1.63E-01 0.00E+00 1.31E-02 0.00E+00 1.31E-02 0.00E+00 4.48E-03 0.00E+00 4.48E-03

BARIUM -- -- 3.76E+01 4.09E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
4.90E+01 1.04E+01 0.00E+00 1.35E+00 0.00E+00 1.35E+00 0.00E+00 2.85E-01 0.00E+00 2.85E-01

BERYLLIUM -- -- 1.26E-02 4.22E-03 2.12E-04 3.60E-04 1.21E-04 0.00E+00 9.91E-06 0.00E+00 9.91E-06 0.00E+00 3.33E-06 0.00E+00 3.33E-06

CADMIUM -- -- 1.21E-01 7.35E-02

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

1.14E+00 7.73E-01 0.00E+00 3.15E-02 0.00E+00 3.15E-02 0.00E+00 2.13E-02 0.00E+00 2.13E-02

CALCIUM -- -- 3.01E+04 3.17E+03 1.48E-04 1.47E+01 1.55E+00 0.00E+00 4.03E-01 0.00E+00 4.03E-01 0.00E+00 4.25E-02 0.00E+00 4.25E-02

CHROMIUM -- -- 1.01E+00 1.47E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

8.73E+00 2.13E+00 0.00E+00 2.40E-01 0.00E+00 2.40E-01 0.00E+00 5.85E-02 0.00E+00 5.85E-02

COBALT -- -- 2.57E-01 1.17E-01 1.00E-01 3.12E+00 1.42E+00 0.00E+00 8.58E-02 0.00E+00 8.58E-02 0.00E+00 3.91E-02 0.00E+00 3.91E-02

COPPER -- -- 3.93E+00 2.03E+00

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

1.79E+01 1.38E+01 0.00E+00 4.93E-01 0.00E+00 4.93E-01 0.00E+00 3.79E-01 0.00E+00 3.79E-01

IRON -- -- 4.39E+02 2.23E+02 4.24E-03 2.71E+02 1.37E+02 0.00E+00 7.44E+00 0.00E+00 7.44E+00 0.00E+00 3.77E+00 0.00E+00 3.77E+00

LEAD -- -- 2.79E+00 4.82E-01

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

1.41E+01 5.79E+00 0.00E+00 3.89E-01 0.00E+00 3.89E-01 0.00E+00 1.59E-01 0.00E+00 1.59E-01

MAGNESIUM -- -- 1.28E+03 6.85E+02 1.06E-03 1.48E+01 7.94E+00 0.00E+00 4.08E-01 0.00E+00 4.08E-01 0.00E+00 2.18E-01 0.00E+00 2.18E-01
MANGANESE -- -- 4.59E+01 2.05E+01 5.87E-02 9.69E+01 4.33E+01 0.00E+00 2.66E+00 0.00E+00 2.66E+00 0.00E+00 1.19E+00 0.00E+00 1.19E+00
MERCURY -- -- 2.66E-02 1.31E-02 1.92E-01 1.08E-01 3.28E-02 0.00E+00 2.96E-03 0.00E+00 2.96E-03 0.00E+00 9.03E-04 0.00E+00 9.03E-04

NICKEL -- -- 1.37E+00 2.32E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

8.07E+00 3.26E+00 0.00E+00 2.22E-01 0.00E+00 2.22E-01 0.00E+00 8.97E-02 0.00E+00 8.97E-02

POTASSIUM -- -- 5.58E+02 2.13E+02 4.24E-03 2.58E+01 9.86E+00 0.00E+00 7.10E-01 0.00E+00 7.10E-01 0.00E+00 2.71E-01 0.00E+00 2.71E-01

Mean Case Scenario Doses

Chemical

Water
Concentration

(mg/L)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses



Table H-21
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the In-Town West Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day):kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day):kg/kg-day

Water Ingestion Rate (L/kg bw-day): L/kg-day

Maximu
m Mean Maximum Mean

Small Mammal Biotransfer
Factor (mg/kg bw-day to

mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Water
Concentration

(mg/L)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

SELENIUM -- -- 1.35E-01 4.86E-02

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

9.32E-01 6.55E-01 0.00E+00 2.56E-02 0.00E+00 2.56E-02 0.00E+00 1.80E-02 0.00E+00 1.80E-02

SILVER -- -- 8.92E-02 2.25E-02 5.01E-01 1.10E+00 2.78E-01 0.00E+00 3.03E-02 0.00E+00 3.03E-02 0.00E+00 7.63E-03 0.00E+00 7.63E-03
SODIUM -- -- 9.17E+00 2.28E+00 1.17E-02 8.31E+00 2.07E+00 0.00E+00 2.28E-01 0.00E+00 2.28E-01 0.00E+00 5.69E-02 0.00E+00 5.69E-02
VANADIUM -- -- 7.71E-01 3.99E-01 1.79E-01 1.97E+01 1.02E+01 0.00E+00 5.41E-01 0.00E+00 5.41E-01 0.00E+00 2.80E-01 0.00E+00 2.80E-01

ZINC -- -- 1.68E+01 8.41E+00

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.39E+02 1.28E+02 0.00E+00 3.82E+00 0.00E+00 3.82E+00 0.00E+00 3.52E+00 0.00E+00 3.52E+00



Table H-22
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg
dry wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE 6.70E+01 3.75E+01 -- -- 1.00E+00 6.70E+01 3.75E+01 4.39E-01 5.70E+00 0.00E+00 6.13E+00 2.45E-01 3.18E+00 0.00E+00 3.43E+00
CYANIDE (TOTAL) 6.50E+00 3.52E-01 -- -- 8.00E-02 5.20E-01 2.82E-02 4.25E-02 4.42E-02 0.00E+00 8.67E-02 2.30E-03 2.39E-03 0.00E+00 4.70E-03
NITRATE AS N 1.20E+02 3.19E+01 -- -- 1.00E+00 1.20E+02 3.19E+01 7.85E-01 1.02E+01 0.00E+00 1.10E+01 2.09E-01 2.71E+00 0.00E+00 2.92E+00
SULFATE 2.60E+02 6.09E+01 -- -- 1.00E+00 2.60E+02 6.09E+01 1.70E+00 2.21E+01 0.00E+00 2.38E+01 3.99E-01 5.18E+00 0.00E+00 5.58E+00

METALS

ALUMINUM 1.05E+05 1.58E+04 -- -- 4.00E-03 4.20E+02 6.31E+01 6.87E+02 3.57E+01 0.00E+00 7.23E+02 1.03E+02 5.36E+00 0.00E+00 1.09E+02
ANTIMONY 1.60E+02 4.23E+00 -- -- 2.00E-01 3.20E+01 8.45E-01 1.05E+00 2.72E+00 0.00E+00 3.77E+00 2.77E-02 7.18E-02 0.00E+00 9.95E-02

ARSENIC 6.79E+02 4.74E+01 -- --
ln(dry plant conc, mg/kg) =

(-1.992+0.564*ln(soil

conc))

5.40E+00 1.20E+00 4.44E+00 4.59E-01 0.00E+00 4.90E+00 3.10E-01 1.02E-01 0.00E+00 4.12E-01

BARIUM 2.30E+03 2.30E+02 -- -- 1.50E-01 3.45E+02 3.45E+01 1.51E+01 2.93E+01 0.00E+00 4.44E+01 1.51E+00 2.94E+00 0.00E+00 4.44E+00
BERYLLIUM 1.14E+01 6.50E-01 -- -- 1.00E-02 1.14E-01 6.50E-03 7.46E-02 9.69E-03 0.00E+00 8.43E-02 4.25E-03 5.53E-04 0.00E+00 4.81E-03

CADMIUM 4.57E+01 2.80E+00 -- --
ln(dry plant conc, mg/kg) =

(-0.476+0.546*ln(soil

conc))

5.01E+00 1.09E+00 2.99E-01 4.26E-01 0.00E+00 7.25E-01 1.83E-02 9.27E-02 0.00E+00 1.11E-01

CALCIUM 7.74E+04 1.20E+04 -- -- 3.50E+00 2.71E+05 4.21E+04 5.07E+02 2.30E+04 0.00E+00 2.35E+04 7.88E+01 3.58E+03 0.00E+00 3.66E+03
CHROMIUM 4.41E+02 3.02E+01 -- -- 7.50E-03 3.31E+00 2.26E-01 2.89E+00 2.81E-01 0.00E+00 3.17E+00 1.98E-01 1.92E-02 0.00E+00 2.17E-01
COBALT 5.83E+01 1.39E+01 -- -- 2.00E-02 1.17E+00 2.77E-01 3.82E-01 9.91E-02 0.00E+00 4.81E-01 9.07E-02 2.36E-02 0.00E+00 1.14E-01

COPPER 7.25E+03 3.03E+02 -- --
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil

conc))

6.48E+01 6.48E+01 4.75E+01 5.51E+00 0.00E+00 5.30E+01 1.98E+00 5.51E+00 0.00E+00 7.49E+00

IRON 8.95E+04 2.72E+04 -- -- 4.00E-03 3.58E+02 1.09E+02 5.86E+02 3.04E+01 0.00E+00 6.16E+02 1.78E+02 9.24E+00 0.00E+00 1.87E+02

LEAD 1.81E+04 1.78E+02 -- --
ln(dry plant conc, mg/kg) =

(-1.328+0.561*ln(soil

conc))

6.48E+01 4.85E+00 1.18E+02 5.51E+00 0.00E+00 1.24E+02 1.17E+00 4.12E-01 0.00E+00 1.58E+00

MAGNESIUM 2.91E+04 6.99E+03 -- -- 1.00E+00 2.91E+04 6.99E+03 1.90E+02 2.47E+03 0.00E+00 2.66E+03 4.58E+01 5.94E+02 0.00E+00 6.40E+02
MANGANESE 8.36E+03 8.50E+02 -- -- 2.50E-01 2.09E+03 2.12E+02 5.47E+01 1.78E+02 0.00E+00 2.32E+02 5.56E+00 1.81E+01 0.00E+00 2.36E+01

MERCURY 1.87E+01 8.30E-01 -- --
ln(dry plant conc, mg/kg) =

(-0.996+0.544*ln(soil

conc))

1.82E+00 3.34E-01 1.22E-01 1.54E-01 0.00E+00 2.77E-01 5.43E-03 2.84E-02 0.00E+00 3.38E-02

NICKEL 2.53E+02 3.06E+01 -- --
ln(dry plant conc, mg/kg) =

(-2.224+0.748*ln(soil

conc))

6.79E+00 1.40E+00 1.66E+00 5.77E-01 0.00E+00 2.23E+00 2.00E-01 1.19E-01 0.00E+00 3.19E-01

POTASSIUM 7.91E+03 2.73E+03 -- -- 1.00E+00 7.91E+03 2.73E+03 5.18E+01 6.72E+02 0.00E+00 7.24E+02 1.79E+01 2.32E+02 0.00E+00 2.50E+02

SELENIUM 4.92E+01 2.58E+00 -- --
ln(dry plant conc, mg/kg) =

(-0.678+1.104*ln(soil

conc))

3.75E+01 1.44E+00 3.22E-01 3.18E+00 0.00E+00 3.51E+00 1.69E-02 1.23E-01 0.00E+00 1.40E-01

SILVER 3.39E+01 1.59E+00 -- -- 4.00E-01 1.36E+01 6.35E-01 2.22E-01 1.15E+00 0.00E+00 1.37E+00 1.04E-02 5.40E-02 0.00E+00 6.43E-02
SODIUM 1.74E+04 2.85E+02 -- -- 7.50E-02 1.31E+03 2.14E+01 1.14E+02 1.11E+02 0.00E+00 2.25E+02 1.87E+00 1.82E+00 0.00E+00 3.68E+00
THALLIUM 3.60E+00 9.31E-01 -- -- 4.00E-03 1.44E-02 3.72E-03 2.36E-02 1.22E-03 0.00E+00 2.48E-02 6.09E-03 3.17E-04 0.00E+00 6.41E-03
VANADIUM 2.63E+02 4.91E+01 -- -- 5.50E-03 1.45E+00 2.70E-01 1.72E+00 1.23E-01 0.00E+00 1.84E+00 3.21E-01 2.29E-02 0.00E+00 3.44E-01

ZINC 6.69E+03 4.75E+02 -- --
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil

conc))

6.41E+02 1.48E+02 4.38E+01 5.45E+01 0.00E+00 9.83E+01 3.11E+00 1.26E+01 0.00E+00 1.57E+01

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake
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Table H-22
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg
dry wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake

PAHS

ANTHRACENE 4.10E-02 2.94E-01 -- -- 1.04E-01 4.26E-03 3.06E-02 2.68E-04 3.62E-04 0.00E+00 6.31E-04 1.93E-03 2.60E-03 0.00E+00 4.53E-03
BENZO(B)FLUORANTHENE 1.20E-01 3.10E-01 -- -- 1.12E-02 1.34E-03 3.47E-03 7.85E-04 1.14E-04 0.00E+00 9.00E-04 2.03E-03 2.95E-04 0.00E+00 2.32E-03
BENZO(K)FLUORANTHENE 6.10E-02 2.98E-01 -- -- 1.12E-02 6.83E-04 3.34E-03 3.99E-04 5.81E-05 0.00E+00 4.57E-04 1.95E-03 2.84E-04 0.00E+00 2.24E-03
CHRYSENE 2.40E-01 3.34E-01 -- -- 2.06E-02 4.94E-03 6.88E-03 1.57E-03 4.20E-04 0.00E+00 1.99E-03 2.19E-03 5.85E-04 0.00E+00 2.77E-03
FLUORANTHENE 4.90E-01 3.84E-01 -- -- 5.33E-02 2.61E-02 2.05E-02 3.21E-03 2.22E-03 0.00E+00 5.43E-03 2.51E-03 1.74E-03 0.00E+00 4.25E-03
PHENANTHRENE 2.80E-01 3.42E-01 -- -- 1.02E-01 2.86E-02 3.49E-02 1.83E-03 2.43E-03 0.00E+00 4.26E-03 2.24E-03 2.97E-03 0.00E+00 5.20E-03
PYRENE 4.30E-01 3.72E-01 -- -- 5.85E-02 2.52E-02 2.18E-02 2.81E-03 2.14E-03 0.00E+00 4.95E-03 2.43E-03 1.85E-03 0.00E+00 4.28E-03
TOTAL HMW PAH 8.51E-01 8.51E-01 -- -- -- -- -- 5.57E-03 2.73E-03 0.00E+00 8.30E-03 8.60E-03 3.01E-03 0.00E+00 1.16E-02
TOTAL LMW PAH 8.11E-01 8.11E-01 -- -- -- -- -- 5.31E-03 5.01E-03 0.00E+00 1.03E-02 6.68E-03 7.31E-03 0.00E+00 1.40E-02

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 1.99E-01 -- -- 4.30E-02 1.38E-02 8.56E-03 2.09E-03 1.17E-03 0.00E+00 3.26E-03 1.30E-03 7.27E-04 0.00E+00 2.03E-03

VOLATILES

ACETOPHENONE 2.00E-01 2.80E-01 -- -- 4.20E+00 8.39E-01 1.17E+00 1.31E-03 7.13E-02 0.00E+00 7.26E-02 1.83E-03 9.98E-02 0.00E+00 1.02E-01
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Table H-23
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE 6.70E+01 3.75E+01 -- -- 1.00E+00 6.70E+01 3.75E+01 1.39E+00 1.41E+01 0.00E+00 1.55E+01 7.74E-01 7.90E+00 0.00E+00 8.68E+00
CYANIDE (TOTAL) 6.50E+00 3.52E-01 -- -- 8.00E-02 5.20E-01 2.82E-02 1.34E-01 1.10E-01 0.00E+00 2.44E-01 7.28E-03 5.94E-03 0.00E+00 1.32E-02
NITRATE AS N 1.20E+02 3.19E+01 -- -- 1.00E+00 1.20E+02 3.19E+01 2.48E+00 2.53E+01 0.00E+00 2.78E+01 6.60E-01 6.74E+00 0.00E+00 7.40E+00
SULFATE 2.60E+02 6.09E+01 -- -- 1.00E+00 2.60E+02 6.09E+01 5.38E+00 5.49E+01 0.00E+00 6.02E+01 1.26E+00 1.29E+01 0.00E+00 1.41E+01

METALS

ALUMINUM 1.05E+05 1.58E+04 -- -- 4.00E-03 4.20E+02 6.31E+01 2.17E+03 8.86E+01 0.00E+00 2.26E+03 3.26E+02 1.33E+01 0.00E+00 3.40E+02
ANTIMONY 1.60E+02 4.23E+00 -- -- 2.00E-01 3.20E+01 8.45E-01 3.31E+00 6.75E+00 0.00E+00 1.01E+01 8.74E-02 1.78E-01 0.00E+00 2.66E-01

ARSENIC 6.79E+02 4.74E+01 -- --
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
5.40E+00 1.20E+00 1.40E+01 1.14E+00 0.00E+00 1.52E+01 9.80E-01 2.54E-01 0.00E+00 1.23E+00

BARIUM 2.30E+03 2.30E+02 -- -- 1.50E-01 3.45E+02 3.45E+01 4.76E+01 7.28E+01 0.00E+00 1.20E+02 4.76E+00 7.29E+00 0.00E+00 1.21E+01
BERYLLIUM 1.14E+01 6.50E-01 -- -- 1.00E-02 1.14E-01 6.50E-03 2.36E-01 2.41E-02 0.00E+00 2.60E-01 1.34E-02 1.37E-03 0.00E+00 1.48E-02

CADMIUM 4.57E+01 2.80E+00 -- --
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
5.01E+00 1.09E+00 9.45E-01 1.06E+00 0.00E+00 2.00E+00 5.79E-02 2.30E-01 0.00E+00 2.88E-01

CALCIUM 7.74E+04 1.20E+04 -- -- 3.50E+00 2.71E+05 4.21E+04 1.60E+03 5.72E+04 0.00E+00 5.88E+04 2.49E+02 8.89E+03 0.00E+00 9.14E+03
CHROMIUM 4.41E+02 3.02E+01 -- -- 7.50E-03 3.31E+00 2.26E-01 9.12E+00 6.98E-01 0.00E+00 9.82E+00 6.24E-01 4.78E-02 0.00E+00 6.72E-01
COBALT 5.83E+01 1.39E+01 -- -- 2.00E-02 1.17E+00 2.77E-01 1.21E+00 2.46E-01 0.00E+00 1.45E+00 2.87E-01 5.85E-02 0.00E+00 3.45E-01

COPPER 7.25E+03 3.03E+02 -- --
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
6.48E+01 6.48E+01 1.50E+02 1.37E+01 0.00E+00 1.64E+02 6.27E+00 1.37E+01 0.00E+00 1.99E+01

IRON 8.95E+04 2.72E+04 -- -- 4.00E-03 3.58E+02 1.09E+02 1.85E+03 7.55E+01 0.00E+00 1.93E+03 5.62E+02 2.29E+01 0.00E+00 5.85E+02

LEAD 1.81E+04 1.78E+02 -- --
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
6.48E+01 4.85E+00 3.74E+02 1.37E+01 0.00E+00 3.88E+02 3.68E+00 1.02E+00 0.00E+00 4.70E+00

MAGNESIUM 2.91E+04 6.99E+03 -- -- 1.00E+00 2.91E+04 6.99E+03 6.02E+02 6.14E+03 0.00E+00 6.74E+03 1.45E+02 1.48E+03 0.00E+00 1.62E+03
MANGANESE 8.36E+03 8.50E+02 -- -- 2.50E-01 2.09E+03 2.12E+02 1.73E+02 4.41E+02 0.00E+00 6.14E+02 1.76E+01 4.48E+01 0.00E+00 6.24E+01

MERCURY 1.87E+01 8.30E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
1.82E+00 3.34E-01 3.87E-01 3.83E-01 0.00E+00 7.70E-01 1.72E-02 7.04E-02 0.00E+00 8.76E-02

NICKEL 2.53E+02 3.06E+01 -- --
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
6.79E+00 1.40E+00 5.23E+00 1.43E+00 0.00E+00 6.66E+00 6.33E-01 2.95E-01 0.00E+00 9.28E-01

POTASSIUM 7.91E+03 2.73E+03 -- -- 1.00E+00 7.91E+03 2.73E+03 1.64E+02 1.67E+03 0.00E+00 1.83E+03 5.65E+01 5.77E+02 0.00E+00 6.33E+02

SELENIUM 4.92E+01 2.58E+00 -- --
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
3.75E+01 1.44E+00 1.02E+00 7.90E+00 0.00E+00 8.92E+00 5.33E-02 3.05E-01 0.00E+00 3.58E-01

SILVER 3.39E+01 1.59E+00 -- -- 4.00E-01 1.36E+01 6.35E-01 7.01E-01 2.86E+00 0.00E+00 3.56E+00 3.28E-02 1.34E-01 0.00E+00 1.67E-01
SODIUM 1.74E+04 2.85E+02 -- -- 7.50E-02 1.31E+03 2.14E+01 3.60E+02 2.75E+02 0.00E+00 6.35E+02 5.90E+00 4.51E+00 0.00E+00 1.04E+01
THALLIUM 3.60E+00 9.31E-01 -- -- 4.00E-03 1.44E-02 3.72E-03 7.44E-02 3.04E-03 0.00E+00 7.75E-02 1.93E-02 7.86E-04 0.00E+00 2.00E-02
VANADIUM 2.63E+02 4.91E+01 -- -- 5.50E-03 1.45E+00 2.70E-01 5.44E+00 3.05E-01 0.00E+00 5.74E+00 1.02E+00 5.70E-02 0.00E+00 1.07E+00

ZINC 6.69E+03 4.75E+02 -- --
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
6.41E+02 1.48E+02 1.38E+02 1.35E+02 0.00E+00 2.74E+02 9.82E+00 3.12E+01 0.00E+00 4.10E+01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses
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Table H-23
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses

PAHS

ANTHRACENE 4.10E-02 2.94E-01 -- -- 1.04E-01 4.26E-03 3.06E-02 8.48E-04 9.00E-04 0.00E+00 1.75E-03 6.08E-03 6.46E-03 0.00E+00 1.25E-02
BENZO(B)FLUORANTHENE 1.20E-01 3.10E-01 -- -- 1.12E-02 1.34E-03 3.47E-03 2.48E-03 2.84E-04 0.00E+00 2.76E-03 6.41E-03 7.33E-04 0.00E+00 7.14E-03
BENZO(K)FLUORANTHENE 6.10E-02 2.98E-01 -- -- 1.12E-02 6.83E-04 3.34E-03 1.26E-03 1.44E-04 0.00E+00 1.41E-03 6.17E-03 7.05E-04 0.00E+00 6.87E-03
CHRYSENE 2.40E-01 3.34E-01 -- -- 2.06E-02 4.94E-03 6.88E-03 4.96E-03 1.04E-03 0.00E+00 6.01E-03 6.91E-03 1.45E-03 0.00E+00 8.36E-03
FLUORANTHENE 4.90E-01 3.84E-01 -- -- 5.33E-02 2.61E-02 2.05E-02 1.01E-02 5.51E-03 0.00E+00 1.56E-02 7.94E-03 4.32E-03 0.00E+00 1.23E-02
PHENANTHRENE 2.80E-01 3.42E-01 -- -- 1.02E-01 2.86E-02 3.49E-02 5.79E-03 6.03E-03 0.00E+00 1.18E-02 7.07E-03 7.36E-03 0.00E+00 1.44E-02
PYRENE 4.30E-01 3.72E-01 -- -- 5.85E-02 2.52E-02 2.18E-02 8.89E-03 5.31E-03 0.00E+00 1.42E-02 7.69E-03 4.59E-03 0.00E+00 1.23E-02
TOTAL HMW PAH 8.51E-01 8.51E-01 -- -- -- -- -- 1.76E-02 6.78E-03 0.00E+00 2.44E-02 2.72E-02 7.48E-03 0.00E+00 3.47E-02
TOTAL LMW PAH 8.11E-01 8.11E-01 -- -- -- -- -- 1.68E-02 1.24E-02 0.00E+00 2.92E-02 2.11E-02 1.81E-02 0.00E+00 3.92E-02

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 1.99E-01 -- -- 4.30E-02 1.38E-02 8.56E-03 6.62E-03 2.90E-03 0.00E+00 9.52E-03 4.11E-03 1.81E-03 0.00E+00 5.92E-03

VOLATILES

ACETOPHENONE 2.00E-01 2.80E-01 -- -- 4.20E+00 8.39E-01 1.17E+00 4.14E-03 1.77E-01 0.00E+00 1.81E-01 5.79E-03 2.48E-01 0.00E+00 2.54E-01
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Table H-24
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE 6.70E+01 3.75E+01 -- -- 1.00E+00 6.70E+01 3.75E+01 1.77E+00 1.36E+01 0.00E+00 1.54E+01 9.88E-01 7.60E+00 0.00E+00 8.59E+00
CYANIDE (TOTAL) 6.50E+00 3.52E-01 -- -- 1.00E+00 6.50E+00 3.52E-01 1.72E-01 1.32E+00 0.00E+00 1.49E+00 9.29E-03 7.15E-02 0.00E+00 8.07E-02
NITRATE AS N 1.20E+02 3.19E+01 -- -- 1.00E+00 1.20E+02 3.19E+01 3.17E+00 2.44E+01 0.00E+00 2.75E+01 8.42E-01 6.48E+00 0.00E+00 7.32E+00
SULFATE 2.60E+02 6.09E+01 -- -- 1.00E+00 2.60E+02 6.09E+01 6.86E+00 5.28E+01 0.00E+00 5.96E+01 1.61E+00 1.24E+01 0.00E+00 1.40E+01

METALS

ALUMINUM 1.05E+05 1.58E+04 -- -- 1.18E-01 1.24E+04 1.86E+03 2.77E+03 2.52E+03 0.00E+00 5.29E+03 4.16E+02 3.78E+02 0.00E+00 7.94E+02
ANTIMONY 1.60E+02 4.23E+00 -- -- 1.00E+00 1.60E+02 4.23E+00 4.22E+00 3.25E+01 0.00E+00 3.67E+01 1.12E-01 8.58E-01 0.00E+00 9.69E-01

ARSENIC 6.79E+02 4.74E+01 -- --
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
2.41E+01 3.68E+00 1.79E+01 4.89E+00 0.00E+00 2.28E+01 1.25E+00 7.47E-01 0.00E+00 2.00E+00

BARIUM 2.30E+03 2.30E+02 -- -- 1.60E-01 3.68E+02 3.68E+01 6.07E+01 7.47E+01 0.00E+00 1.35E+02 6.08E+00 7.48E+00 0.00E+00 1.36E+01
BERYLLIUM 1.14E+01 6.50E-01 -- -- 1.18E+00 1.35E+01 7.67E-01 3.01E-01 2.73E+00 0.00E+00 3.03E+00 1.72E-02 1.56E-01 0.00E+00 1.73E-01

CADMIUM 4.57E+01 2.80E+00 -- --
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
1.73E+02 1.88E+01 1.21E+00 3.51E+01 0.00E+00 3.63E+01 7.39E-02 3.81E+00 0.00E+00 3.89E+00

CALCIUM 7.74E+04 1.20E+04 -- -- 1.00E+00 7.74E+04 1.20E+04 2.04E+03 1.57E+04 0.00E+00 1.78E+04 3.18E+02 2.44E+03 0.00E+00 2.76E+03

CHROMIUM 4.41E+02 3.02E+01 -- --
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
7.95E+00 9.51E+00 1.16E+01 1.61E+00 0.00E+00 1.33E+01 7.97E-01 1.93E+00 0.00E+00 2.73E+00

COBALT 5.83E+01 1.39E+01 -- -- 2.91E-01 1.70E+01 4.03E+00 1.54E+00 3.44E+00 0.00E+00 4.98E+00 3.66E-01 8.19E-01 0.00E+00 1.18E+00

COPPER 7.25E+03 3.03E+02 -- --
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
5.58E+01 2.41E+01 1.91E+02 1.13E+01 0.00E+00 2.03E+02 8.00E+00 4.90E+00 0.00E+00 1.29E+01

IRON 8.95E+04 2.72E+04 -- -- 7.80E-02 6.98E+03 2.12E+03 2.36E+03 1.42E+03 0.00E+00 3.78E+03 7.17E+02 4.30E+02 0.00E+00 1.15E+03

LEAD 1.81E+04 1.78E+02 -- --
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
2.19E+03 5.27E+01 4.78E+02 4.45E+02 0.00E+00 9.23E+02 4.70E+00 1.07E+01 0.00E+00 1.54E+01

MAGNESIUM 2.91E+04 6.99E+03 -- -- 5.30E-01 1.54E+04 3.71E+03 7.68E+02 3.13E+03 0.00E+00 3.90E+03 1.85E+02 7.52E+02 0.00E+00 9.37E+02

MANGANESE 8.36E+03 8.50E+02 -- --
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
2.11E+02 4.43E+01 2.21E+02 4.28E+01 0.00E+00 2.63E+02 2.24E+01 8.99E+00 0.00E+00 3.14E+01

MERCURY 1.87E+01 8.30E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
7.13E-01 4.94E-01 4.93E-01 1.45E-01 0.00E+00 6.38E-01 2.19E-02 1.00E-01 0.00E+00 1.22E-01

NICKEL 2.53E+02 3.06E+01 -- --
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
9.38E+00 1.62E+01 6.68E+00 1.90E+00 0.00E+00 8.58E+00 8.08E-01 3.30E+00 0.00E+00 4.10E+00

POTASSIUM 7.91E+03 2.73E+03 -- -- 1.00E+00 7.91E+03 2.73E+03 2.09E+02 1.61E+03 0.00E+00 1.81E+03 7.22E+01 5.55E+02 0.00E+00 6.27E+02

SELENIUM 4.92E+01 2.58E+00 -- --
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
1.61E+01 1.86E+00 1.30E+00 3.27E+00 0.00E+00 4.57E+00 6.80E-02 3.77E-01 0.00E+00 4.45E-01

SILVER 3.39E+01 1.59E+00 -- -- 1.53E+01 5.19E+02 2.43E+01 8.95E-01 1.05E+02 0.00E+00 1.06E+02 4.19E-02 4.93E+00 0.00E+00 4.97E+00
SODIUM 1.74E+04 2.85E+02 -- -- 1.00E+00 1.74E+04 2.85E+02 4.59E+02 3.53E+03 0.00E+00 3.99E+03 7.52E+00 5.79E+01 0.00E+00 6.54E+01
THALLIUM 3.60E+00 9.31E-01 -- -- 1.00E+00 3.60E+00 9.31E-01 9.50E-02 7.31E-01 0.00E+00 8.26E-01 2.46E-02 1.89E-01 0.00E+00 2.14E-01
VANADIUM 2.63E+02 4.91E+01 -- -- 8.80E-01 2.31E+02 4.32E+01 6.94E+00 4.70E+01 0.00E+00 5.39E+01 1.30E+00 8.77E+00 0.00E+00 1.01E+01

ZINC 6.69E+03 4.75E+02 -- --
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
1.54E+03 6.46E+02 1.77E+02 3.12E+02 0.00E+00 4.89E+02 1.25E+01 1.31E+02 0.00E+00 1.44E+02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-24
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

PAHS

ANTHRACENE 4.10E-02 2.94E-01 -- -- 3.20E-01 1.31E-02 9.41E-02 1.08E-03 2.66E-03 0.00E+00 3.75E-03 7.76E-03 1.91E-02 0.00E+00 2.69E-02
BENZO(B)FLUORANTHENE 1.20E-01 3.10E-01 -- -- 2.10E-01 2.52E-02 6.51E-02 3.17E-03 5.12E-03 0.00E+00 8.28E-03 8.18E-03 1.32E-02 0.00E+00 2.14E-02
BENZO(K)FLUORANTHENE 6.10E-02 2.98E-01 -- -- 2.10E-01 1.28E-02 6.26E-02 1.61E-03 2.60E-03 0.00E+00 4.21E-03 7.87E-03 1.27E-02 0.00E+00 2.06E-02
CHRYSENE 2.40E-01 3.34E-01 -- -- 4.40E-01 1.06E-01 1.47E-01 6.33E-03 2.14E-02 0.00E+00 2.78E-02 8.81E-03 2.98E-02 0.00E+00 3.86E-02
FLUORANTHENE 4.90E-01 3.84E-01 -- -- 3.70E-01 1.81E-01 1.42E-01 1.29E-02 3.68E-02 0.00E+00 4.97E-02 1.01E-02 2.88E-02 0.00E+00 3.90E-02
PHENANTHRENE 2.80E-01 3.42E-01 -- -- 2.80E-01 7.84E-02 9.58E-02 7.39E-03 1.59E-02 0.00E+00 2.33E-02 9.03E-03 1.94E-02 0.00E+00 2.85E-02
PYRENE 4.30E-01 3.72E-01 -- -- 3.90E-01 1.68E-01 1.45E-01 1.13E-02 3.40E-02 0.00E+00 4.54E-02 9.82E-03 2.95E-02 0.00E+00 3.93E-02
TOTAL HMW PAH 8.51E-01 8.51E-01 -- -- -- -- -- 2.25E-02 6.32E-02 0.00E+00 8.57E-02 3.47E-02 8.52E-02 0.00E+00 1.20E-01

TOTAL LMW PAH 8.11E-01 8.11E-01 -- -- -- -- -- 2.14E-02 5.54E-02 0.00E+00 7.68E-02 2.69E-02 6.74E-02 0.00E+00 9.43E-02

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 1.99E-01 -- -- 1.00E+00 3.20E-01 1.99E-01 8.44E-03 6.50E-02 0.00E+00 7.34E-02 5.25E-03 4.04E-02 0.00E+00 4.56E-02

VOLATILES

ACETOPHENONE 2.00E-01 2.80E-01 -- -- 1.00E+00 2.00E-01 2.80E-01 5.28E-03 4.06E-02 0.00E+00 4.59E-02 7.39E-03 5.68E-02 0.00E+00 6.42E-02
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Table H-25
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE 6.70E+01 3.75E+01 -- -- 1.00E+00 6.70E+01 3.75E+01 5.02E-01 5.39E+00 0.00E+00 5.90E+00 2.80E-01 3.01E+00 0.00E+00 3.30E+00
CYANIDE (TOTAL) 6.50E+00 3.52E-01 -- -- 1.00E+00 6.50E+00 3.52E-01 4.87E-02 5.23E-01 0.00E+00 5.72E-01 2.64E-03 2.83E-02 0.00E+00 3.10E-02
NITRATE AS N 1.20E+02 3.19E+01 -- -- 1.00E+00 1.20E+02 3.19E+01 8.98E-01 9.66E+00 0.00E+00 1.06E+01 2.39E-01 2.57E+00 0.00E+00 2.81E+00
SULFATE 2.60E+02 6.09E+01 -- -- 1.00E+00 2.60E+02 6.09E+01 1.95E+00 2.09E+01 0.00E+00 2.29E+01 4.56E-01 4.91E+00 0.00E+00 5.36E+00

METALS

ALUMINUM 1.05E+05 1.58E+04 -- -- 1.18E-01 1.24E+04 1.86E+03 7.86E+02 9.97E+02 0.00E+00 1.78E+03 1.18E+02 1.50E+02 0.00E+00 2.68E+02
ANTIMONY 1.60E+02 4.23E+00 -- -- 1.00E+00 1.60E+02 4.23E+00 1.20E+00 1.29E+01 0.00E+00 1.41E+01 3.16E-02 3.40E-01 0.00E+00 3.72E-01

ARSENIC 6.79E+02 4.74E+01 -- --
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
2.41E+01 3.68E+00 5.08E+00 1.94E+00 0.00E+00 7.02E+00 3.55E-01 2.96E-01 0.00E+00 6.51E-01

BARIUM 2.30E+03 2.30E+02 -- -- 1.60E-01 3.68E+02 3.68E+01 1.72E+01 2.96E+01 0.00E+00 4.68E+01 1.72E+00 2.97E+00 0.00E+00 4.69E+00
BERYLLIUM 1.14E+01 6.50E-01 -- -- 1.18E+00 1.35E+01 7.67E-01 8.53E-02 1.08E+00 0.00E+00 1.17E+00 4.87E-03 6.17E-02 0.00E+00 6.66E-02

CADMIUM 4.57E+01 2.80E+00 -- --
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
1.73E+02 1.88E+01 3.42E-01 1.39E+01 0.00E+00 1.43E+01 2.10E-02 1.51E+00 0.00E+00 1.53E+00

CALCIUM 7.74E+04 1.20E+04 -- -- 1.00E+00 7.74E+04 1.20E+04 5.79E+02 6.23E+03 0.00E+00 6.81E+03 9.01E+01 9.69E+02 0.00E+00 1.06E+03

CHROMIUM 4.41E+02 3.02E+01 -- --
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
7.95E+00 9.51E+00 3.30E+00 6.40E-01 0.00E+00 3.94E+00 2.26E-01 7.66E-01 0.00E+00 9.92E-01

COBALT 5.83E+01 1.39E+01 -- -- 2.91E-01 1.70E+01 4.03E+00 4.36E-01 1.37E+00 0.00E+00 1.80E+00 1.04E-01 3.25E-01 0.00E+00 4.28E-01

COPPER 7.25E+03 3.03E+02 -- --
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
5.58E+01 2.41E+01 5.43E+01 4.49E+00 0.00E+00 5.88E+01 2.27E+00 1.94E+00 0.00E+00 4.21E+00

IRON 8.95E+04 2.72E+04 -- -- 7.80E-02 6.98E+03 2.12E+03 6.70E+02 5.62E+02 0.00E+00 1.23E+03 2.03E+02 1.71E+02 0.00E+00 3.74E+02

LEAD 1.81E+04 1.78E+02 -- --
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
2.19E+03 5.27E+01 1.36E+02 1.77E+02 0.00E+00 3.12E+02 1.33E+00 4.24E+00 0.00E+00 5.57E+00

MAGNESIUM 2.91E+04 6.99E+03 -- -- 5.30E-01 1.54E+04 3.71E+03 2.18E+02 1.24E+03 0.00E+00 1.46E+03 5.24E+01 2.98E+02 0.00E+00 3.51E+02

MANGANESE 8.36E+03 8.50E+02 -- --
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
2.11E+02 4.43E+01 6.26E+01 1.70E+01 0.00E+00 7.95E+01 6.36E+00 3.57E+00 0.00E+00 9.93E+00

MERCURY 1.87E+01 8.30E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
7.13E-01 4.94E-01 1.40E-01 5.74E-02 0.00E+00 1.97E-01 6.21E-03 3.97E-02 0.00E+00 4.60E-02

NICKEL 2.53E+02 3.06E+01 -- --
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
9.38E+00 1.62E+01 1.89E+00 7.55E-01 0.00E+00 2.65E+00 2.29E-01 1.31E+00 0.00E+00 1.54E+00

POTASSIUM 7.91E+03 2.73E+03 -- -- 1.00E+00 7.91E+03 2.73E+03 5.92E+01 6.37E+02 0.00E+00 6.96E+02 2.05E+01 2.20E+02 0.00E+00 2.41E+02

SELENIUM 4.92E+01 2.58E+00 -- --
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
1.61E+01 1.86E+00 3.68E-01 1.30E+00 0.00E+00 1.67E+00 1.93E-02 1.50E-01 0.00E+00 1.69E-01

SILVER 3.39E+01 1.59E+00 -- -- 1.53E+01 5.19E+02 2.43E+01 2.54E-01 4.18E+01 0.00E+00 4.20E+01 1.19E-02 1.95E+00 0.00E+00 1.97E+00
SODIUM 1.74E+04 2.85E+02 -- -- 1.00E+00 1.74E+04 2.85E+02 1.30E+02 1.40E+03 0.00E+00 1.53E+03 2.13E+00 2.30E+01 0.00E+00 2.51E+01
THALLIUM 3.60E+00 9.31E-01 -- -- 1.00E+00 3.60E+00 9.31E-01 2.70E-02 2.90E-01 0.00E+00 3.17E-01 6.97E-03 7.49E-02 0.00E+00 8.19E-02
VANADIUM 2.63E+02 4.91E+01 -- -- 8.80E-01 2.31E+02 4.32E+01 1.97E+00 1.86E+01 0.00E+00 2.06E+01 3.68E-01 3.48E+00 0.00E+00 3.85E+00

ZINC 6.69E+03 4.75E+02 -- --
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
1.54E+03 6.46E+02 5.01E+01 1.24E+02 0.00E+00 1.74E+02 3.55E+00 5.20E+01 0.00E+00 5.55E+01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-25
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

PAHS

ANTHRACENE 4.10E-02 2.94E-01 -- -- 3.20E-01 1.31E-02 9.41E-02 3.07E-04 1.06E-03 0.00E+00 1.36E-03 2.20E-03 7.58E-03 0.00E+00 9.78E-03
BENZO(B)FLUORANTHENE 1.20E-01 3.10E-01 -- -- 2.10E-01 2.52E-02 6.51E-02 8.98E-04 2.03E-03 0.00E+00 2.93E-03 2.32E-03 5.24E-03 0.00E+00 7.56E-03
BENZO(K)FLUORANTHENE 6.10E-02 2.98E-01 -- -- 2.10E-01 1.28E-02 6.26E-02 4.57E-04 1.03E-03 0.00E+00 1.49E-03 2.23E-03 5.04E-03 0.00E+00 7.27E-03
CHRYSENE 2.40E-01 3.34E-01 -- -- 4.40E-01 1.06E-01 1.47E-01 1.80E-03 8.50E-03 0.00E+00 1.03E-02 2.50E-03 1.18E-02 0.00E+00 1.43E-02
FLUORANTHENE 4.90E-01 3.84E-01 -- -- 3.70E-01 1.81E-01 1.42E-01 3.67E-03 1.46E-02 0.00E+00 1.83E-02 2.87E-03 1.14E-02 0.00E+00 1.43E-02
PHENANTHRENE 2.80E-01 3.42E-01 -- -- 2.80E-01 7.84E-02 9.58E-02 2.10E-03 6.31E-03 0.00E+00 8.41E-03 2.56E-03 7.71E-03 0.00E+00 1.03E-02
PYRENE 4.30E-01 3.72E-01 -- -- 3.90E-01 1.68E-01 1.45E-01 3.22E-03 1.35E-02 0.00E+00 1.67E-02 2.78E-03 1.17E-02 0.00E+00 1.45E-02
TOTAL HMW PAH 8.51E-01 8.51E-01 -- -- -- -- -- 6.37E-03 2.51E-02 0.00E+00 3.14E-02 9.84E-03 3.38E-02 0.00E+00 4.36E-02

TOTAL LMW PAH 8.11E-01 8.11E-01 -- -- -- -- -- 6.07E-03 2.20E-02 0.00E+00 2.80E-02 7.64E-03 2.67E-02 0.00E+00 3.44E-02

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 1.99E-01 -- -- 1.00E+00 3.20E-01 1.99E-01 2.40E-03 2.58E-02 0.00E+00 2.82E-02 1.49E-03 1.60E-02 0.00E+00 1.75E-02

VOLATILES

ACETOPHENONE 2.00E-01 2.80E-01 -- -- 1.00E+00 2.00E-01 2.80E-01 1.50E-03 1.61E-02 0.00E+00 1.76E-02 2.10E-03 2.25E-02 0.00E+00 2.46E-02
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Table H-26
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE 6.70E+01 3.75E+01 -- -- 6.13E+00 3.43E+00 1.00E+00 6.70E+01 3.75E+01 3.38E-02 1.21E+00 0.00E+00 1.24E+00 1.89E-02 6.74E-01 0.00E+00 6.93E-01
CYANIDE (TOTAL) 6.50E+00 3.52E-01 -- -- 8.67E-02 4.70E-03 1.00E+00 6.50E+00 3.52E-01 3.28E-03 1.17E-01 0.00E+00 1.20E-01 1.77E-04 6.34E-03 0.00E+00 6.51E-03
NITRATE AS N 1.20E+02 3.19E+01 -- -- 1.10E+01 2.92E+00 1.00E+00 1.20E+02 3.19E+01 6.05E-02 2.16E+00 0.00E+00 2.22E+00 1.61E-02 5.75E-01 0.00E+00 5.91E-01
SULFATE 2.60E+02 6.09E+01 -- -- 2.38E+01 5.58E+00 1.00E+00 2.60E+02 6.09E+01 1.31E-01 4.68E+00 0.00E+00 4.81E+00 3.07E-02 1.10E+00 0.00E+00 1.13E+00

METALS

ALUMINUM 1.05E+05 1.58E+04 -- -- 7.23E+02 1.09E+02 7.32E-02 7.69E+03 1.16E+03 5.29E+01 1.38E+02 0.00E+00 1.91E+02 7.95E+00 2.08E+01 0.00E+00 2.87E+01
ANTIMONY 1.60E+02 4.23E+00 -- -- 3.77E+00 9.95E-02 2.12E-04 3.39E-02 8.96E-04 8.06E-02 6.11E-04 0.00E+00 8.13E-02 2.13E-03 1.61E-05 0.00E+00 2.15E-03

ARSENIC 6.79E+02 4.74E+01 -- -- 4.90E+00 4.12E-01

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

1.64E+00 1.85E-01 3.42E-01 2.94E-02 0.00E+00 3.72E-01 2.39E-02 3.33E-03 0.00E+00 2.72E-02

BARIUM 2.30E+03 2.30E+02 -- -- 4.44E+01 4.44E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
5.50E+01 1.10E+01 1.16E+00 9.89E-01 0.00E+00 2.15E+00 1.16E-01 1.98E-01 0.00E+00 3.14E-01

BERYLLIUM 1.14E+01 6.50E-01 -- -- 8.43E-02 4.81E-03 2.12E-04 2.42E-03 1.38E-04 5.75E-03 4.35E-05 0.00E+00 5.79E-03 3.28E-04 2.48E-06 0.00E+00 3.30E-04

CADMIUM 4.57E+01 2.80E+00 -- -- 7.25E-01 1.11E-01

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

4.17E+00 1.07E+00 2.30E-02 7.51E-02 0.00E+00 9.82E-02 1.41E-03 1.93E-02 0.00E+00 2.07E-02

CALCIUM 7.74E+04 1.20E+04 -- -- 2.35E+04 3.66E+03 1.48E-04 1.15E+01 1.78E+00 3.90E+01 2.06E-01 0.00E+00 3.92E+01 6.07E+00 3.21E-02 0.00E+00 6.10E+00

CHROMIUM 4.41E+02 3.02E+01 -- -- 3.17E+00 2.17E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

2.03E+01 2.83E+00 2.22E-01 3.65E-01 0.00E+00 5.87E-01 1.52E-02 5.10E-02 0.00E+00 6.62E-02

COBALT 5.83E+01 1.39E+01 -- -- 4.81E-01 1.14E-01 1.00E-01 5.83E+00 1.39E+00 2.94E-02 1.05E-01 0.00E+00 1.34E-01 6.99E-03 2.49E-02 0.00E+00 3.19E-02

COPPER 7.25E+03 3.03E+02 -- -- 5.30E+01 7.49E+00

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

2.78E+01 1.76E+01 3.65E+00 5.01E-01 0.00E+00 4.15E+00 1.53E-01 3.17E-01 0.00E+00 4.69E-01

IRON 8.95E+04 2.72E+04 -- -- 6.16E+02 1.87E+02 4.24E-03 3.79E+02 1.15E+02 4.51E+01 6.83E+00 0.00E+00 5.19E+01 1.37E+01 2.07E+00 0.00E+00 1.58E+01

LEAD 1.81E+04 1.78E+02 -- -- 1.24E+02 1.58E+00

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

8.24E+01 1.07E+01 9.12E+00 1.48E+00 0.00E+00 1.06E+01 8.97E-02 1.92E-01 0.00E+00 2.82E-01

MAGNESIUM 2.91E+04 6.99E+03 -- -- 2.66E+03 6.40E+02 1.06E-03 3.08E+01 7.41E+00 1.47E+01 5.55E-01 0.00E+00 1.52E+01 3.52E+00 1.33E-01 0.00E+00 3.66E+00
MANGANESE 8.36E+03 8.50E+02 -- -- 2.32E+02 2.36E+01 5.87E-02 4.91E+02 4.99E+01 4.21E+00 8.83E+00 0.00E+00 1.30E+01 4.28E-01 8.98E-01 0.00E+00 1.33E+00
MERCURY 1.87E+01 8.30E-01 -- -- 2.77E-01 3.38E-02 1.92E-01 3.59E+00 1.59E-01 9.42E-03 6.46E-02 0.00E+00 7.41E-02 4.18E-04 2.87E-03 0.00E+00 3.29E-03

NICKEL 2.53E+02 3.06E+01 -- -- 2.23E+00 3.19E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

1.03E+01 3.85E+00 1.28E-01 1.85E-01 0.00E+00 3.13E-01 1.54E-02 6.93E-02 0.00E+00 8.47E-02

POTASSIUM 7.91E+03 2.73E+03 -- -- 7.24E+02 2.50E+02 4.24E-03 3.35E+01 1.16E+01 3.99E+00 6.04E-01 0.00E+00 4.59E+00 1.38E+00 2.09E-01 0.00E+00 1.59E+00

SELENIUM 4.92E+01 2.58E+00 -- -- 3.51E+00 1.40E-01

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

2.86E+00 9.42E-01 2.48E-02 5.15E-02 0.00E+00 7.63E-02 1.30E-03 1.70E-02 0.00E+00 1.83E-02

SILVER 3.39E+01 1.59E+00 -- -- 1.37E+00 6.43E-02 5.01E-01 1.70E+01 7.95E-01 1.71E-02 3.06E-01 0.00E+00 3.23E-01 8.00E-04 1.43E-02 0.00E+00 1.51E-02
SODIUM 1.74E+04 2.85E+02 -- -- 2.25E+02 3.68E+00 1.17E-02 2.04E+02 3.34E+00 8.77E+00 3.66E+00 0.00E+00 1.24E+01 1.44E-01 6.00E-02 0.00E+00 2.04E-01

THALLIUM 3.60E+00 9.31E-01 -- -- 2.48E-02 6.41E-03 1.23E-01 4.43E-01 1.15E-01 1.81E-03 7.97E-03 0.00E+00 9.78E-03 4.69E-04 2.06E-03 0.00E+00 2.53E-03

VANADIUM 2.63E+02 4.91E+01 -- -- 1.84E+00 3.44E-01 1.79E-01 4.71E+01 8.79E+00 1.33E-01 8.47E-01 0.00E+00 9.80E-01 2.47E-02 1.58E-01 0.00E+00 1.83E-01

ZINC 6.69E+03 4.75E+02 -- -- 9.83E+01 1.57E+01

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.68E+02 1.38E+02 3.37E+00 3.02E+00 0.00E+00 6.39E+00 2.39E-01 2.48E+00 0.00E+00 2.72E+00

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-26
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses
Dose to Small

Mammal (mg/kg bw-
day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

PAHS

ANTHRACENE 4.10E-02 2.94E-01 -- -- 6.31E-04 4.53E-03 1.54E-04 6.31E-06 4.53E-05 2.07E-05 1.14E-07 0.00E+00 2.08E-05 1.48E-04 8.16E-07 0.00E+00 1.49E-04
BENZO(B)FLUORANTHENE 1.20E-01 3.10E-01 -- -- 9.00E-04 2.32E-03 8.27E-03 9.92E-04 2.56E-03 6.05E-05 1.79E-05 0.00E+00 7.83E-05 1.56E-04 4.61E-05 0.00E+00 2.02E-04
BENZO(K)FLUORANTHENE 6.10E-02 2.98E-01 -- -- 4.57E-04 2.24E-03 8.27E-03 5.04E-04 2.47E-03 3.07E-05 9.08E-06 0.00E+00 3.98E-05 1.50E-04 4.44E-05 0.00E+00 1.95E-04
CHRYSENE 2.40E-01 3.34E-01 -- -- 1.99E-03 2.77E-03 2.77E-03 6.65E-04 9.25E-04 1.21E-04 1.20E-05 0.00E+00 1.33E-04 1.68E-04 1.67E-05 0.00E+00 1.85E-04
FLUORANTHENE 4.90E-01 3.84E-01 -- -- 5.43E-03 4.25E-03 5.07E-04 2.48E-04 1.95E-04 2.47E-04 4.47E-06 0.00E+00 2.51E-04 1.94E-04 3.50E-06 0.00E+00 1.97E-04
PHENANTHRENE 2.80E-01 3.42E-01 -- -- 4.26E-03 5.20E-03 1.58E-04 4.42E-05 5.40E-05 1.41E-04 7.96E-07 0.00E+00 1.42E-04 1.72E-04 9.73E-07 0.00E+00 1.73E-04
PYRENE 4.30E-01 3.72E-01 -- -- 4.95E-03 4.28E-03 4.29E-04 1.84E-04 1.60E-04 2.17E-04 3.32E-06 0.00E+00 2.20E-04 1.87E-04 2.87E-06 0.00E+00 1.90E-04
TOTAL HMW PAH 8.51E-01 8.51E-01 -- -- 8.30E-03 1.16E-02 -- -- -- 4.29E-04 4.22E-05 0.00E+00 4.71E-04 6.62E-04 1.10E-04 0.00E+00 7.72E-04

TOTAL LMW PAH 8.11E-01 8.11E-01 -- -- 1.03E-02 1.40E-02 -- -- -- 4.09E-04 5.38E-06 0.00E+00 4.14E-04 5.14E-04 5.29E-06 0.00E+00 5.19E-04

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 1.99E-01 -- -- 3.26E-03 2.03E-03 1.48E-03 4.74E-04 2.95E-04 1.61E-04 8.52E-06 0.00E+00 1.70E-04 1.00E-04 5.30E-06 0.00E+00 1.06E-04

VOLATILES

ACETOPHENONE 2.00E-01 2.80E-01 -- -- 7.26E-02 1.02E-01 0.00E+00 0.00E+00 0.00E+00 1.01E-04 0.00E+00 0.00E+00 1.01E-04 1.41E-04 0.00E+00 0.00E+00 1.41E-04

Page 2 of 2



Table H-27
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

INORGANICS

CHLORIDE 6.70E+01 3.75E+01 -- -- 6.13E+00 3.43E+00 1.00E+00 6.70E+01 3.75E+01 0.00E+00 1.84E+00 0.00E+00 1.84E+00 0.00E+00 1.03E+00 0.00E+00 1.03E+00
CYANIDE (TOTAL) 6.50E+00 3.52E-01 -- -- 8.67E-02 4.70E-03 1.00E+00 6.50E+00 3.52E-01 0.00E+00 1.79E-01 0.00E+00 1.79E-01 0.00E+00 9.68E-03 0.00E+00 9.68E-03
NITRATE AS N 1.20E+02 3.19E+01 -- -- 1.10E+01 2.92E+00 1.00E+00 1.20E+02 3.19E+01 0.00E+00 3.30E+00 0.00E+00 3.30E+00 0.00E+00 8.78E-01 0.00E+00 8.78E-01
SULFATE 2.60E+02 6.09E+01 -- -- 2.38E+01 5.58E+00 1.00E+00 2.60E+02 6.09E+01 0.00E+00 7.15E+00 0.00E+00 7.15E+00 0.00E+00 1.68E+00 0.00E+00 1.68E+00

METALS

ALUMINUM 1.05E+05 1.58E+04 -- -- 7.23E+02 1.09E+02 7.32E-02 7.69E+03 1.16E+03 0.00E+00 2.11E+02 0.00E+00 2.11E+02 0.00E+00 3.18E+01 0.00E+00 3.18E+01
ANTIMONY 1.60E+02 4.23E+00 -- -- 3.77E+00 9.95E-02 2.12E-04 3.39E-02 8.96E-04 0.00E+00 9.33E-04 0.00E+00 9.33E-04 0.00E+00 2.46E-05 0.00E+00 2.46E-05

ARSENIC 6.79E+02 4.74E+01 -- -- 4.90E+00 4.12E-01
ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil
1.64E+00 1.85E-01 0.00E+00 4.50E-02 0.00E+00 4.50E-02 0.00E+00 5.08E-03 0.00E+00 5.08E-03

BARIUM 2.30E+03 2.30E+02 -- -- 4.44E+01 4.44E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
5.50E+01 1.10E+01 0.00E+00 1.51E+00 0.00E+00 1.51E+00 0.00E+00 3.02E-01 0.00E+00 3.02E-01

BERYLLIUM 1.14E+01 6.50E-01 -- -- 8.43E-02 4.81E-03 2.12E-04 2.42E-03 1.38E-04 0.00E+00 6.65E-05 0.00E+00 6.65E-05 0.00E+00 3.79E-06 0.00E+00 3.79E-06

CADMIUM 4.57E+01 2.80E+00 -- -- 7.25E-01 1.11E-01
ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil
4.17E+00 1.07E+00 0.00E+00 1.15E-01 0.00E+00 1.15E-01 0.00E+00 2.95E-02 0.00E+00 2.95E-02

CALCIUM 7.74E+04 1.20E+04 -- -- 2.35E+04 3.66E+03 1.48E-04 1.15E+01 1.78E+00 0.00E+00 3.15E-01 0.00E+00 3.15E-01 0.00E+00 4.90E-02 0.00E+00 4.90E-02

CHROMIUM 4.41E+02 3.02E+01 -- -- 3.17E+00 2.17E-01
ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil
2.03E+01 2.83E+00 0.00E+00 5.57E-01 0.00E+00 5.57E-01 0.00E+00 7.78E-02 0.00E+00 7.78E-02

COBALT 5.83E+01 1.39E+01 -- -- 4.81E-01 1.14E-01 1.00E-01 5.83E+00 1.39E+00 0.00E+00 1.60E-01 0.00E+00 1.60E-01 0.00E+00 3.81E-02 0.00E+00 3.81E-02

COPPER 7.25E+03 3.03E+02 -- -- 5.30E+01 7.49E+00
ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil
2.78E+01 1.76E+01 0.00E+00 7.65E-01 0.00E+00 7.65E-01 0.00E+00 4.84E-01 0.00E+00 4.84E-01

IRON 8.95E+04 2.72E+04 -- -- 6.16E+02 1.87E+02 4.24E-03 3.79E+02 1.15E+02 0.00E+00 1.04E+01 0.00E+00 1.04E+01 0.00E+00 3.17E+00 0.00E+00 3.17E+00

LEAD 1.81E+04 1.78E+02 -- -- 1.24E+02 1.58E+00

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

8.24E+01 1.07E+01 0.00E+00 2.27E+00 0.00E+00 2.27E+00 0.00E+00 2.93E-01 0.00E+00 2.93E-01

MAGNESIUM 2.91E+04 6.99E+03 -- -- 2.66E+03 6.40E+02 1.06E-03 3.08E+01 7.41E+00 0.00E+00 8.48E-01 0.00E+00 8.48E-01 0.00E+00 2.04E-01 0.00E+00 2.04E-01
MANGANESE 8.36E+03 8.50E+02 -- -- 2.32E+02 2.36E+01 5.87E-02 4.91E+02 4.99E+01 0.00E+00 1.35E+01 0.00E+00 1.35E+01 0.00E+00 1.37E+00 0.00E+00 1.37E+00
MERCURY 1.87E+01 8.30E-01 -- -- 2.77E-01 3.38E-02 1.92E-01 3.59E+00 1.59E-01 0.00E+00 9.87E-02 0.00E+00 9.87E-02 0.00E+00 4.38E-03 0.00E+00 4.38E-03

NICKEL 2.53E+02 3.06E+01 -- -- 2.23E+00 3.19E-01
ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil
1.03E+01 3.85E+00 0.00E+00 2.83E-01 0.00E+00 2.83E-01 0.00E+00 1.06E-01 0.00E+00 1.06E-01

POTASSIUM 7.91E+03 2.73E+03 -- -- 7.24E+02 2.50E+02 4.24E-03 3.35E+01 1.16E+01 0.00E+00 9.22E-01 0.00E+00 9.22E-01 0.00E+00 3.19E-01 0.00E+00 3.19E-01

SELENIUM 4.92E+01 2.58E+00 -- -- 3.51E+00 1.40E-01
ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil
2.86E+00 9.42E-01 0.00E+00 7.86E-02 0.00E+00 7.86E-02 0.00E+00 2.59E-02 0.00E+00 2.59E-02

SILVER 3.39E+01 1.59E+00 -- -- 1.37E+00 6.43E-02 5.01E-01 1.70E+01 7.95E-01 0.00E+00 4.67E-01 0.00E+00 4.67E-01 0.00E+00 2.19E-02 0.00E+00 2.19E-02
SODIUM 1.74E+04 2.85E+02 -- -- 2.25E+02 3.68E+00 1.17E-02 2.04E+02 3.34E+00 0.00E+00 5.60E+00 0.00E+00 5.60E+00 0.00E+00 9.17E-02 0.00E+00 9.17E-02
THALLIUM 3.60E+00 9.31E-01 -- -- 2.48E-02 6.41E-03 1.23E-01 4.43E-01 1.15E-01 0.00E+00 1.22E-02 0.00E+00 1.22E-02 0.00E+00 3.15E-03 0.00E+00 3.15E-03
VANADIUM 2.63E+02 4.91E+01 -- -- 1.84E+00 3.44E-01 1.79E-01 4.71E+01 8.79E+00 0.00E+00 1.29E+00 0.00E+00 1.29E+00 0.00E+00 2.42E-01 0.00E+00 2.42E-01

ZINC 6.69E+03 4.75E+02 -- -- 9.83E+01 1.57E+01

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.68E+02 1.38E+02 0.00E+00 4.61E+00 0.00E+00 4.61E+00 0.00E+00 3.79E+00 0.00E+00 3.79E+00

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-27
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the In-Town East Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

PAHS

ANTHRACENE 4.10E-02 2.94E-01 -- -- 6.31E-04 4.53E-03 1.54E-04 6.31E-06 4.53E-05 0.00E+00 1.74E-07 0.00E+00 1.74E-07 0.00E+00 1.25E-06 0.00E+00 1.25E-06
BENZO(B)FLUORANTHENE 1.20E-01 3.10E-01 -- -- 9.00E-04 2.32E-03 8.27E-03 9.92E-04 2.56E-03 0.00E+00 2.73E-05 0.00E+00 2.73E-05 0.00E+00 7.05E-05 0.00E+00 7.05E-05
BENZO(K)FLUORANTHENE 6.10E-02 2.98E-01 -- -- 4.57E-04 2.24E-03 8.27E-03 5.04E-04 2.47E-03 0.00E+00 1.39E-05 0.00E+00 1.39E-05 0.00E+00 6.78E-05 0.00E+00 6.78E-05
CHRYSENE 2.40E-01 3.34E-01 -- -- 1.99E-03 2.77E-03 2.77E-03 6.65E-04 9.25E-04 0.00E+00 1.83E-05 0.00E+00 1.83E-05 0.00E+00 2.54E-05 0.00E+00 2.54E-05
FLUORANTHENE 4.90E-01 3.84E-01 -- -- 5.43E-03 4.25E-03 5.07E-04 2.48E-04 1.95E-04 0.00E+00 6.83E-06 0.00E+00 6.83E-06 0.00E+00 5.35E-06 0.00E+00 5.35E-06
PHENANTHRENE 2.80E-01 3.42E-01 -- -- 4.26E-03 5.20E-03 1.58E-04 4.42E-05 5.40E-05 0.00E+00 1.22E-06 0.00E+00 1.22E-06 0.00E+00 1.49E-06 0.00E+00 1.49E-06
PYRENE 4.30E-01 3.72E-01 -- -- 4.95E-03 4.28E-03 4.29E-04 1.84E-04 1.60E-04 0.00E+00 5.07E-06 0.00E+00 5.07E-06 0.00E+00 4.39E-06 0.00E+00 4.39E-06
TOTAL HMW PAH 8.51E-01 8.51E-01 -- -- 8.30E-03 1.16E-02 -- -- -- 0.00E+00 6.45E-05 0.00E+00 6.45E-05 0.00E+00 1.68E-04 0.00E+00 1.68E-04
TOTAL LMW PAH 8.11E-01 8.11E-01 -- -- 1.03E-02 1.40E-02 -- -- -- 0.00E+00 8.22E-06 0.00E+00 8.22E-06 0.00E+00 8.09E-06 0.00E+00 8.09E-06

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 3.20E-01 1.99E-01 -- -- 3.26E-03 2.03E-03 1.48E-03 4.74E-04 2.95E-04 0.00E+00 1.30E-05 0.00E+00 1.30E-05 0.00E+00 8.10E-06 0.00E+00 8.10E-06

VOLATILES

ACETOPHENONE 2.00E-01 2.80E-01 -- -- 7.26E-02 1.02E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table H-28
Wildlife Exposure Modeling of Doses to Herbivorous Mammals (Pocket Gopher) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 6.55E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.20E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

OCDD 1.30E+01 6.37E+00 -- -- 1.25E-04 1.63E-03 7.96E-04 8.51E-02 1.38E-04 0.00E+00 8.52E-02 4.17E-02 6.77E-05 0.00E+00 4.18E-02
WHOTEQ 1.44E-03 9.28E-04 -- -- 1.08E-02 1.56E-05 1.00E-05 9.42E-06 1.32E-06 0.00E+00 1.07E-05 6.08E-06 8.52E-07 0.00E+00 6.93E-06

METALS

ALUMINUM 4.82E+04 2.20E+04 1.65E+00 3.98E-01 4.00E-03 1.93E+02 8.79E+01 3.15E+02 1.64E+01 1.98E-01 3.32E+02 1.44E+02 7.47E+00 4.77E-02 1.51E+02
ANTIMONY 2.20E+00 6.41E+00 -- -- 2.00E-01 4.40E-01 1.28E+00 1.44E-02 3.74E-02 0.00E+00 5.18E-02 4.19E-02 1.09E-01 0.00E+00 1.51E-01

ARSENIC 9.57E+01 2.37E+01 1.81E-02 7.38E-03
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
1.79E+00 8.14E-01 6.26E-01 1.52E-01 2.17E-03 7.80E-01 1.55E-01 6.92E-02 8.85E-04 2.25E-01

BARIUM 2.02E+03 4.05E+02 1.13E-01 9.58E-02 1.50E-01 3.03E+02 6.07E+01 1.32E+01 2.58E+01 1.36E-02 3.90E+01 2.65E+00 5.16E+00 1.15E-02 7.82E+00
BERYLLIUM 1.30E+00 7.26E-01 -- -- 1.00E-02 1.30E-02 7.26E-03 8.51E-03 1.11E-03 0.00E+00 9.61E-03 4.75E-03 6.17E-04 0.00E+00 5.37E-03
BROMIDE -- -- 2.20E-01 1.90E-01 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.64E-02 2.64E-02 0.00E+00 0.00E+00 2.28E-02 2.28E-02

CADMIUM 4.90E-01 4.86E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
4.21E-01 4.19E-01 3.21E-03 3.58E-02 0.00E+00 3.90E-02 3.18E-03 3.56E-02 0.00E+00 3.88E-02

CALCIUM 2.63E+04 9.58E+03 8.39E+01 6.66E+01 3.50E+00 9.21E+04 3.35E+04 1.72E+02 7.82E+03 1.01E+01 8.01E+03 6.27E+01 2.85E+03 8.00E+00 2.92E+03
CHROMIUM 7.02E+01 2.55E+01 3.70E-03 2.41E-03 7.50E-03 5.27E-01 1.91E-01 4.59E-01 4.48E-02 4.44E-04 5.05E-01 1.67E-01 1.62E-02 2.90E-04 1.83E-01
COBALT 4.21E+01 2.38E+01 1.90E-03 7.03E-03 2.00E-02 8.42E-01 4.77E-01 2.76E-01 7.16E-02 2.28E-04 3.47E-01 1.56E-01 4.05E-02 8.43E-04 1.97E-01

COPPER 4.24E+02 6.85E+01 6.80E-03 3.05E-03
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
2.12E+01 2.12E+01 2.78E+00 1.80E+00 8.16E-04 4.58E+00 4.48E-01 1.80E+00 3.66E-04 2.25E+00

IRON 8.67E+04 3.67E+04 1.57E+00 3.86E-01 4.00E-03 3.47E+02 1.47E+02 5.67E+02 2.95E+01 1.88E-01 5.97E+02 2.40E+02 1.25E+01 4.63E-02 2.53E+02

LEAD 8.28E+01 2.21E+01 1.10E-03 1.80E-03
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
3.16E+00 1.50E+00 5.42E-01 2.68E-01 1.32E-04 8.10E-01 1.45E-01 1.28E-01 2.16E-04 2.73E-01

MAGNESIUM 4.62E+04 1.41E+04 2.21E+01 1.77E+01 1.00E+00 4.62E+04 1.41E+04 3.02E+02 3.93E+03 2.65E+00 4.23E+03 9.21E+01 1.20E+03 2.12E+00 1.29E+03
MANGANESE 2.54E+03 8.98E+02 6.67E-02 3.69E-02 2.50E-01 6.35E+02 2.24E+02 1.66E+01 5.40E+01 8.00E-03 7.06E+01 5.88E+00 1.91E+01 4.42E-03 2.50E+01

MERCURY 3.70E-01 1.04E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
2.15E-01 1.08E-01 2.42E-03 1.83E-02 0.00E+00 2.07E-02 6.83E-04 9.18E-03 0.00E+00 9.86E-03

NICKEL 2.66E+02 7.95E+01 1.56E-02 4.63E-03
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
7.05E+00 2.85E+00 1.74E+00 5.99E-01 1.87E-03 2.34E+00 5.20E-01 2.43E-01 5.55E-04 7.63E-01

POTASSIUM 2.82E+03 1.14E+03 5.92E+00 3.17E+00 1.00E+00 2.82E+03 1.14E+03 1.85E+01 2.40E+02 7.10E-01 2.59E+02 7.43E+00 9.65E+01 3.80E-01 1.04E+02

SELENIUM 1.60E+00 9.84E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
8.53E-01 4.99E-01 1.05E-02 7.25E-02 0.00E+00 8.30E-02 6.44E-03 4.24E-02 0.00E+00 4.88E-02

SILVER 2.60E+00 1.41E+00 -- -- 4.00E-01 1.04E+00 5.62E-01 1.70E-02 8.84E-02 0.00E+00 1.05E-01 9.20E-03 4.78E-02 0.00E+00 5.70E-02
SODIUM 5.99E+03 9.23E+02 6.05E+01 5.09E+01 7.50E-02 4.49E+02 6.93E+01 3.92E+01 3.82E+01 7.26E+00 8.47E+01 6.04E+00 5.89E+00 6.10E+00 1.80E+01
THALLIUM 5.90E+00 2.38E+00 -- -- 4.00E-03 2.36E-02 9.51E-03 3.86E-02 2.01E-03 0.00E+00 4.06E-02 1.56E-02 8.08E-04 0.00E+00 1.64E-02
VANADIUM 2.34E+02 7.91E+01 1.67E-02 8.99E-03 5.50E-03 1.29E+00 4.35E-01 1.53E+00 1.09E-01 2.00E-03 1.64E+00 5.18E-01 3.70E-02 1.08E-03 5.56E-01

ZINC 2.43E+02 1.04E+02 1.95E-02 7.15E-03
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.02E+02 6.37E+01 1.59E+00 8.66E+00 2.34E-03 1.03E+01 6.83E-01 5.41E+00 8.58E-04 6.10E+00

Mean Case Scenario Doses

Chemical

Maximum Case Scenario DosesSoil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake
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Table H-29
Wildlife Exposure Modeling of Doses to Herbivorous Birds (Song Sparrow) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.07E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.11E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.99E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food Item
Tissue Concentration

(mg/kg dry wt.)

Mean Food Item
Tissue Concentration

(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

OCDD 1.30E+01 6.37E+00 -- -- 1.25E-04 1.63E-03 7.96E-04 2.69E-01 3.43E-04 0.00E+00 2.69E-01 1.32E-01 1.68E-04 0.00E+00 1.32E-01
WHOTEQ 1.44E-03 9.28E-04 -- -- 1.08E-02 1.56E-05 1.00E-05 2.98E-05 3.28E-06 0.00E+00 3.31E-05 1.92E-05 2.12E-06 0.00E+00 2.13E-05

METALS

ALUMINUM 4.82E+04 2.20E+04 1.65E+00 3.98E-01 4.00E-03 1.93E+02 8.79E+01 9.97E+02 4.07E+01 3.28E-01 1.04E+03 4.54E+02 1.85E+01 7.92E-02 4.73E+02
ANTIMONY 2.20E+00 6.41E+00 -- -- 2.00E-01 4.40E-01 1.28E+00 4.55E-02 9.28E-02 0.00E+00 1.38E-01 1.33E-01 2.70E-01 0.00E+00 4.03E-01

ARSENIC 9.57E+01 2.37E+01 1.81E-02 7.38E-03
ln(dry plant conc, mg/kg) = (-

1.992+0.564*ln(soil conc))
1.79E+00 8.14E-01 1.98E+00 3.77E-01 3.60E-03 2.36E+00 4.91E-01 1.72E-01 1.47E-03 6.64E-01

BARIUM 2.02E+03 4.05E+02 1.13E-01 9.58E-02 1.50E-01 3.03E+02 6.07E+01 4.18E+01 6.39E+01 2.25E-02 1.06E+02 8.37E+00 1.28E+01 1.91E-02 2.12E+01
BERYLLIUM 1.30E+00 7.26E-01 -- -- 1.00E-02 1.30E-02 7.26E-03 2.69E-02 2.74E-03 0.00E+00 2.96E-02 1.50E-02 1.53E-03 0.00E+00 1.65E-02
BROMIDE -- -- 2.20E-01 1.90E-01 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.38E-02 4.38E-02 0.00E+00 0.00E+00 3.78E-02 3.78E-02

CADMIUM 4.90E-01 4.86E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.476+0.546*ln(soil conc))
4.21E-01 4.19E-01 1.01E-02 8.88E-02 0.00E+00 9.89E-02 1.00E-02 8.84E-02 0.00E+00 9.84E-02

CALCIUM 2.63E+04 9.58E+03 8.39E+01 6.66E+01 3.50E+00 9.21E+04 3.35E+04 5.44E+02 1.94E+04 1.67E+01 2.00E+04 1.98E+02 7.07E+03 1.33E+01 7.28E+03
CHROMIUM 7.02E+01 2.55E+01 3.70E-03 2.41E-03 7.50E-03 5.27E-01 1.91E-01 1.45E+00 1.11E-01 7.36E-04 1.56E+00 5.27E-01 4.03E-02 4.80E-04 5.68E-01
COBALT 4.21E+01 2.38E+01 1.90E-03 7.03E-03 2.00E-02 8.42E-01 4.77E-01 8.71E-01 1.78E-01 3.78E-04 1.05E+00 4.93E-01 1.01E-01 1.40E-03 5.95E-01

COPPER 4.24E+02 6.85E+01 6.80E-03 3.05E-03
ln(dry plant conc, mg/kg) =

(0.669+0.394*ln(soil conc))
2.12E+01 2.12E+01 8.77E+00 4.47E+00 1.35E-03 1.32E+01 1.42E+00 4.47E+00 6.07E-04 5.88E+00

IRON 8.67E+04 3.67E+04 1.57E+00 3.86E-01 4.00E-03 3.47E+02 1.47E+02 1.79E+03 7.32E+01 3.12E-01 1.87E+03 7.58E+02 3.09E+01 7.68E-02 7.89E+02

LEAD 8.28E+01 2.21E+01 1.10E-03 1.80E-03
ln(dry plant conc, mg/kg) = (-

1.328+0.561*ln(soil conc))
3.16E+00 1.50E+00 1.71E+00 6.66E-01 2.19E-04 2.38E+00 4.57E-01 3.17E-01 3.58E-04 7.75E-01

MAGNESIUM 4.62E+04 1.41E+04 2.21E+01 1.77E+01 1.00E+00 4.62E+04 1.41E+04 9.55E+02 9.75E+03 4.40E+00 1.07E+04 2.91E+02 2.97E+03 3.51E+00 3.26E+03
MANGANESE 2.54E+03 8.98E+02 6.67E-02 3.69E-02 2.50E-01 6.35E+02 2.24E+02 5.25E+01 1.34E+02 1.33E-02 1.87E+02 1.86E+01 4.74E+01 7.33E-03 6.59E+01

MERCURY 3.70E-01 1.04E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.996+0.544*ln(soil conc))
2.15E-01 1.08E-01 7.65E-03 4.54E-02 0.00E+00 5.30E-02 2.16E-03 2.28E-02 0.00E+00 2.49E-02

NICKEL 2.66E+02 7.95E+01 1.56E-02 4.63E-03
ln(dry plant conc, mg/kg) = (-

2.224+0.748*ln(soil conc))
7.05E+00 2.85E+00 5.50E+00 1.49E+00 3.10E-03 6.99E+00 1.64E+00 6.02E-01 9.20E-04 2.25E+00

POTASSIUM 2.82E+03 1.14E+03 5.92E+00 3.17E+00 1.00E+00 2.82E+03 1.14E+03 5.83E+01 5.95E+02 1.18E+00 6.55E+02 2.35E+01 2.40E+02 6.30E-01 2.64E+02

SELENIUM 1.60E+00 9.84E-01 -- --
ln(dry plant conc, mg/kg) = (-

0.678+1.104*ln(soil conc))
8.53E-01 4.99E-01 3.31E-02 1.80E-01 0.00E+00 2.13E-01 2.04E-02 1.05E-01 0.00E+00 1.26E-01

SILVER 2.60E+00 1.41E+00 -- -- 4.00E-01 1.04E+00 5.62E-01 5.38E-02 2.19E-01 0.00E+00 2.73E-01 2.91E-02 1.19E-01 0.00E+00 1.48E-01
SODIUM 5.99E+03 9.23E+02 6.05E+01 5.09E+01 7.50E-02 4.49E+02 6.93E+01 1.24E+02 9.48E+01 1.20E+01 2.31E+02 1.91E+01 1.46E+01 1.01E+01 4.38E+01
THALLIUM 5.90E+00 2.38E+00 -- -- 4.00E-03 2.36E-02 9.51E-03 1.22E-01 4.98E-03 0.00E+00 1.27E-01 4.91E-02 2.01E-03 0.00E+00 5.12E-02
VANADIUM 2.34E+02 7.91E+01 1.67E-02 8.99E-03 5.50E-03 1.29E+00 4.35E-01 4.84E+00 2.72E-01 3.32E-03 5.11E+00 1.64E+00 9.18E-02 1.79E-03 1.73E+00

ZINC 2.43E+02 1.04E+02 1.95E-02 7.15E-03
ln(dry plant conc, mg/kg) =

(1.575+0.555*ln(soil conc))
1.02E+02 6.37E+01 5.02E+00 2.15E+01 3.88E-03 2.65E+01 2.16E+00 1.34E+01 1.42E-03 1.56E+01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Plant) Uptake Maximum Case Scenario Doses
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Table H-30
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

OCDD 1.30E+01 6.37E+00 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
7.10E+02 3.05E+02 3.43E-01 1.44E+02 0.00E+00 1.44E+02 1.68E-01 6.20E+01 0.00E+00 6.22E+01

WHOTEQ 1.44E-03 9.28E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.50E-02 8.92E-03 3.80E-05 3.04E-03 0.00E+00 3.08E-03 2.45E-05 1.81E-03 0.00E+00 1.83E-03

METALS
ALUMINUM 4.82E+04 2.20E+04 1.65E+00 3.98E-01 1.18E-01 5.69E+03 2.59E+03 1.27E+03 1.15E+03 2.81E-01 2.43E+03 5.80E+02 5.26E+02 6.76E-02 1.11E+03
ANTIMONY 2.20E+00 6.41E+00 -- -- 1.00E+00 2.20E+00 6.41E+00 5.81E-02 4.47E-01 0.00E+00 5.05E-01 1.69E-01 1.30E+00 0.00E+00 1.47E+00

ARSENIC 9.57E+01 2.37E+01 1.81E-02 7.38E-03
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
6.04E+00 2.26E+00 2.53E+00 1.23E+00 3.08E-03 3.76E+00 6.26E-01 4.59E-01 1.25E-03 1.09E+00

BARIUM 2.02E+03 4.05E+02 1.13E-01 9.58E-02 1.60E-01 3.23E+02 6.47E+01 5.33E+01 6.56E+01 1.92E-02 1.19E+02 1.07E+01 1.31E+01 1.63E-02 2.38E+01
BERYLLIUM 1.30E+00 7.26E-01 -- -- 1.18E+00 1.53E+00 8.56E-01 3.43E-02 3.11E-01 0.00E+00 3.46E-01 1.92E-02 1.74E-01 0.00E+00 1.93E-01
BROMIDE -- -- 2.20E-01 1.90E-01 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.74E-02 3.74E-02 0.00E+00 0.00E+00 3.23E-02 3.23E-02

CADMIUM 4.90E-01 4.86E-01 -- --
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
4.70E+00 4.66E+00 1.29E-02 9.53E-01 0.00E+00 9.66E-01 1.28E-02 9.47E-01 0.00E+00 9.60E-01

CALCIUM 2.63E+04 9.58E+03 8.39E+01 6.66E+01 1.00E+00 2.63E+04 9.58E+03 6.94E+02 5.34E+03 1.43E+01 6.05E+03 2.53E+02 1.94E+03 1.13E+01 2.21E+03

CHROMIUM 7.02E+01 2.55E+01 3.70E-03 2.41E-03
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
8.99E+00 9.62E+00 1.85E+00 1.83E+00 6.29E-04 3.68E+00 6.73E-01 1.95E+00 4.10E-04 2.63E+00

COBALT 4.21E+01 2.38E+01 1.90E-03 7.03E-03 2.91E-01 1.23E+01 6.93E+00 1.11E+00 2.49E+00 3.23E-04 3.60E+00 6.29E-01 1.41E+00 1.19E-03 2.04E+00

COPPER 4.24E+02 6.85E+01 6.80E-03 3.05E-03
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
2.64E+01 1.63E+01 1.12E+01 5.35E+00 1.16E-03 1.65E+01 1.81E+00 3.31E+00 5.19E-04 5.12E+00

IRON 8.67E+04 3.67E+04 1.57E+00 3.86E-01 7.80E-02 6.76E+03 2.86E+03 2.29E+03 1.37E+03 2.67E-01 3.66E+03 9.68E+02 5.81E+02 6.56E-02 1.55E+03

LEAD 8.28E+01 2.21E+01 1.10E-03 1.80E-03
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
2.84E+01 9.77E+00 2.19E+00 5.76E+00 1.87E-04 7.95E+00 5.83E-01 1.98E+00 3.06E-04 2.57E+00

MAGNESIUM 4.62E+04 1.41E+04 2.21E+01 1.77E+01 5.30E-01 2.45E+04 7.46E+03 1.22E+03 4.97E+03 3.76E+00 6.19E+03 3.71E+02 1.51E+03 3.00E+00 1.89E+03

MANGANESE 2.54E+03 8.98E+02 6.67E-02 3.69E-02
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
9.35E+01 4.60E+01 6.70E+01 1.90E+01 1.13E-02 8.60E+01 2.37E+01 9.34E+00 6.26E-03 3.30E+01

MERCURY 3.70E-01 1.04E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
4.49E-01 3.86E-01 9.76E-03 9.11E-02 0.00E+00 1.01E-01 2.75E-03 7.85E-02 0.00E+00 8.12E-02

NICKEL 2.66E+02 7.95E+01 1.56E-02 4.63E-03
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
9.26E+00 1.27E+01 7.02E+00 1.88E+00 2.65E-03 8.90E+00 2.10E+00 2.57E+00 7.86E-04 4.67E+00

POTASSIUM 2.82E+03 1.14E+03 5.92E+00 3.17E+00 1.00E+00 2.82E+03 1.14E+03 7.44E+01 5.72E+02 1.01E+00 6.48E+02 3.00E+01 2.31E+02 5.38E-01 2.61E+02

SELENIUM 1.60E+00 9.84E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
1.31E+00 9.17E-01 4.22E-02 2.66E-01 0.00E+00 3.08E-01 2.60E-02 1.86E-01 0.00E+00 2.12E-01

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-30
Wildlife Exposure Modeling of Doses to Insectivorous Mammals (Desert Shrew) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 2.64E-02 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.03E-01 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 1.70E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

SILVER 2.60E+00 1.41E+00 -- -- 1.53E+01 3.98E+01 2.15E+01 6.86E-02 8.08E+00 0.00E+00 8.14E+00 3.71E-02 4.37E+00 0.00E+00 4.40E+00
SODIUM 5.99E+03 9.23E+02 6.05E+01 5.09E+01 1.00E+00 5.99E+03 9.23E+02 1.58E+02 1.22E+03 1.03E+01 1.38E+03 2.44E+01 1.87E+02 8.65E+00 2.20E+02
THALLIUM 5.90E+00 2.38E+00 -- -- 1.00E+00 5.90E+00 2.38E+00 1.56E-01 1.20E+00 0.00E+00 1.35E+00 6.27E-02 4.82E-01 0.00E+00 5.45E-01
VANADIUM 2.34E+02 7.91E+01 1.67E-02 8.99E-03 8.80E-01 2.06E+02 6.96E+01 6.18E+00 4.18E+01 2.84E-03 4.80E+01 2.09E+00 1.41E+01 1.53E-03 1.62E+01

ZINC 2.43E+02 1.04E+02 1.95E-02 7.15E-03
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
5.18E+02 3.93E+02 6.41E+00 1.05E+02 3.32E-03 1.12E+02 2.75E+00 7.97E+01 1.22E-03 8.25E+01
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Table H-31
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

OCDD 1.30E+01 6.37E+00 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
7.10E+02 3.05E+02 9.73E-02 5.71E+01 0.00E+00 5.72E+01 4.77E-02 2.46E+01 0.00E+00 2.46E+01

WHOTEQ 1.44E-03 9.28E-04 -- --
ln(dry worm conc, mg/kg) =

(3.533+1.182*LN(soil conc))
1.50E-02 8.92E-03 1.08E-05 1.21E-03 0.00E+00 1.22E-03 6.95E-06 7.18E-04 0.00E+00 7.25E-04

METALS
ALUMINUM 4.82E+04 2.20E+04 1.65E+00 3.98E-01 1.18E-01 5.69E+03 2.59E+03 3.61E+02 4.58E+02 1.45E+00 8.20E+02 1.64E+02 2.09E+02 3.50E-01 3.73E+02
ANTIMONY 2.20E+00 6.41E+00 -- -- 1.00E+00 2.20E+00 6.41E+00 1.65E-02 1.77E-01 0.00E+00 1.94E-01 4.80E-02 5.16E-01 0.00E+00 5.64E-01

ARSENIC 9.57E+01 2.37E+01 1.81E-02 7.38E-03
ln(dry worm conc, mg/kg) = (-

1.421+0.706*ln(soil conc))
6.04E+00 2.26E+00 7.16E-01 4.87E-01 1.59E-02 1.22E+00 1.78E-01 1.82E-01 6.49E-03 3.66E-01

BARIUM 2.02E+03 4.05E+02 1.13E-01 9.58E-02 1.60E-01 3.23E+02 6.47E+01 1.51E+01 2.60E+01 9.94E-02 4.12E+01 3.03E+00 5.21E+00 8.43E-02 8.33E+00
BERYLLIUM 1.30E+00 7.26E-01 -- -- 1.18E+00 1.53E+00 8.56E-01 9.73E-03 1.23E-01 0.00E+00 1.33E-01 5.43E-03 6.89E-02 0.00E+00 7.44E-02
BROMIDE -- -- 2.20E-01 1.90E-01 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.94E-01 1.94E-01 0.00E+00 0.00E+00 1.67E-01 1.67E-01

CADMIUM 4.90E-01 4.86E-01 -- --
ln(dry worm conc, mg/kg) =

(2.114+0.795*ln(soil conc))
4.70E+00 4.66E+00 3.67E-03 3.78E-01 0.00E+00 3.82E-01 3.64E-03 3.75E-01 0.00E+00 3.79E-01

CALCIUM 2.63E+04 9.58E+03 8.39E+01 6.66E+01 1.00E+00 2.63E+04 9.58E+03 1.97E+02 2.12E+03 7.38E+01 2.39E+03 7.17E+01 7.71E+02 5.86E+01 9.01E+02

CHROMIUM 7.02E+01 2.55E+01 3.70E-03 2.41E-03
ln(dry worm conc, mg/kg) =

(2.481+-0.067*ln(soil conc))
8.99E+00 9.62E+00 5.26E-01 7.24E-01 3.26E-03 1.25E+00 1.91E-01 7.75E-01 2.12E-03 9.68E-01

COBALT 4.21E+01 2.38E+01 1.90E-03 7.03E-03 2.91E-01 1.23E+01 6.93E+00 3.15E-01 9.86E-01 1.67E-03 1.30E+00 1.78E-01 5.58E-01 6.19E-03 7.43E-01

COPPER 4.24E+02 6.85E+01 6.80E-03 3.05E-03
ln(dry worm conc, mg/kg) =

(1.675+0.264*ln(soil conc))
2.64E+01 1.63E+01 3.17E+00 2.12E+00 5.98E-03 5.30E+00 5.13E-01 1.31E+00 2.68E-03 1.83E+00

IRON 8.67E+04 3.67E+04 1.57E+00 3.86E-01 7.80E-02 6.76E+03 2.86E+03 6.49E+02 5.44E+02 1.38E+00 1.19E+03 2.75E+02 2.30E+02 3.40E-01 5.05E+02

LEAD 8.28E+01 2.21E+01 1.10E-03 1.80E-03
ln(dry worm conc, mg/kg) = (-

0.218+0.807*ln(soil conc))
2.84E+01 9.77E+00 6.20E-01 2.29E+00 9.68E-04 2.91E+00 1.65E-01 7.87E-01 1.58E-03 9.54E-01

MAGNESIUM 4.62E+04 1.41E+04 2.21E+01 1.77E+01 5.30E-01 2.45E+04 7.46E+03 3.46E+02 1.97E+03 1.94E+01 2.34E+03 1.05E+02 6.00E+02 1.55E+01 7.21E+02

MANGANESE 2.54E+03 8.98E+02 6.67E-02 3.69E-02
ln(dry worm conc, mg/kg) = (-

0.809+0.682*ln(soil conc))
9.35E+01 4.60E+01 1.90E+01 7.53E+00 5.87E-02 2.66E+01 6.72E+00 3.70E+00 3.24E-02 1.05E+01

MERCURY 3.70E-01 1.04E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.684+0.118*ln(soil conc))
4.49E-01 3.86E-01 2.77E-03 3.61E-02 0.00E+00 3.89E-02 7.81E-04 3.11E-02 0.00E+00 3.19E-02

NICKEL 2.66E+02 7.95E+01 1.56E-02 4.63E-03
ln(dry worm conc, mg/kg) =

(3.677-0.26*ln(soil conc))
9.26E+00 1.27E+01 1.99E+00 7.45E-01 1.37E-02 2.75E+00 5.95E-01 1.02E+00 4.07E-03 1.62E+00

POTASSIUM 2.82E+03 1.14E+03 5.92E+00 3.17E+00 1.00E+00 2.82E+03 1.14E+03 2.11E+01 2.27E+02 5.21E+00 2.53E+02 8.50E+00 9.14E+01 2.79E+00 1.03E+02

SELENIUM 1.60E+00 9.84E-01 -- --
ln(dry worm conc, mg/kg) = (-

0.075+0.733*ln(soil conc))
1.31E+00 9.17E-01 1.20E-02 1.05E-01 0.00E+00 1.17E-01 7.37E-03 7.38E-02 0.00E+00 8.12E-02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses
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Table H-31
Wildlife Exposure Modeling of Doses to Insectivorous Birds (Greater Roadrunner) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 7.49E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 8.05E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 8.80E-01 L/kg-day

Maximum Mean Maximum Mean BAF/Equation (mg/kg dry
wt. to mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Insect/Worm) Uptake Maximum Case Scenario Doses

SILVER 2.60E+00 1.41E+00 -- -- 1.53E+01 3.98E+01 2.15E+01 1.95E-02 3.20E+00 0.00E+00 3.22E+00 1.05E-02 1.73E+00 0.00E+00 1.74E+00
SODIUM 5.99E+03 9.23E+02 6.05E+01 5.09E+01 1.00E+00 5.99E+03 9.23E+02 4.48E+01 4.82E+02 5.32E+01 5.80E+02 6.91E+00 7.43E+01 4.48E+01 1.26E+02
THALLIUM 5.90E+00 2.38E+00 -- -- 1.00E+00 5.90E+00 2.38E+00 4.42E-02 4.75E-01 0.00E+00 5.19E-01 1.78E-02 1.91E-01 0.00E+00 2.09E-01
VANADIUM 2.34E+02 7.91E+01 1.67E-02 8.99E-03 8.80E-01 2.06E+02 6.96E+01 1.75E+00 1.66E+01 1.47E-02 1.83E+01 5.92E-01 5.61E+00 7.91E-03 6.21E+00

ZINC 2.43E+02 1.04E+02 1.95E-02 7.15E-03
ln(dry worm conc, mg/kg) =

(4.449+0.328*ln(soil conc))
5.18E+02 3.93E+02 1.82E+00 4.17E+01 1.72E-02 4.36E+01 7.81E-01 3.16E+01 6.29E-03 3.24E+01
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Table H-32
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

OCDD 1.30E+01 6.37E+00 -- -- 8.52E-02 4.18E-02 1.68E+01 2.18E+02 1.07E+02 6.55E-03 3.93E+00 0.00E+00 3.94E+00 3.21E-03 1.93E+00 0.00E+00 1.93E+00
WHOTEQ 1.44E-03 9.28E-04 -- -- 1.07E-05 6.93E-06 7.52E-03 1.08E-05 6.98E-06 0.00E+00 1.95E-07 8.06E-07 1.00E-06 0.00E+00 1.26E-07 5.20E-07 6.45E-07

METALS

ALUMINUM 4.82E+04 2.20E+04 1.65E+00 3.98E-01 3.32E+02 1.51E+02 7.32E-02 3.53E+03 1.61E+03 2.43E+01 6.35E+01 1.24E-01 8.79E+01 1.11E+01 2.89E+01 2.98E-02 4.00E+01
ANTIMONY 2.20E+00 6.41E+00 -- -- 5.18E-02 1.51E-01 2.12E-04 4.66E-04 1.36E-03 1.11E-03 8.40E-06 0.00E+00 1.12E-03 3.23E-03 2.45E-05 0.00E+00 3.25E-03

ARSENIC 9.57E+01 2.37E+01 1.81E-02 7.38E-03 7.80E-01 2.25E-01

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

3.29E-01 1.05E-01 4.82E-02 5.92E-03 1.36E-03 5.55E-02 1.20E-02 1.89E-03 5.53E-04 1.44E-02

BARIUM 2.02E+03 4.05E+02 1.13E-01 9.58E-02 3.90E+01 7.82E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
5.02E+01 1.63E+01 1.02E+00 9.03E-01 8.48E-03 1.93E+00 2.04E-01 2.93E-01 7.18E-03 5.04E-01

BERYLLIUM 1.30E+00 7.26E-01 -- -- 9.61E-03 5.37E-03 2.12E-04 2.76E-04 1.54E-04 6.55E-04 4.96E-06 0.00E+00 6.60E-04 3.66E-04 2.77E-06 0.00E+00 3.69E-04
BROMIDE -- -- 2.20E-01 1.90E-01 -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.65E-02 1.65E-02 0.00E+00 0.00E+00 1.43E-02 1.43E-02

CADMIUM 4.90E-01 4.86E-01 -- -- 3.90E-02 3.88E-02

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

4.59E-01 4.58E-01 2.47E-04 8.27E-03 0.00E+00 8.52E-03 2.45E-04 8.24E-03 0.00E+00 8.48E-03

CALCIUM 2.63E+04 9.58E+03 8.39E+01 6.66E+01 8.01E+03 2.92E+03 1.48E-04 3.89E+00 1.42E+00 1.33E+01 7.01E-02 6.29E+00 1.96E+01 4.83E+00 2.55E-02 5.00E+00 9.85E+00

CHROMIUM 7.02E+01 2.55E+01 3.70E-03 2.41E-03 5.05E-01 1.83E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

5.26E+00 2.50E+00 3.54E-02 9.46E-02 2.78E-04 1.30E-01 1.28E-02 4.50E-02 1.81E-04 5.80E-02

COBALT 4.21E+01 2.38E+01 1.90E-03 7.03E-03 3.47E-01 1.97E-01 1.00E-01 4.21E+00 2.38E+00 2.12E-02 7.58E-02 1.43E-04 9.71E-02 1.20E-02 4.29E-02 5.27E-04 5.54E-02

COPPER 4.24E+02 6.85E+01 6.80E-03 3.05E-03 4.58E+00 2.25E+00

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

1.85E+01 1.42E+01 2.14E-01 3.32E-01 5.10E-04 5.46E-01 3.45E-02 2.55E-01 2.29E-04 2.90E-01

IRON 8.67E+04 3.67E+04 1.57E+00 3.86E-01 5.97E+02 2.53E+02 4.24E-03 3.68E+02 1.55E+02 4.37E+01 6.62E+00 1.18E-01 5.04E+01 1.85E+01 2.80E+00 2.90E-02 2.13E+01

LEAD 8.28E+01 2.21E+01 1.10E-03 1.80E-03 8.10E-01 2.73E-01

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

7.61E+00 4.24E+00 4.17E-02 1.37E-01 8.25E-05 1.79E-01 1.11E-02 7.63E-02 1.35E-04 8.76E-02

MAGNESIUM 4.62E+04 1.41E+04 2.21E+01 1.77E+01 4.23E+03 1.29E+03 1.06E-03 4.90E+01 1.49E+01 2.33E+01 8.81E-01 1.66E+00 2.58E+01 7.09E+00 2.68E-01 1.32E+00 8.68E+00
MANGANESE 2.54E+03 8.98E+02 6.67E-02 3.69E-02 7.06E+01 2.50E+01 5.87E-02 1.49E+02 5.27E+01 1.28E+00 2.68E+00 5.00E-03 3.97E+00 4.52E-01 9.49E-01 2.76E-03 1.40E+00
MERCURY 3.70E-01 1.04E-01 -- -- 2.07E-02 9.86E-03 1.92E-01 7.10E-02 2.00E-02 1.86E-04 1.28E-03 0.00E+00 1.47E-03 5.26E-05 3.61E-04 0.00E+00 4.13E-04

NICKEL 2.66E+02 7.95E+01 1.56E-02 4.63E-03 2.34E+00 7.63E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

1.05E+01 6.00E+00 1.34E-01 1.90E-01 1.17E-03 3.25E-01 4.01E-02 1.08E-01 3.47E-04 1.48E-01

POTASSIUM 2.82E+03 1.14E+03 5.92E+00 3.17E+00 2.59E+02 1.04E+02 4.24E-03 1.20E+01 4.81E+00 1.42E+00 2.15E-01 4.44E-01 2.08E+00 5.72E-01 8.67E-02 2.37E-01 8.96E-01

SELENIUM 1.60E+00 9.84E-01 -- -- 8.30E-02 4.88E-02

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

7.88E-01 6.56E-01 8.06E-04 1.42E-02 0.00E+00 1.50E-02 4.96E-04 1.18E-02 0.00E+00 1.23E-02

Mean Case Scenario DosesDose to Small Mammal
(mg/kg bw-day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses
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Table H-32
Wildlife Exposure Modeling of Doses to Predatory Mammals (Coyote) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 5.04E-04 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 1.80E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 7.50E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario DosesDose to Small Mammal
(mg/kg bw-day)

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L) Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

SILVER 2.60E+00 1.41E+00 -- -- 1.05E-01 5.70E-02 5.01E-01 1.30E+00 7.04E-01 1.31E-03 2.34E-02 0.00E+00 2.48E-02 7.08E-04 1.27E-02 0.00E+00 1.34E-02
SODIUM 5.99E+03 9.23E+02 6.05E+01 5.09E+01 8.47E+01 1.80E+01 1.17E-02 7.01E+01 1.08E+01 3.02E+00 1.26E+00 4.54E+00 8.82E+00 4.65E-01 1.94E-01 3.81E+00 4.47E+00
THALLIUM 5.90E+00 2.38E+00 -- -- 4.06E-02 1.64E-02 1.23E-01 7.26E-01 2.92E-01 2.97E-03 1.31E-02 0.00E+00 1.60E-02 1.20E-03 5.26E-03 0.00E+00 6.46E-03
VANADIUM 2.34E+02 7.91E+01 1.67E-02 8.99E-03 1.64E+00 5.56E-01 1.79E-01 4.19E+01 1.42E+01 1.18E-01 7.54E-01 1.25E-03 8.73E-01 3.99E-02 2.55E-01 6.74E-04 2.96E-01

ZINC 2.43E+02 1.04E+02 1.95E-02 7.15E-03 1.03E+01 6.10E+00

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.31E+02 1.23E+02 1.22E-01 2.36E+00 1.46E-03 2.49E+00 5.26E-02 2.22E+00 5.36E-04 2.27E+00
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Table H-33
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

DIOXINS

OCDD 1.30E+01 6.37E+00 -- -- 8.52E-02 4.18E-02 1.68E+01 2.18E+02 1.07E+02 0.00E+00 6.01E+00 0.00E+00 6.01E+00 0.00E+00 2.94E+00 0.00E+00 2.94E+00
WHOTEQ 1.44E-03 9.28E-04 -- -- 1.07E-05 6.93E-06 7.52E-03 1.08E-05 6.98E-06 0.00E+00 2.98E-07 6.13E-07 9.10E-07 0.00E+00 1.92E-07 3.95E-07 5.87E-07

METALS
ALUMINUM 4.82E+04 2.20E+04 1.65E+00 3.98E-01 3.32E+02 1.51E+02 7.32E-02 3.53E+03 1.61E+03 0.00E+00 9.70E+01 9.41E-02 9.71E+01 0.00E+00 4.42E+01 2.27E-02 4.42E+01
ANTIMONY 2.20E+00 6.41E+00 -- -- 5.18E-02 1.51E-01 2.12E-04 4.66E-04 1.36E-03 0.00E+00 1.28E-05 0.00E+00 1.28E-05 0.00E+00 3.74E-05 0.00E+00 3.74E-05

ARSENIC 9.57E+01 2.37E+01 1.81E-02 7.38E-03 7.80E-01 2.25E-01

ln(dry mammal conc, mg/kg)

= (-4.8471+0.8188*ln(soil

conc))

3.29E-01 1.05E-01 0.00E+00 9.04E-03 1.03E-03 1.01E-02 0.00E+00 2.89E-03 4.20E-04 3.31E-03

BARIUM 2.02E+03 4.05E+02 1.13E-01 9.58E-02 3.90E+01 7.82E+00
ln(dry mammal conc, mg/kg)

= (-1.412+0.7*ln(soil conc))
5.02E+01 1.63E+01 0.00E+00 1.38E+00 6.44E-03 1.39E+00 0.00E+00 4.48E-01 5.46E-03 4.53E-01

BERYLLIUM 1.30E+00 7.26E-01 -- -- 9.61E-03 5.37E-03 2.12E-04 2.76E-04 1.54E-04 0.00E+00 7.58E-06 0.00E+00 7.58E-06 0.00E+00 4.23E-06 0.00E+00 4.23E-06
BROMIDE -- -- 2.20E-01 1.90E-01 -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.25E-02 1.25E-02 0.00E+00 0.00E+00 1.08E-02 1.08E-02

CADMIUM 4.90E-01 4.86E-01 -- -- 3.90E-02 3.88E-02

ln(dry mammal conc, mg/kg)

= (-0.4306+0.4865*ln(soil

conc))

4.59E-01 4.58E-01 0.00E+00 1.26E-02 0.00E+00 1.26E-02 0.00E+00 1.26E-02 0.00E+00 1.26E-02

CALCIUM 2.63E+04 9.58E+03 8.39E+01 6.66E+01 8.01E+03 2.92E+03 1.48E-04 3.89E+00 1.42E+00 0.00E+00 1.07E-01 4.78E+00 4.89E+00 0.00E+00 3.90E-02 3.80E+00 3.84E+00

CHROMIUM 7.02E+01 2.55E+01 3.70E-03 2.41E-03 5.05E-01 1.83E-01

ln(dry mammal conc, mg/kg)

= (-1.4599+0.7338*ln(soil

conc))

5.26E+00 2.50E+00 0.00E+00 1.45E-01 2.11E-04 1.45E-01 0.00E+00 6.88E-02 1.38E-04 6.89E-02

COBALT 4.21E+01 2.38E+01 1.90E-03 7.03E-03 3.47E-01 1.97E-01 1.00E-01 4.21E+00 2.38E+00 0.00E+00 1.16E-01 1.08E-04 1.16E-01 0.00E+00 6.55E-02 4.01E-04 6.59E-02

COPPER 4.24E+02 6.85E+01 6.80E-03 3.05E-03 4.58E+00 2.25E+00

ln(dry mammal conc, mg/kg)

= (2.042+0.1444*ln(soil

conc))

1.85E+01 1.42E+01 0.00E+00 5.08E-01 3.88E-04 5.08E-01 0.00E+00 3.90E-01 1.74E-04 3.90E-01

IRON 8.67E+04 3.67E+04 1.57E+00 3.86E-01 5.97E+02 2.53E+02 4.24E-03 3.68E+02 1.55E+02 0.00E+00 1.01E+01 8.95E-02 1.02E+01 0.00E+00 4.28E+00 2.20E-02 4.30E+00

LEAD 8.28E+01 2.21E+01 1.10E-03 1.80E-03 8.10E-01 2.73E-01

ln(dry mammal conc, mg/kg)

= (0.0761+0.4422*ln(soil

conc))

7.61E+00 4.24E+00 0.00E+00 2.09E-01 6.27E-05 2.09E-01 0.00E+00 1.17E-01 1.03E-04 1.17E-01

MAGNESIUM 4.62E+04 1.41E+04 2.21E+01 1.77E+01 4.23E+03 1.29E+03 1.06E-03 4.90E+01 1.49E+01 0.00E+00 1.35E+00 1.26E+00 2.61E+00 0.00E+00 4.10E-01 1.01E+00 1.42E+00
MANGANESE 2.54E+03 8.98E+02 6.67E-02 3.69E-02 7.06E+01 2.50E+01 5.87E-02 1.49E+02 5.27E+01 0.00E+00 4.10E+00 3.80E-03 4.10E+00 0.00E+00 1.45E+00 2.10E-03 1.45E+00
MERCURY 3.70E-01 1.04E-01 -- -- 2.07E-02 9.86E-03 1.92E-01 7.10E-02 2.00E-02 0.00E+00 1.95E-03 0.00E+00 1.95E-03 0.00E+00 5.51E-04 0.00E+00 5.51E-04

NICKEL 2.66E+02 7.95E+01 1.56E-02 4.63E-03 2.34E+00 7.63E-01

ln(dry mammal conc, mg/kg)

= (-0.2462+0.4658*ln(soil

conc))

1.05E+01 6.00E+00 0.00E+00 2.90E-01 8.89E-04 2.91E-01 0.00E+00 1.65E-01 2.64E-04 1.65E-01

POTASSIUM 2.82E+03 1.14E+03 5.92E+00 3.17E+00 2.59E+02 1.04E+02 4.24E-03 1.20E+01 4.81E+00 0.00E+00 3.29E-01 3.37E-01 6.66E-01 0.00E+00 1.32E-01 1.80E-01 3.13E-01

SELENIUM 1.60E+00 9.84E-01 -- -- 8.30E-02 4.88E-02

ln(dry mammal conc, mg/kg)

= (-0.4158+0.3764*ln(soil

conc))

7.88E-01 6.56E-01 0.00E+00 2.17E-02 0.00E+00 2.17E-02 0.00E+00 1.80E-02 0.00E+00 1.80E-02

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses



Table H-33
Wildlife Exposure Modeling of Doses to Predatory Birds (Red-tailed hawk) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 0.00E+00 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 2.75E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 5.70E-02 L/kg-day

Maximum Mean Maximum Mean Maximum Mean
Small Mammal Biotransfer

Factor (mg/kg bw-day to
mg/kg)

Maximum Food
Item Tissue

Concentration
(mg/kg dry wt.)

Mean Food Item
Tissue

Concentration
(mg/kg dry wt.)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil

(mg/kg bw-
day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Mean Case Scenario Doses

Chemical

Soil Concentration
(mg/kg dry wt.)

Water Concentration
(mg/L)

Dose to Small
Mammal (mg/kg bw-

day)
Food Item (Small Mammal) Uptake Maximum Case Scenario Doses

SILVER 2.60E+00 1.41E+00 -- -- 1.05E-01 5.70E-02 5.01E-01 1.30E+00 7.04E-01 0.00E+00 3.58E-02 0.00E+00 3.58E-02 0.00E+00 1.94E-02 0.00E+00 1.94E-02
SODIUM 5.99E+03 9.23E+02 6.05E+01 5.09E+01 8.47E+01 1.80E+01 1.17E-02 7.01E+01 1.08E+01 0.00E+00 1.93E+00 3.45E+00 5.38E+00 0.00E+00 2.97E-01 2.90E+00 3.20E+00
THALLIUM 5.90E+00 2.38E+00 -- -- 4.06E-02 1.64E-02 1.23E-01 7.26E-01 2.92E-01 0.00E+00 2.00E-02 0.00E+00 2.00E-02 0.00E+00 8.04E-03 0.00E+00 8.04E-03
VANADIUM 2.34E+02 7.91E+01 1.67E-02 8.99E-03 1.64E+00 5.56E-01 1.79E-01 4.19E+01 1.42E+01 0.00E+00 1.15E+00 9.52E-04 1.15E+00 0.00E+00 3.90E-01 5.12E-04 3.90E-01

ZINC 2.43E+02 1.04E+02 1.95E-02 7.15E-03 1.03E+01 6.10E+00

ln(dry mammal conc, mg/kg)

= (4.4713+0.0738*ln(soil

conc))

1.31E+02 1.23E+02 0.00E+00 3.61E+00 1.11E-03 3.61E+00 0.00E+00 3.39E+00 4.08E-04 3.39E+00



Table H-34
Wildlife Exposure Modeling of Doses to Piscivorous Birds (Great Blue Heron) from Media

for the Background Exposure Grouping

Exposure Parameters
Soil Ingestion Rate (kg dry wt./kg bw-day): 4.19E-03 kg/kg-day

Food Ingestion Rate (kg dry wt./kg bw-day): 4.50E-02 kg/kg-day

Water Ingestion Rate (L/kg bw-day): 4.50E-02 L/kg-day

Maximum Mean Maximum Mean
BAF/Equation

(mg/L dry wt. to
mg/kg dry wt.)

Maximum Food
Item Tissue

Concentration
(mg/L to mg/kg dry

wt.)

Mean Food Item
Tissue

Concentration
(mg/L dry wt.)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

Dose from
Soil (mg/kg

bw-day)

Dose from
Food

(mg/kg bw-
day)

Dose from
Water

(mg/kg bw-
day)

Total Dose
(mg/kg bw-

day)

METALS

ALUMINUM 2.39E+04 1.09E+04 1.65E+00 3.98E-01 2.70E+00 4.46E+00 1.07E+00 1.00E+02 2.00E-01 7.43E-02 1.00E+02 4.54E+01 4.83E-02 1.79E-02 4.55E+01
ANTIMONY -- -- -- -- 1.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ARSENIC 4.90E+01 2.40E+01 1.81E-02 7.38E-03 4.00E+00 7.24E-02 2.95E-02 2.05E-01 3.26E-03 8.15E-04 2.09E-01 1.00E-01 1.33E-03 3.32E-04 1.02E-01
BARIUM 3.22E+02 1.20E+02 1.13E-01 9.58E-02 4.00E+00 4.52E-01 3.83E-01 1.35E+00 2.03E-02 5.09E-03 1.37E+00 5.04E-01 1.72E-02 4.31E-03 5.25E-01
BERYLLIUM 7.30E-01 3.96E-01 -- -- 6.20E+01 0.00E+00 0.00E+00 3.06E-03 0.00E+00 0.00E+00 3.06E-03 1.66E-03 0.00E+00 0.00E+00 1.66E-03
BROMIDE -- -- 2.20E-01 1.90E-01 1.00E+00 2.20E-01 1.90E-01 0.00E+00 9.90E-03 9.90E-03 1.98E-02 0.00E+00 8.55E-03 8.55E-03 1.71E-02
CADMIUM 2.40E-01 4.52E-01 -- -- 5.90E+01 0.00E+00 0.00E+00 1.00E-03 0.00E+00 0.00E+00 1.00E-03 1.89E-03 0.00E+00 0.00E+00 1.89E-03
CALCIUM 1.87E+04 9.18E+03 8.39E+01 6.66E+01 1.00E+00 8.39E+01 6.66E+01 7.83E+01 3.78E+00 3.78E+00 8.58E+01 3.84E+01 3.00E+00 3.00E+00 4.44E+01
CHROMIUM 2.75E+01 1.42E+01 3.70E-03 2.41E-03 2.00E+02 7.40E-01 4.83E-01 1.15E-01 3.33E-02 1.67E-04 1.49E-01 5.93E-02 2.17E-02 1.09E-04 8.12E-02
COBALT 2.74E+01 1.45E+01 1.90E-03 7.03E-03 1.00E+00 1.90E-03 7.03E-03 1.15E-01 8.55E-05 8.55E-05 1.15E-01 6.08E-02 3.16E-04 3.16E-04 6.14E-02
COPPER 7.71E+01 3.40E+01 6.80E-03 3.05E-03 4.64E+02 3.16E+00 1.42E+00 3.23E-01 1.42E-01 3.06E-04 4.65E-01 1.42E-01 6.37E-02 1.37E-04 2.06E-01
IRON 4.95E+04 2.49E+04 1.57E+00 3.86E-01 1.00E+00 1.57E+00 3.86E-01 2.07E+02 7.07E-02 7.07E-02 2.07E+02 1.04E+02 1.74E-02 1.74E-02 1.04E+02
LEAD 3.29E+01 1.47E+01 1.10E-03 1.80E-03 4.50E+01 4.95E-02 8.10E-02 1.38E-01 2.23E-03 4.95E-05 1.40E-01 6.15E-02 3.64E-03 8.10E-05 6.52E-02
MAGNESIUM 1.47E+04 5.94E+03 2.21E+01 1.77E+01 1.00E+00 2.21E+01 1.77E+01 6.15E+01 9.95E-01 9.95E-01 6.35E+01 2.49E+01 7.94E-01 7.94E-01 2.65E+01
MANGANESE 1.37E+03 6.92E+02 6.67E-02 3.69E-02 4.00E+02 2.67E+01 1.47E+01 5.73E+00 1.20E+00 3.00E-03 6.94E+00 2.90E+00 6.63E-01 1.66E-03 3.56E+00
MERCURY 1.20E-01 7.50E-02 -- -- 1.80E+03 0.00E+00 0.00E+00 5.02E-04 0.00E+00 0.00E+00 5.02E-04 3.14E-04 0.00E+00 0.00E+00 3.14E-04
NICKEL 3.45E+01 1.43E+01 1.56E-02 4.63E-03 2.70E+01 4.21E-01 1.25E-01 1.44E-01 1.90E-02 7.02E-04 1.64E-01 5.98E-02 5.62E-03 2.08E-04 6.57E-02
POTASSIUM 2.60E+03 1.56E+03 5.92E+00 3.17E+00 1.00E+00 5.92E+00 3.17E+00 1.09E+01 2.66E-01 2.66E-01 1.14E+01 6.51E+00 1.42E-01 1.42E-01 6.79E+00
SELENIUM 1.20E+00 2.85E+00 -- -- 2.42E+02 0.00E+00 0.00E+00 5.02E-03 0.00E+00 0.00E+00 5.02E-03 1.19E-02 0.00E+00 0.00E+00 1.19E-02
SILVER 1.60E+00 8.81E-01 -- -- 8.77E+01 0.00E+00 0.00E+00 6.70E-03 0.00E+00 0.00E+00 6.70E-03 3.69E-03 0.00E+00 0.00E+00 3.69E-03
SODIUM 1.72E+02 6.95E+01 6.05E+01 5.09E+01 1.00E+00 6.05E+01 5.09E+01 7.20E-01 2.72E+00 2.72E+00 6.16E+00 2.91E-01 2.29E+00 2.29E+00 4.87E+00
THALLIUM 2.70E+00 2.28E+00 -- -- 1.00E+03 0.00E+00 0.00E+00 1.13E-02 0.00E+00 0.00E+00 1.13E-02 9.53E-03 0.00E+00 0.00E+00 9.53E-03
VANADIUM 1.11E+02 5.35E+01 1.67E-02 8.99E-03 1.00E+00 1.67E-02 8.99E-03 4.65E-01 7.52E-04 7.52E-04 4.66E-01 2.24E-01 4.04E-04 4.04E-04 2.25E-01
ZINC 1.84E+02 7.19E+01 1.95E-02 7.15E-03 1.30E+01 2.54E-01 9.30E-02 7.70E-01 1.14E-02 8.78E-04 7.82E-01 3.01E-01 4.18E-03 3.22E-04 3.05E-01

SEMIVOLATILES

BIS(2-ETHYLHEXYL)PHTHALATE 6.60E-02 6.60E-02 -- -- 1.71E+03 0.00E+00 0.00E+00 2.76E-04 0.00E+00 0.00E+00 2.76E-04 2.76E-04 0.00E+00 0.00E+00 2.76E-04

VOLATILES

ACETOPHENONE 1.40E-01 1.40E-01 -- -- 1.33E+00 0.00E+00 0.00E+00 5.86E-04 0.00E+00 0.00E+00 5.86E-04 5.86E-04 0.00E+00 0.00E+00 5.86E-04

Food Item (Fish) Uptake Maximum Case Scenario Doses Mean Case Scenario Doses

Chemical

Sediment
Concentration (mg/kg

dry wt.)

Water Concentration
(mg/L)

Page 1 of 1



 
 
 
 
 
 
 

 
 
 
 
 

APPENDIX I 
 

COMMUNITY INVOLVEMENT DOCUMENTS AND OUTREACH 
MATERIALS (SEE ALSO DVD) 

 
ARSENIC PUBLIC HEALTH STATEMENT 
ARSENIC FACTSHEET 
LEAD PUBLIC HEALTH STATEMENT 
LEAD FACTSHEET 
DRINKING WATER FROM HOUSEHOLD WELLS 
ARIZONA WELL OWNER’S GUIDE TO WATER SUPPLY 
ARIZONA KNOW YOUR WATER 
ARSENIC DOMESTIC WATER WELLS 
WELL OWNERS’ GUIDE TO GROUND WATER RESOURCES IN    
 YAVAPAI COUNTY 
ARSENIC IN YOUR DRINKING WATER 
ARSENIC IN ARIZONA DRINKING WATER 
ARIZONA DRINKING WATER WELL CONTAMINANTS 
SULFATE IN WELL WATER 
HOME WATER TREATMENT OPTIONS 
SAFE GARDENING IN DEWEY-HUMBOLDT 
GARDENING ON LEAD AND ARSENIC CONTAMINATED SOILS 
LEAD CONTAMINATION IN GARDENS 
FEDERAL, STATE, AND LOCAL ENVIRONMENTAL RESOURCES 
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This Public Health Statement is the summary 
chapter from the Toxicological Profile for Arsenic.  
It is one in a series of Public Health Statements 
about hazardous substances and their health effects.  
A shorter version, the ToxFAQs™, is also 
available.  This information is important because 
this substance may harm you.  The effects of 
exposure to any hazardous substance depend on the 
dose, the duration, how you are exposed, personal 
traits and habits, and whether other chemicals are 
present.  For more information, call the ATSDR 
Information Center at 1-800-232-4636. 
__________________________________________ 
This public health statement tells you about arsenic 
and the effects of exposure to it.   
 
The Environmental Protection Agency (EPA) 
identifies the most serious hazardous waste sites in 
the nation.  These sites are then placed on the 
National Priorities List (NPL) and are targeted for 
long-term federal clean-up activities.  Arsenic has 
been found in at least 1,149 of the 1,684 current or 
former NPL sites.  Although the total number of 
NPL sites evaluated for this substance is not known, 
the possibility exists that the number of sites at 
which arsenic is found may increase in the future as 
more sites are evaluated.  This information is 
important because these sites may be sources of 
exposure and exposure to this substance may harm 
you. 
 
When a substance is released either from a large 
area, such as an industrial plant, or from a container, 
such as a drum or bottle, it enters the environment.  
Such a release does not always lead to exposure.  
You can be exposed to a substance only when you 
come in contact with it.  You may be exposed by 
breathing, eating, or drinking the substance, or by 
skin contact. 

 
If you are exposed to arsenic, many factors will 
determine whether you will be harmed.  These 
factors include the dose (how much), the duration 
(how long), and how you come in contact with it.  
You must also consider any other chemicals you are 
exposed to and your age, sex, diet, family traits, 
lifestyle, and state of health. 
 

1.1   WHAT IS ARSENIC? 
 
Arsenic is a naturally occurring element that is 
widely distributed in the Earth’s crust.  Arsenic is 
classified chemically as a metalloid, having both 
properties of a metal and a nonmetal; however, it is 
frequently referred to as a metal.  Elemental arsenic 
(sometimes referred to as metallic arsenic) is a steel 
grey solid material.  However, arsenic is usually 
found in the environment combined with other 
elements such as oxygen, chlorine, and sulfur.  
Arsenic combined with these elements is called 
inorganic arsenic.  Arsenic combined with carbon 
and hydrogen is referred to as organic arsenic.   
 
Most inorganic and organic arsenic compounds are 
white or colorless powders that do not evaporate.  
They have no smell, and most have no special taste.  
Thus, you usually cannot tell if arsenic is present in 
your food, water, or air. 
 
Inorganic arsenic occurs naturally in soil and in 
many kinds of rock, especially in minerals and ores 
that contain copper or lead.  When these ores are 
heated in smelters, most of the arsenic goes up the 
stack and enters the air as a fine dust.  Smelters may 
collect this dust and take out the arsenic as a 
compound called arsenic trioxide (As2O3).  
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However, arsenic is no longer produced in the 
United States; all of the arsenic used in the United 
States is imported. 
 
Presently, about 90% of all arsenic produced is used 
as a preservative for wood to make it resistant to 
rotting and decay.  The preservative is copper 
chromated arsenate (CCA) and the treated wood is 
referred to as “pressure-treated.”  In 2003, U.S. 
manufacturers of wood preservatives containing 
arsenic began a voluntary transition from CCA to 
other wood preservatives that do not contain arsenic 
in wood products for certain residential uses, such 
as play structures, picnic tables, decks, fencing, and 
boardwalks.  This phase out was completed on 
December 31, 2003; however, wood treated prior to 
this date could still be used and existing structures 
made with CCA-treated wood would not be 
affected.  CCA-treated wood products continue to 
be used in industrial applications.  It is not known 
whether, or to what extent, CCA-treated wood 
products may contribute to exposure of people to 
arsenic. 
 
In the past, inorganic arsenic compounds were 
predominantly used as pesticides, primarily on 
cotton fields and in orchards.  Inorganic arsenic 
compounds can no longer be used in agriculture.  
However, organic arsenic compounds, namely 
cacodylic acid, disodium methylarsenate (DSMA), 
and monosodium methylarsenate (MSMA), are still 
used as pesticides, principally on cotton.  Some 
organic arsenic compounds are used as additives in 
animal feed.  Small quantities of elemental arsenic 
are added to other metals to form metal mixtures or 
alloys with improved properties.  The greatest use 
of arsenic in alloys is in lead-acid batteries for 
automobiles.  Another important use of arsenic 

compounds is in semiconductors and light-emitting 
diodes. 
 

1.2   WHAT HAPPENS TO ARSENIC WHEN 
IT ENTERS THE ENVIRONMENT? 

 
Arsenic occurs naturally in soil and minerals and it 
therefore may enter the air, water, and land from 
wind-blown dust and may get into water from 
runoff and leaching.  Volcanic eruptions are another 
source of arsenic.  Arsenic is associated with ores 
containing metals, such as copper and lead.  Arsenic 
may enter the environment during the mining and 
smelting of these ores.  Small amounts of arsenic 
also may be released into the atmosphere from coal-
fired power plants and incinerators because coal and 
waste products often contain some arsenic.   
 
Arsenic cannot be destroyed in the environment.  It 
can only change its form, or become attached to or 
separated from particles.  It may change its form by 
reacting with oxygen or other molecules present in 
air, water, or soil, or by the action of bacteria that 
live in soil or sediment.  Arsenic released from 
power plants and other combustion processes is 
usually attached to very small particles.  Arsenic 
contained in wind-borne soil is generally found in 
larger particles.  These particles settle to the ground 
or are washed out of the air by rain.  Arsenic that is 
attached to very small particles may stay in the air 
for many days and travel long distances.  Many 
common arsenic compounds can dissolve in water.  
Thus, arsenic can get into lakes, rivers, or 
underground water by dissolving in rain or snow or 
through the discharge of industrial wastes.  Some of 
the arsenic will stick to particles in the water or 
sediment on the bottom of lakes or rivers, and some 
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will be carried along by the water.  Ultimately, most 
arsenic ends up in the soil or sediment.  Although 
some fish and shellfish take in arsenic, which may 
build up in tissues, most of this arsenic is in an 
organic form called arsenobetaine (commonly 
called "fish arsenic") that is much less harmful. 
 

1.3   HOW MIGHT I BE EXPOSED TO 
ARSENIC? 

 
Since arsenic is found naturally in the environment, 
you will be exposed to some arsenic by eating food, 
drinking water, or breathing air.  Children may also 
be exposed to arsenic by eating soil.  Analytical 
methods used by scientists to determine the levels 
of arsenic in the environment generally do not 
determine the specific form of arsenic present.  
Therefore, we do not always know the form of 
arsenic a person may be exposed to.  Similarly, we 
often do not know what forms of arsenic are present 
at hazardous waste sites.  Some forms of arsenic 
may be so tightly attached to particles or embedded 
in minerals that they are not taken up by plants and 
animals. 
 
The concentration of arsenic in soil varies widely, 
generally ranging from about 1 to 40 parts of 
arsenic to a million parts of soil (ppm) with an 
average level of 3–4 ppm.  However, soils in the 
vicinity of arsenic-rich geological deposits, some 
mining and smelting sites, or agricultural areas 
where arsenic pesticides had been applied in the 
past may contain much higher levels of arsenic.  
The concentration of arsenic in natural surface and 
groundwater is generally about 1 part in a billion 
parts of water (1 ppb), but may exceed 1,000 ppb in 
contaminated areas or where arsenic levels in soil 

are high.  Groundwater is far more likely to contain 
high levels of arsenic than surface water.  Surveys 
of U.S. drinking water indicate that about 80% of 
water supplies have less than 2 ppb of arsenic, but 
2% of supplies exceed 20 ppb of arsenic.  Levels of 
arsenic in food range from about 20 to 140 ppb.  
However, levels of inorganic arsenic, the form of 
most concern, are far lower.  Levels of arsenic in 
the air generally range from less than 1 to about 
2,000 nanograms (1 nanogram equals a billionth of 
a gram) of arsenic per cubic meter of air (less than 
1–2,000 ng/m3), depending on location, weather 
conditions, and the level of industrial activity in the 
area.  However, urban areas generally have mean 
arsenic levels in air ranging from 20 to 30 ng/m3. 
 
You normally take in small amounts of arsenic in 
the air you breathe, the water you drink, and the 
food you eat.  Of these, food is usually the largest 
source of arsenic.  The predominant dietary source 
of arsenic is seafood, followed by rice/rice cereal, 
mushrooms, and poultry.  While seafood contains 
the greatest amounts of arsenic, for fish and 
shellfish, this is mostly in an organic form of 
arsenic called arsenobetaine that is much less 
harmful.  Some seaweeds may contain arsenic in 
inorganic forms that may be more harmful.  
Children are likely to eat small amounts of dust or 
soil each day, so this is another way they may be 
exposed to arsenic.  The total amount of arsenic you 
take in from these sources is generally about 
50 micrograms (1 microgram equals one-millionth 
of a gram) each day.  The level of inorganic arsenic 
(the form of most concern) you take in from these 
sources is generally about 3.5 microgram/day.  
Children may be exposed to small amounts of 
arsenic from hand-to-mouth activities from playing 
on play structures or decks constructed out of CCA-
treated wood.  The potential exposure that children 
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may receive from playing in play structures 
constructed from CCA-treated wood is generally 
smaller than that they would receive from food and 
water. 
 
In addition to the normal levels of arsenic in air, 
water, soil, and food, you could be exposed to 
higher levels in several ways, such as the following: 
 

• Some areas of the United States contain 
unusually high natural levels of arsenic in 
rock, and this can lead to unusually high 
levels of arsenic in soil or water.  If you live 
in an area like this, you could take in 
elevated amounts of arsenic in drinking 
water.  Children may be taking in higher 
amounts of arsenic because of hand-to-
mouth contact or eating soil in areas with 
higher than usual arsenic concentrations. 

 
• Some hazardous waste sites contain large 

quantities of arsenic.  If the material is not 
properly disposed of, it can get into 
surrounding water, air, or soil.  If you live 
near such a site, you could be exposed to 
elevated levels of arsenic from these media. 

 
• If you work in an occupation that involves 

arsenic production or use (for example, 
copper or lead smelting, wood treating, or 
pesticide application), you could be exposed 
to elevated levels of arsenic during your 
work. 

 

• If you saw or sand arsenic-treated wood, you 
could inhale some of the sawdust into your 
nose or throat.  Similarly, if you burn 
arsenic-treated wood, you could inhale 
arsenic in the smoke. 

 
• If you live in a former agricultural area 

where arsenic was used on crops, the soil 
could contain high levels of arsenic. 

 
• In the past, several kinds of products used in 

the home (rat poison, ant poison, weed 
killer, some types of medicines) had arsenic 
in them.  However, most of these uses of 
arsenic have ended, so you are not likely to 
be exposed from home products any longer. 

 

1.4   HOW CAN ARSENIC ENTER AND 
LEAVE MY BODY? 

 
If you swallow arsenic in water, soil, or food, most 
of the arsenic may quickly enter into your body.  
The amount that enters your body will depend on 
how much you swallow and the kind of arsenic that 
you swallow.  This is the most likely way for you to 
be exposed near a waste site.  If you breathe air that 
contains arsenic dusts, many of the dust particles 
settle onto the lining of the lungs.  Most of the 
arsenic in these particles is then taken up from the 
lungs into the body.  You might be exposed in this 
way near waste sites where arsenic-contaminated 
soils are allowed to blow into the air, or if you work 
with arsenic-containing soil or products.  If you get 
arsenic-contaminated soil or water on your skin, 
only a small amount will go through your skin into 
your body, so this is usually not of concern. 
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Both inorganic and organic forms leave your body 
in your urine.  Most of the inorganic arsenic will be 
gone within several days, although some will 
remain in your body for several months or even 
longer.  If you are exposed to organic arsenic, most 
of it will leave your body within several days. 
 

1.5   HOW CAN ARSENIC AFFECT MY 
HEALTH? 

 
Scientists use many tests to protect the public from 
harmful effects of toxic chemicals and to find ways 
for treating persons who have been harmed. 
 
One way to learn whether a chemical will harm 
people is to determine how the body absorbs, uses, 
and releases the chemical.  For some chemicals, 
animal testing may be necessary.  Animal testing 
may also help identify health effects such as cancer 
or birth defects.  Without laboratory animals, 
scientists would lose a basic method for getting 
information needed to make wise decisions that 
protect public health.  Scientists have the 
responsibility to treat research animals with care 
and compassion.  Scientists must comply with strict 
animal care guidelines because laws today protect 
the welfare of research animals. 
 
Inorganic arsenic has been recognized as a human 
poison since ancient times, and large oral doses 
(above 60,000 ppb in water which is 10,000 times 
higher than 80% of U.S. drinking water arsenic 
levels) can result in death.  If you swallow lower 
levels of inorganic arsenic (ranging from about 
300 to 30,000 ppb in water; 100–10,000 times 
higher than most U.S. drinking water levels), you 
may experience irritation of your stomach and 

intestines, with symptoms such as stomachache, 
nausea, vomiting, and diarrhea.  Other effects you 
might experience from swallowing inorganic 
arsenic include decreased production of red and 
white blood cells, which may cause fatigue, 
abnormal heart rhythm, blood-vessel damage 
resulting in bruising, and impaired nerve function 
causing a "pins and needles" sensation in your 
hands and feet.  
 
Perhaps the single-most characteristic effect of 
long-term oral exposure to inorganic arsenic is a 
pattern of skin changes.  These include patches of 
darkened skin and the appearance of small "corns" 
or "warts" on the palms, soles, and torso, and are 
often associated with changes in the blood vessels 
of the skin.  Skin cancer may also develop.  
Swallowing arsenic has also been reported to 
increase the risk of cancer in the liver, bladder, and 
lungs.  The Department of Health and Human 
Services (DHHS) has determined that inorganic 
arsenic is known to be a human carcinogen (a 
chemical that causes cancer).  The International 
Agency for Research on Cancer (IARC) has 
determined that inorganic arsenic is carcinogenic to 
humans.  EPA also has classified inorganic arsenic 
as a known human carcinogen. 
 
If you breathe high levels of inorganic arsenic, then 
you are likely to experience a sore throat and 
irritated lungs.  You may also develop some of the 
skin effects mentioned above.  The exposure level 
that produces these effects is uncertain, but it is 
probably above 100 micrograms of arsenic per 
cubic meter (μg/m3) for a brief exposure.  Longer 
exposure at lower concentrations can lead to skin 
effects, and also to circulatory and peripheral 
nervous disorders.  There are some data suggesting 
that inhalation of inorganic arsenic may also 
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interfere with normal fetal development, although 
this is not certain.  An important concern is the 
ability of inhaled inorganic arsenic to increase the 
risk of lung cancer.  This has been seen mostly in 
workers exposed to arsenic at smelters, mines, and 
chemical factories, but also in residents living near 
smelters and arsenical chemical factories.  People 
who live near waste sites with arsenic may have an 
increased risk of lung cancer as well.  
 
If you have direct skin contact with high 
concentrations of inorganic arsenic compounds, 
your skin may become irritated, with some redness 
and swelling.  However, it does not appear that skin 
contact is likely to lead to any serious internal 
effects. 
 
Almost no information is available on the effects of 
organic arsenic compounds in humans.  Studies in 
animals show that most simple organic arsenic 
compounds (such as methyl and dimethyl 
compounds) are less toxic than the inorganic forms.  
In animals, ingestion of methyl compounds can 
result in diarrhea, and lifetime exposure can damage 
the kidneys.  Lifetime exposure to dimethyl 
compounds can damage the urinary bladder and the 
kidneys.   
 

1.6   HOW CAN ARSENIC AFFECT 
CHILDREN? 

 
This section discusses potential health effects in 
humans from exposures during the period from 
conception to maturity at 18 years of age.  
 
Children are exposed to arsenic in many of the same 
ways that adults are.  Since arsenic is found in the 

soil, water, food, and air, children may take in 
arsenic in the air they breathe, the water they drink, 
and the food they eat.  Since children tend to eat or 
drink less of a variety of foods and beverages than 
do adults, ingestion of contaminated food or juice or 
infant formula made with arsenic-contaminated 
water may represent a significant source of 
exposure.  In addition, since children often play in 
the soil and put their hands in their mouths and 
sometimes intentionally eat soil, ingestion of 
contaminated soil may be a more important source 
of arsenic exposure for children than for adults.  In 
areas of the United States where natural levels of 
arsenic in the soil and water are high, or in areas in 
and around contaminated waste sites, exposure of 
children to arsenic through ingestion of soil and 
water may be significant.  In addition, contact with 
adults who are wearing clothes contaminated with 
arsenic (e.g., with dust from copper- or lead-
smelting factories, from wood-treating or pesticide 
application, or from arsenic-treated wood) could be 
a source of exposure.  Because of the tendency of 
children to taste things that they find, accidental 
poisoning from ingestion of pesticides is also a 
possibility.  Thus, although most of the exposure 
pathways for children are the same as those for 
adults, children may be at a higher risk of exposure 
because of normal hand-to-mouth activity. 
 
Children who are exposed to inorganic arsenic may 
have many of the same effects as adults, including 
irritation of the stomach and intestines, blood vessel 
damage, skin changes, and reduced nerve function.  
Thus, all health effects observed in adults are of 
potential concern in children.  There is also some 
evidence that suggests that long-term exposure to 
inorganic arsenic in children may result in lower IQ 
scores.  We do not know if absorption of inorganic 
arsenic from the gut in children differs from adults.  
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There is some evidence that exposure to arsenic in 
early life (including gestation and early childhood) 
may increase mortality in young adults.   
 
There is some evidence that inhaled or ingested 
inorganic arsenic can injure pregnant women or 
their unborn babies, although the studies are not 
definitive.  Studies in animals show that large doses 
of inorganic arsenic that cause illness in pregnant 
females can also cause low birth weight, fetal 
malformations, and even fetal death.  Arsenic can 
cross the placenta and has been found in fetal 
tissues.  Arsenic is found at low levels in breast 
milk. 
 
In animals, exposure to organic arsenic compounds 
can cause low birth weight, fetal malformations, 
and fetal deaths.  The dose levels that cause these 
effects also result in effects in the mothers. 
 

1.7   HOW CAN FAMILIES REDUCE THE 
RISK OF EXPOSURE TO ARSENIC? 

 
If your doctor finds that you have been exposed to 
substantial amounts of arsenic, ask whether your 
children might also have been exposed.  Your 
doctor might need to ask your state health 
department to investigate. 
 
Many communities may have high levels of arsenic 
in their drinking water, particularly from private 
wells, because of contamination or as a result of the 
geology of the area.  The north central region and 
the western region of the United States have the 
highest arsenic levels in surface water and 
groundwater sources, respectively.  Wells used to 
provide water for drinking and cooking should be 

tested for arsenic.  As of January 2006, EPA’s 
Maximum Contaminant Level (MCL) for arsenic in 
drinking water is 10 ppb.  If you have arsenic in 
your drinking water at levels higher that the EPA’s 
MCL, an alternative source of water should be used 
for drinking and cooking should be considered. 
 
If you use arsenic-treated wood in home projects, 
personal protection from exposure to arsenic-
containing sawdust may be helpful in limiting 
exposure of family members.  These measures may 
include dust masks, gloves, and protective clothing.  
Arsenic-treated wood should never be burned in 
open fires, or in stoves, residential boilers, or fire 
places, and should not be composted or used as 
mulch.  EPA’s Consumer Awareness Program 
(CAP) for CCA is a voluntary program established 
by the manufacturers of CCA products to inform 
consumers about the proper handling, use, and 
disposal of CCA-treated wood.  You can find more 
information about this program in Section 6.5.  
Hand washing can reduce the potential exposure of 
children to arsenic after playing on play structures 
constructed with CCA-treated wood, since most of 
the arsenic on the children’s hands was removed 
with water.   
 
If you live in an area with a high level of arsenic in 
the water or soil, substituting cleaner sources of 
water and limiting contact with soil (for example, 
through use of a dense groundcover or thick lawn) 
would reduce family exposure to arsenic.  By 
paying careful attention to dust and soil control in 
the home (air filters, frequent cleaning), you can 
reduce family exposure to contaminated soil.  Some 
children eat a lot of soil.  You should prevent your 
children from eating soil.  You should discourage 
your children from putting objects in their mouths.  
Make sure they wash their hands frequently and 
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before eating.  Discourage your children from 
putting their hands in their mouths or engaging in 
other hand-to-mouth activities.  Since arsenic may 
be found in the home as a pesticide, household 
chemicals containing arsenic should be stored out of 
reach of young children to prevent accidental 
poisonings.  Always store household chemicals in 
their original labeled containers; never store 
household chemicals in containers that children 
would find attractive to eat or drink from, such as 
old soda bottles.  Keep your Poison Control 
Center’s number by the phone. 
 
It is sometimes possible to carry arsenic from work 
on your clothing, skin, hair, tools, or other objects 
removed from the workplace.  This is particularly 
likely if you work in the fertilizer, pesticide, glass, 
or copper/lead smelting industries.  You may 
contaminate your car, home, or other locations 
outside work where children might be exposed to 
arsenic.  You should know about this possibility if 
you work with arsenic.  
 
Your occupational health and safety officer at work 
can and should tell you whether chemicals you 
work with are dangerous and likely to be carried 
home on your clothes, body, or tools and whether 
you should be showering and changing clothes 
before you leave work, storing your street clothes in 
a separate area of the workplace, or laundering your 
work clothes at home separately from other clothes.  
Material safety data sheets (MSDS) for many 
chemicals used should be found at your place of 
work, as required by the Occupational Safety and 
Health Administration (OSHA) in the U.S. 
Department of Labor.  MSDS information should 
include chemical names and hazardous ingredients, 
and important properties, such as fire and explosion 
data, potential health effects, how you get the 

chemical(s) in your body, how to properly handle 
the materials, and what to do in the case of 
emergencies.  Your employer is legally responsible 
for providing a safe workplace and should freely 
answer your questions about hazardous chemicals.  
Your state OSHA-approved occupational safety and 
health program or OSHA can answer any further 
questions and help your employer identify and 
correct problems with hazardous substances.  Your 
state OSHA-approved occupational safety and 
health program or OSHA will listen to your formal 
complaints about workplace health hazards and 
inspect your workplace when necessary.  
Employees have a right to seek safety and health on 
the job without fear of punishment.   
 

1.8   IS THERE A MEDICAL TEST TO 
DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO ARSENIC? 

 
Several sensitive and specific tests can measure 
arsenic in your blood, urine, hair, or fingernails, and 
these tests are often helpful in determining if you 
have been exposed to above-average levels of 
arsenic in the past.  These tests are not usually 
performed in a doctor’s office.  They require 
sending the sample to a testing laboratory. 
 
Measurement of arsenic in your urine is the most 
reliable means of detecting arsenic exposures that 
you experienced within the last several days.  Most 
tests measure the total amount of arsenic present in 
your urine.  This can sometimes be misleading, 
because the nonharmful forms of arsenic in fish and 
shellfish can give a high reading even if you have 
not been exposed to a toxic form of arsenic.  For 
this reason, laboratories sometimes use a more 



                                                                    PUBLIC HEALTH STATEMENT 
                                                                               Arsenic 
                                                                                    CAS#:  7440-38-2 

 
Division of Toxicology and Environmental Medicine August 2007   

__________________________________________________________________________________________
DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service 

Agency for Toxic Substances and Disease Registry 
 

www.atsdr.cdc.gov/               Telephone: 1-800-232-4636             Fax: 770-488-4178           E-Mail: cdcinfo@cdc.gov 

complicated test to separate “fish arsenic” from 
other forms.  Because most arsenic leaves your 
body within a few days, analysis of your urine 
cannot detect if you were exposed to arsenic in the 
past.  Tests of your hair or fingernails can tell if you 
were exposed to high levels over the past 6–
12 months, but these tests are not very useful in 
detecting low-level exposures.  If high levels of 
arsenic are detected, this shows that you have been 
exposed, but unless more is known about when you 
were exposed and for how long, it is usually not 
possible to predict whether you will have any 
harmful health effects. 
 

1.9   WHAT RECOMMENDATIONS HAS THE 
FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

 
The federal government develops regulations and 
recommendations to protect public health.  
Regulations can be enforced by law.  The EPA, the 
Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Administration 
(FDA) are some federal agencies that develop 
regulations for toxic substances.  Recommendations 
provide valuable guidelines to protect public health, 
but cannot be enforced by law.  The Agency for 
Toxic Substances and Disease Registry (ATSDR) 
and the National Institute for Occupational Safety 
and Health (NIOSH) are two federal organizations 
that develop recommendations for toxic substances. 
 
Regulations and recommendations can be expressed 
as “not-to-exceed” levels, that is, levels of a toxic 
substance in air, water, soil, or food that do not 
exceed a critical value that is usually based on 
levels that affect animals; they are then adjusted to 

levels that will help protect humans.  Sometimes 
these not-to-exceed levels differ among federal 
organizations because they used different exposure 
times (an 8-hour workday or a 24-hour day), 
different animal studies, or other factors. 
 
Recommendations and regulations are also updated 
periodically as more information becomes available.  
For the most current information, check with the 
federal agency or organization that provides it.  
Some regulations and recommendations for 
ARSENIC include the following: 
 
The federal government has taken several steps to 
protect humans from arsenic.  First, EPA has set 
limits on the amount of arsenic that industrial 
sources can release into the environment.  Second, 
EPA has restricted or canceled many of the uses of 
arsenic in pesticides and is considering further 
restrictions.  Third, in January 2001, the EPA 
lowered the limit for arsenic in drinking water from 
50 to 10 ppb.  Finally, OSHA has established a 
permissible exposure limit (PEL), 8-hour time-
weighted average, of 10 μg/m3 for airborne arsenic 
in various workplaces that use inorganic arsenic. 
 

1.10   WHERE CAN I GET MORE 
INFORMATION? 

 
If you have any more questions or concerns, please 
contact your community or state health or 
environmental quality department, or contact 
ATSDR at the address and phone number below. 
 
ATSDR can also tell you the location of 
occupational and environmental health clinics.  
These clinics specialize in recognizing, evaluating, 
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and treating illnesses that result from exposure to 
hazardous substances. 
 
Toxicological profiles are also available on-line at 
www.atsdr.cdc.gov and on CD-ROM.  You may 
request a copy of the ATSDR ToxProfilesTM 
CD-ROM by calling the toll-free information and 
technical assistance number at 1-800-CDCINFO (1-
800-232-4636), by e-mail at cdcinfo@cdc.gov, or 
by writing to:  
 
Agency for Toxic Substances and Disease Registry 
Division of Toxicology and Environmental 
Medicine 
1600 Clifton Road NE 
Mailstop F-32 
Atlanta, GA 30333 
Fax:  1-770-488-4178 
 
Organizations for-profit may request copies of final 
Toxicological Profiles from the following: 
 
National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 
Phone:  1-800-553-6847 or 1-703-605-6000 
Web site:  http://www.ntis.gov/ 
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This fact sheet answers the most frequently asked health questions (FAQs) about arsenic.  For more
information, call the ATSDR Information Center at 1-800-232-4636.  This fact sheet is one in a series
of summaries about hazardous substances and their health effects.  It is important you understand this
information because this substance may harm you.  The effects of exposure to any hazardous substance
depend on the dose, the duration, how you are exposed, personal traits and habits, and whether other
chemicals are present.

HIGHLIGHTS:  Exposure to higher than average levels of arsenic occur mostly in
the workplace, near hazardous waste sites, or in areas with high natural levels.  At
high levels, inorganic arsenic can cause death.  Exposure to lower levels for a long
time can cause a discoloration of the skin and the appearance of small corns or
warts.  Arsenic has been found in at least 1,149 of the 1,684 National Priority List
sites identified by the Environmental Protection Agency (EPA).

What is arsenic?
Arsenic is a naturally occurring element widely distributed in
the earth’s crust.  In the environment, arsenic is combined
with oxygen, chlorine, and sulfur to form inorganic arsenic
compounds.  Arsenic in animals and plants combines with
carbon and hydrogen to form organic arsenic compounds.

Inorganic arsenic compounds are mainly used to preserve
wood.  Copper chromated arsenate (CCA) is used to make
“pressure-treated” lumber.  CCA is no longer used in the
U.S. for residential uses; it is still used in industrial
applications.  Organic arsenic compounds are used as
pesticides, primarily on cotton fields and orchards.

What happens to arsenic when it enters the
environment?
‘ Arsenic occurs naturally in soil and minerals and may
enter the air, water, and land from wind-blown dust and may
get into water from runoff and leaching.
‘ Arsenic cannot be destroyed in the environment.  It can
only change its form.
‘ Rain and snow remove arsenic dust particles from the air.
‘ Many common arsenic compounds can dissolve in water.
Most of the arsenic in water will ultimately end up in soil or
sediment.
‘ Fish and shellfish can accumulate arsenic; most of this
arsenic is in an organic form called arsenobetaine that is
much less harmful.

How might I be exposed to arsenic?
‘ Ingesting small amounts present in your food and water
or breathing air containing arsenic.
‘ Breathing sawdust or burning smoke from wood treated
with arsenic.
‘ Living in areas with unusually high natural levels of
arsenic in rock.
‘ Working in a job that involves arsenic production or use,
such as copper or lead smelting, wood treating, or pesticide
application.

How can arsenic affect my health?
Breathing high levels of inorganic arsenic can give you a
sore throat or irritated lungs.

Ingesting very high levels of arsenic can result in death.
Exposure to lower levels can cause nausea and vomiting,
decreased production of red and white blood cells, abnormal
heart rhythm, damage to blood vessels, and a sensation of
“pins and needles” in hands and feet.

Ingesting or breathing low levels of inorganic arsenic for a
long time can cause a darkening of the skin and the
appearance of small “corns” or “warts” on the palms, soles,
and torso.

Skin contact with inorganic arsenic may cause redness and
swelling.

ARSENIC
CAS # 7440-38-2
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ToxFAQsTM Internet address is http://www.atsdr.cdc.gov/toxfaq.html

Where can I get more information?   For more information, contact the Agency for Toxic Substances and Disease
Registry, Division of Toxicology and Environmental Medicine, 1600 Clifton Road NE, Mailstop F-32, Atlanta, GA 30333. Phone:
1-800-232-4636, FAX:  770-488-4178.  ToxFAQs Internet address via WWW is http://www.atsdr.cdc.gov/toxfaq.html.  ATSDR
can tell you where to find occupational and environmental health clinics.  Their specialists can recognize, evaluate, and treat
illnesses resulting from exposure to hazardous substances.  You can also contact your community or state health or environmental
quality department if you have any more questions or concerns.

Almost nothing is known regarding health effects of organic
arsenic compounds in humans.  Studies in animals show that
some simple organic arsenic compounds are less toxic than
inorganic forms.  Ingestion of methyl and dimethyl
compounds can cause diarrhea and damage to the kidneys

How likely is arsenic to cause cancer?
Several studies have shown that ingestion of inorganic
arsenic can increase the risk of skin cancer and cancer in the
liver, bladder, and lungs.  Inhalation of inorganic arsenic can
cause increased risk of lung cancer.  The Department of
Health and Human Services (DHHS) and the EPA have
determined that inorganic arsenic is a known human
carcinogen.  The International Agency for Research on
Cancer (IARC) has determined that inorganic arsenic is
carcinogenic to humans.

How can arsenic affect children?
There is some evidence that long-term exposure to arsenic in
children may result in lower IQ scores.  There is also some
evidence that exposure to arsenic in the womb and early
childhood may increase mortality in young adults.

There is some evidence that inhaled or ingested arsenic can
injure pregnant women or their unborn babies, although the
studies are not definitive.  Studies in animals show that large
doses of arsenic that cause illness in pregnant females, can
also cause low birth weight, fetal malformations, and even
fetal death.  Arsenic can cross the placenta and has been
found in fetal tissues.  Arsenic is found at low levels in
breast milk.

How can families reduce the risks of exposure to
arsenic?
‘ If you use arsenic-treated wood in home projects, you
should wear dust masks, gloves, and protective clothing to
decrease exposure to sawdust.

‘ If you live in an area with high levels of arsenic in water
or soil, you should use cleaner sources of water and limit
contact with soil.
‘ If you work in a job that may expose you to arsenic, be aware
that you may carry arsenic home on your clothing, skin, hair, or
tools.  Be sure to shower and change clothes before going home.

Is there a medical test to determine whether I’ve
been exposed to arsenic?
There are tests available to measure arsenic in your blood, urine,
hair, and fingernails.  The urine test is the most reliable test for
arsenic exposure within the last few days. Tests on hair and
fingernails can measure exposure to high levels of arsenic over
the past 6-12 months.  These tests can determine if you have
been exposed to above-average levels of arsenic.  They cannot
predict whether the arsenic levels in your body will affect your
health.

Has the federal government made recommendations
to protect human health?
The EPA has set limits on the amount of arsenic that
industrial sources can release to the environment and has
restricted or cancelled many of the uses of arsenic in
pesticides.  EPA has set a limit of 0.01 parts per million (ppm)
for arsenic in drinking water.

The Occupational Safety and Health Administration (OSHA)
has set a permissible exposure limit (PEL) of 10 micrograms
of arsenic per cubic meter of workplace air (10 μg/m³) for 8
hour shifts and 40 hour work weeks.

References
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This Public Health Statement is the summary 
chapter from the Toxicological Profile for Lead.  It 
is one in a series of Public Health Statements about 
hazardous substances and their health effects.  A 
shorter version, the ToxFAQs™, is also available.  
This information is important because this 
substance may harm you.  The effects of exposure 
to any hazardous substance depend on the dose, the 
duration, how you are exposed, personal traits and 
habits, and whether other chemicals are present.  
For more information, call the ATSDR Information 
Center at 1-800-232-4636. 
__________________________________________ 
 
This public health statement tells you about lead 
and the effects of exposure to it.   
 
The Environmental Protection Agency (EPA) 
identifies the most serious hazardous waste sites in 
the nation.  These sites are then placed on the 
National Priorities List (NPL) and are targeted for 
long-term federal clean-up activities.  Lead has been 
found in at least 1,272 of the 1,684 current or 
former NPL sites.  Although the total number of 
NPL sites evaluated for this substance is not known, 
the possibility exists that the number of sites at 
which lead is found may increase in the future as 
more sites are evaluated.  This information is 
important because these sites may be sources of 
exposure and exposure to this substance may harm 
you. 
 
When a substance is released either from a large 
area, such as an industrial plant, or from a container, 
such as a drum or bottle, it enters the environment.  
Such a release does not always lead to exposure.  
You can be exposed to a substance only when you 
come in contact with it.  You may be exposed by 

breathing, eating, or drinking the substance, or by 
skin contact. 
 
If you are exposed to lead, many factors will 
determine whether you will be harmed.  These 
factors include the dose (how much), the duration 
(how long), and how you come in contact with it.  
You must also consider any other chemicals you are 
exposed to and your age, sex, diet, family traits, 
lifestyle, and state of health. 
 

1.1   WHAT IS LEAD? 
 
Lead is a heavy, low melting, bluish-gray metal that 
occurs naturally in the Earth's crust.  However, it is 
rarely found naturally as a metal.  It is usually found 
combined with two or more other elements to form 
lead compounds.  
 
Metallic lead is resistant to corrosion (i.e., not easily 
attacked by air or water).  When exposed to air or 
water, thin films of lead compounds are formed that 
protect the metal from further attack.  Lead is easily 
molded and shaped.  Lead can be combined with 
other metals to form alloys.  Lead and lead alloys 
are commonly found in pipes, storage batteries, 
weights, shot and ammunition, cable covers, and 
sheets used to shield us from radiation.  The largest 
use for lead is in storage batteries in cars and other 
vehicles. 
 
Lead compounds are used as a pigment in paints, 
dyes, and ceramic glazes and in caulk.  The amount 
of lead used in these products has been reduced in 
recent years to minimize lead’s harmful effect on 
people and animals.  Tetraethyl lead and tetramethyl 
lead were once used in the United States as gasoline 
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additives to increase octane rating.  However, their 
use was phased out in the United States in the 
1980s, and lead was banned for use in gasoline for 
motor vehicles beginning January 1, 1996.  
Tetraethyl lead may still be used in gasoline for off-
road vehicles and airplanes.  It is also still used in a 
number of developing countries.  Lead used in 
ammunition, which is the largest non-battery end-
use, has remained fairly constant in recent years.  
However, even the use of lead in bullets and shot as 
well as in fishing sinkers is being reduced because 
of its harm to the environment.  
 
Most lead used by industry comes from mined ores 
("primary") or from recycled scrap metal or 
batteries ("secondary").  Lead is mined in the 
United States, primarily in Alaska and Missouri.  
However, most lead today is “secondary” lead 
obtained from lead-acid batteries.  It is reported that 
97% of these batteries are recycled.   
 

1.2   WHAT HAPPENS TO LEAD WHEN IT 
ENTERS THE ENVIRONMENT? 
 
Lead occurs naturally in the environment.  
However, most of the high levels found throughout 
the environment come from human activities.  
Environmental levels of lead have increased more 
than 1,000-fold over the past three centuries as a 
result of human activity.  The greatest increase 
occurred between the years 1950 and 2000, and 
reflected increasing worldwide use of leaded 
gasoline.  Lead can enter the environment through 
releases from mining lead and other metals, and 
from factories that make or use lead, lead alloys, or 
lead compounds.  Lead is released into the air 
during burning coal, oil, or waste.  Before the use of 

leaded gasoline was banned, most of the lead 
released into the U.S. environment came from 
vehicle exhaust.  In 1979, cars released 94.6 million 
kilograms (208.1 million pounds) of lead into the 
air in the United States.  In 1989, when the use of 
lead was limited but not banned, cars released only 
2.2 million kg (4.8 million pounds) to the air.  Since 
EPA banned the use of leaded gasoline for highway 
transportation in 1996, the amount of lead released 
into the air has decreased further.  Before the 1950s, 
lead was used in pesticides applied to fruit orchards.  
Once lead gets into the atmosphere, it may travel 
long distances if the lead particles are very small.  
Lead is removed from the air by rain and by 
particles falling to land or into surface water. 
 
Sources of lead in dust and soil include lead that 
falls to the ground from the air, and weathering and 
chipping of lead-based paint from buildings, 
bridges, and other structures.  Landfills may contain 
waste from lead ore mining, ammunition 
manufacturing, or other industrial activities such as 
battery production.  Disposal of lead-containing 
products contribute to lead in municipal landfills.  
Past uses of lead such as its use in gasoline are a 
major contributor to lead in soil, and higher levels 
of lead in soil are found near roadways.  Most of the 
lead in inner city soils comes from old houses with 
paint containing lead and previous automotive 
exhaust emitted when gasoline contained lead. 
 
Once lead falls onto soil, it sticks strongly to soil 
particles and remains in the upper layer of soil.  
That is why past uses of lead such as lead in 
gasoline, house paint, and pesticides are so 
important in the amount of lead found in soil.   
 
Small amounts of lead may enter rivers, lakes, and 
streams when soil particles are moved by rainwater.  
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Small amounts of lead from lead pipe or solder may 
be released into water when the water is acidic or 
“soft”.  Lead may remain stuck to soil particles or 
sediment in water for many years.  Movement of 
lead from soil particles into groundwater is unlikely 
unless the rain falling on the soil is acidic or "soft".  
Movement of lead from soil will also depend on the 
type of lead compound and on the physical and 
chemical characteristics of the soil.  
 
Sources of lead in surface water or sediment include 
deposits of lead-containing dust from the 
atmosphere, waste water from industries that handle 
lead (primarily iron and steel industries and lead 
producers), urban runoff, and mining piles.   
 
Some lead compounds are changed into other forms 
of lead by sunlight, air, and water.  However, 
elemental lead cannot be broken down. 
 
The levels of lead may build up in plants and 
animals from areas where air, water, or soil are 
contaminated with lead.  If animals eat 
contaminated plants or animals, most of the lead 
that they eat will pass through their bodies. 
 

1.3   HOW MIGHT I BE EXPOSED TO LEAD? 
 
Lead is commonly found in soil especially near 
roadways, older houses, old orchards, mining areas, 
industrial sites, near power plants, incinerators, 
landfills, and hazardous waste sites.  People living 
near hazardous waste sites may be exposed to lead 
and chemicals that contain lead by breathing air, 
drinking water, eating foods, or swallowing dust or 
dirt that contain lead.  People may be exposed to 
lead by eating food or drinking water that contains 

lead.  Drinking water in houses containing lead 
pipes may contain lead, especially if the water is 
acidic or “soft”.  If one is not certain whether an 
older building contains lead pipes, it is best to let 
the water run a while before drinking it so that any 
lead formed in the pipes can be flushed out.  People 
living in areas where there are old houses that have 
been painted with lead paint may be exposed to 
higher levels of lead in dust and soil.  Similarly, 
people who live near busy highways or on old 
orchard land where lead arsenate pesticides were 
used in the past may be exposed to higher levels of 
lead.  People may also be exposed to lead when 
they work in jobs where lead is used or have 
hobbies in which lead is used, such as making 
stained glass. 
 
Foods may contain small amounts of lead.  
However, since lead solder is no longer used in 
cans, very little lead is found in food.  Leafy fresh 
vegetables grown in lead-containing soils may have 
lead-containing dust on them.  Lead may also enter 
foods if they are put into improperly glazed pottery 
or ceramic dishes and from leaded-crystal 
glassware.  Illegal whiskey made using stills that 
contain lead-soldered parts (such as truck radiators) 
may also contain lead.  Cigarette smoke may also 
contain small amounts of lead.  The amount of lead 
found in canned foods decreased 87% from 1980 to 
1988 in the United States, which indicates that the 
chance of exposure to lead in canned food from 
lead-soldered containers has been greatly reduced.  
Lead-soldered cans are still used in some other 
nations.  In the most recent studies, lead was not 
detectable in most foods and the average dietary 
intake of lead was about 1 microgram (a microgram 
is a millionth of a gram) per kilogram of body 
weight per day.  Children may be exposed to lead 
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by hand-to-mouth contact after exposure to lead-
containing soil or dust. 
 
In general, very little lead is found in lakes, rivers, 
or groundwater used to supply the public with 
drinking water.  More than 99% of all publicly 
supplied drinking water contains less than 
0.005 parts of lead per million parts of water (ppm).  
However, the amount of lead taken into your body 
through drinking water can be higher in 
communities with acidic water supplies.  Acidic 
water makes it easier for the lead found in pipes, 
leaded solder, and brass faucets to be dissolved and 
to enter the water we drink.  Public water treatment 
systems are now required to use control measures to 
make water less acidic.  Plumbing that contains lead 
may be found in public drinking water systems, and 
in houses, apartment buildings, and public buildings 
that are more than 20 years old.  However, as 
buildings age, mineral deposits form a coating on 
the inside of the water pipes that insulates the water 
from lead in the pipe or solder, thus reducing the 
amount of lead that can leach into the water.  Since 
1988, regulations require that drinking water 
coolers must not contain lead in parts that come into 
contact with drinking water. 
 
Breathing in, or swallowing airborne dust and dirt, 
is another way you can be exposed to lead.  In 1984, 
burning leaded gasoline was the single largest 
source of lead emissions.  Very little lead in the air 
comes from gasoline now because EPA has banned 
its use in gasoline for motor vehicles.  Other sources 
of lead in the air include releases to the air from 
industries involved in iron and steel production, 
lead-acid-battery manufacturing, and nonferrous 
(brass and bronze) foundries.  Lead released into air 
may also come from burning of solid waste that 
contains lead, windblown dust, volcanoes, exhaust 

from workroom air, burning or weathering of lead-
painted surfaces, fumes and exhaust from leaded 
gasoline, and cigarette smoke.   
 
Skin contact with dust and dirt containing lead 
occurs every day.  Recent data have shown that 
inexpensive cosmetic jewelry pieces sold to the 
general public may contain high levels of lead 
which may be transferred to the skin through 
routine handling.  However, not much lead can get 
into your body through your skin. 
 
In the home, you or your children may be exposed 
to lead if you take some types of home remedy 
medicines that contain lead compounds.  Lead 
compounds are in some non-Western cosmetics, 
such as surma and kohl.  Some types of hair 
colorants, cosmetics, and dyes contain lead acetate.  
Read the labels on hair coloring products, use them 
with caution, and keep them away from children. 
 
People who are exposed at work are usually 
exposed by breathing in air that contains lead 
particles.  Exposure to lead occurs in many jobs.  
People who work in lead smelting and refining 
industries, brass/bronze foundries, rubber products 
and plastics industries, soldering, steel welding and 
cutting operations, battery manufacturing plants, 
and lead compound manufacturing industries may 
be exposed to lead.  Construction and demolition 
workers and people who work at municipal waste 
incinerators, pottery and ceramics industries, 
radiator repair shops, and other industries that use 
lead solder may also be exposed.  Painters who sand 
or scrape old paint may be exposed to lead in dust.  
Between 0.5 and 1.5 million workers are exposed to 
lead in the workplace.  In California alone, more 
than 200,000 workers are exposed to lead.  Families 
of workers may be exposed to higher levels of lead 
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when workers bring home lead dust on their work 
clothes. 
 
You may also be exposed to lead in the home if you 
work with stained glass as a hobby, make lead 
fishing weights or ammunition, or if you are 
involved in home renovation that involves the 
removal of old lead-based paint. 
 

1.4   HOW CAN LEAD ENTER AND LEAVE 
MY BODY? 
 
Some of the lead that enters your body comes from 
breathing in dust or chemicals that contain lead.  
Once this lead gets into your lungs, it goes quickly 
to other parts of the body in your blood. 
 
Larger particles that are too large to get into your 
lungs can be coughed up and swallowed.  You may 
also swallow lead by eating food and drinking 
liquids that contain it.  Most of the lead that enters 
your body comes through swallowing, even though 
very little of the amount you swallow actually 
enters your blood and other parts of your body.  The 
amount that gets into your body from your stomach 
partially depends on when you ate your last meal.  It 
also depends on how old you are and how well the 
lead particles you ate dissolved in your stomach 
juices.  Experiments using adult volunteers showed 
that, for adults who had just eaten, the amount of 
lead that got into the blood from the stomach was 
only about 6% of the total amount taken in.  In 
adults who had not eaten for a day, about 60–80% 
of the lead from the stomach got into their blood.  In 
general, if adults and children swallow the same 
amount of lead, a bigger proportion of the amount 

swallowed will enter the blood in children than in 
adults.  Children absorb about 50% of ingested lead. 
 
Dust and soil that contain lead may get on your 
skin, but only a small portion of the lead will pass 
through your skin and enter your blood if it is not 
washed off.  You can, however, accidentally 
swallow lead that is on your hands when you eat, 
drink, smoke, or apply cosmetics (for example, lip 
balm).  More lead can pass through skin that has 
been damaged (for example, by scrapes, scratches, 
and wounds).  The only kinds of lead compounds 
that easily penetrate the skin are the additives in 
leaded gasoline, which is no longer sold to the 
general public.  Therefore, the general public is not 
likely to encounter lead that can enter through the 
skin. 
 
Shortly after lead gets into your body, it travels in 
the blood to the "soft tissues" and organs (such as 
the liver, kidneys, lungs, brain, spleen, muscles, and 
heart).  After several weeks, most of the lead moves 
into your bones and teeth.  In adults, about 94% of 
the total amount of lead in the body is contained in 
the bones and teeth.  About 73% of the lead in 
children’s bodies is stored in their bones.  Some of 
the lead can stay in your bones for decades; 
however, some lead can leave your bones and 
reenter your blood and organs under certain 
circumstances (e.g., during pregnancy and periods 
of breast feeding, after a bone is broken, and during 
advancing age). 
 
Your body does not change lead into any other 
form.  Once it is taken in and distributed to your 
organs, the lead that is not stored in your bones 
leaves your body in your urine or your feces.  About 
99% of the amount of lead taken into the body of an 
adult will leave in the waste within a couple of 
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weeks, but only about 32% of the lead taken into 
the body of a child will leave in the waste.  Under 
conditions of continued exposure, not all of the lead 
that enters the body will be eliminated, and this may 
result in accumulation of lead in body tissues, 
especially bone. 
 

1.5   HOW CAN LEAD AFFECT MY 
HEALTH? 
 
Scientists use many tests to protect the public from 
harmful effects of toxic chemicals and to find ways 
for treating persons who have been harmed. 
 
One way to learn whether a chemical will harm 
people is to determine how the body absorbs, uses, 
and releases the chemical.  For some chemicals, 
animal testing may be necessary.  Animal testing 
may also help identify health effects such as cancer 
or birth defects.  Without laboratory animals, 
scientists would lose a basic method for getting 
information needed to make wise decisions that 
protect public health.  Scientists have the 
responsibility to treat research animals with care 
and compassion.  Scientists must comply with strict 
animal care guidelines because laws today protect 
the welfare of research animals. 
 
The effects of lead are the same whether it enters 
the body through breathing or swallowing.  The 
main target for lead toxicity is the nervous system, 
both in adults and children.  Long-term exposure of 
adults to lead at work has resulted in decreased 
performance in some tests that measure functions of 
the nervous system.  Lead exposure may also cause 
weakness in fingers, wrists, or ankles.  Lead 
exposure also causes small increases in blood 

pressure, particularly in middle-aged and older 
people.  Lead exposure may also cause anemia.  At 
high levels of exposure, lead can severely damage 
the brain and kidneys in adults or children and 
ultimately cause death.  In pregnant women, high 
levels of exposure to lead may cause miscarriage.  
High-level exposure in men can damage the organs 
responsible for sperm production.  
 
We have no conclusive proof that lead causes 
cancer (is carcinogenic) in humans.  Kidney tumors 
have developed in rats and mice that had been given 
large doses of some kind of lead compounds.  The 
Department of Health and Human Services (DHHS) 
has determined that lead and lead compounds are 
reasonably anticipated to be human carcinogens 
based on limited evidence from studies in humans 
and sufficient evidence from animal studies, and the 
EPA has determined that lead is a probable human 
carcinogen.  The International Agency for Research 
on Cancer (IARC) has determined that inorganic 
lead is probably carcinogenic to humans.  IARC 
determined that organic lead compounds are not 
classifiable as to their carcinogenicity in humans 
based on inadequate evidence from studies in 
humans and in animals. 
 

1.6   HOW CAN LEAD AFFECT CHILDREN? 
 
This section discusses potential health effects in 
humans from exposures during the period from 
conception to maturity at 18 years of age.  
 
Studies carried out by the Centers for Disease 
Control and Prevention (CDC) show that the levels 
of lead in the blood of U.S. children have been 
getting lower and lower.  This result is because lead 
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is banned from gasoline, residential paint, and 
solder used for food cans and water pipes.  
However, about 310,000 U.S. children between the 
ages of 1 and 5 years are believed to have blood 
lead levels equal or greater than 10 μg/dL, the level 
targeted for elimination among young children in 
the Unites States by 2010.  
 
Children are more vulnerable to lead poisoning than 
adults.  Children are exposed to lead all through 
their lives.  They can be exposed to lead in the 
womb if their mothers have lead in their bodies.  
Babies can swallow lead when they breast feed, or 
eat other foods, and drink water that contains lead.  
Babies and children can swallow and breathe lead in 
dirt, dust, or sand while they play on the floor or 
ground.  These activities make it easier for children 
to be exposed to lead than adults.  The dirt or dust 
on their hands, toys, and other items may have lead 
particles in it.  In some cases, children swallow 
nonfood items such as paint chips; these may 
contain very large amounts of lead, particularly in 
and around older houses that were painted with 
lead-based paint.  The paint in these houses often 
chips off and mixes with dust and dirt.  Some old 
paint contains as much as 50% lead.  Also, 
compared with adults, a bigger proportion of the 
amount of lead swallowed will enter the blood in 
children.  
 
Children are more sensitive to the health effects of 
lead than adults.  No safe blood lead level in 
children has been determined.  Lead affects children 
in different ways depending on how much lead a 
child swallows.  A child who swallows large 
amounts of lead may develop anemia, kidney 
damage, colic (severe “stomach ache”), muscle 
weakness, and brain damage, which ultimately can 
kill the child.  In some cases, the amount of lead in 

the child’s body can be lowered by giving the child 
certain drugs that help eliminate lead from the body.  
If a child swallows smaller amounts of lead, such as 
dust containing lead from paint, much less severe 
but still important effects on blood, development, 
and behavior may occur.  In this case, recovery is 
likely once the child is removed from the source of 
lead exposure, but there is no guarantee that the 
child will completely avoid all long-term 
consequences of lead exposure.  At still lower levels 
of exposure, lead can affect a child’s mental and 
physical growth.  Fetuses exposed to lead in the 
womb, because their mothers had a lot of lead in 
their bodies, may be born prematurely and have 
lower weights at birth.  Exposure in the womb, in 
infancy, or in early childhood also may slow mental 
development and cause lower intelligence later in 
childhood.  There is evidence that these effects may 
persist beyond childhood. 
 
Children with high blood lead levels do not have 
specific symptoms.  However, health workers can 
find out whether a child may have been exposed to 
harmful levels of lead by taking a blood sample.  
They can also find out how much lead is in a child’s 
bones by taking a special type of x-ray of the finger, 
knee, or elbow.  This type of test, however, is not 
routine. 
 

1.7   HOW CAN FAMILIES REDUCE THE 
RISK OF EXPOSURE TO LEAD? 
 
If your doctor finds that you have been exposed to 
substantial amounts of lead, ask whether your 
children might also have been exposed.  Your 
doctor might need to ask your state health 
department to investigate. 
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The most important way families can lower 
exposures to lead is to know about the sources of 
lead in their homes and avoid exposure to these 
sources.  Some homes or day-care facilities may 
have more lead in them than others.  Families who 
live in or visit these places may be exposed to 
higher amounts of lead.  These include homes built 
before 1978 that may have been painted with paint 
that contains lead (lead-based paint).  If you are 
buying a home that was built before 1978, you may 
want to know if it contains lead based paint.  
Federal government regulations require a person 
selling a home to tell the real estate agent or person 
buying the home of any known lead-based hazards 
on the property.  Adding lead to paint is no longer 
allowed.  If your house was built before 1978, it 
may have been painted with lead-based paint.  This 
lead may still be on walls, floors, ceilings, and 
window sills, or on the outside walls of the house.  
The paint may have been scraped off by a previous 
owner, but paint chips and lead-containing dust may 
still be in the yard soil.  Decaying, peeling, or 
flaking paint can introduce lead into household dust 
and the area where this is occurring should be 
repainted.  If your paint is decaying or your child 
has symptoms of lead poisoning, you may want to 
have your house tested for lead.  In some states, 
homeowners can have the paint in their homes 
tested for lead by their local health departments.  
The National Lead Information Center (1-800-532-
3394) has a listing of approved risk assessors 
(people who have met certain criteria and are 
qualified to assess the potential risks of a site) and 
of approved testing laboratories (for soil, paint, and 
dust). 
 
Sanding surfaces painted with lead-based paint or 
using heat to peel the paint may cause exposure to 
high levels of lead.  Many cases of lead poisoning 

have resulted from do-it-yourself home renovations.  
Therefore, any renovations should be performed by 
a licensed contractor who will minimize exposure to 
household members.  It is important for the area 
being renovated to be isolated from the rest of the 
house because of lead-containing dust.  The federal 
government requires that contractors who test for or 
remove lead must be certified by the EPA or an 
EPA-approved state program.  Ask to see 
certifications of potential contractors.  Your state 
health department or environmental protection 
division should be able to identify certified 
contractors for you.  The National Lead Abatement 
Council (P.O. Box 535; Olney, MD 20932; 
telephone 301-924-5490) can also send you a list of 
certified contractors. 
 
Families can lower the possibility of children 
swallowing paint chips by discouraging their 
children from chewing or putting these painted 
surfaces in their mouths and making sure that they 
wash their hands often, especially before eating.  
Lead can be found in dirt and dust.  Areas where 
levels of lead in dirt might be especially high are 
near old houses, highways, or old orchards.  Some 
children have the habit of eating dirt (the term for 
this activity is pica).  Discourage your children from 
eating dirt and other hand-to-mouth activity.   
 
Non-Western folk remedies used to treat diarrhea or 
other ailments may contain substantial amounts of 
lead.  Examples of these include:  Alarcon, 
Ghasard, Alkohl, Greta, Azarcon, Liga, Bali Goli, 
Pay-loo-ah, Coral, and Rueda.  If you give your 
children these substances or if you are pregnant or 
nursing, you may expose your children to lead.  It is 
wise to know the ingredients of any medicines that 
you or your children use.  
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Older homes that have plumbing containing lead 
may have higher amounts of lead in drinking water.  
Inside plumbing installed before 1930 is most likely 
to contain high levels of lead.  Copper pipes have 
replaced lead pipes in most residential plumbing.  
You cannot see, taste, or smell lead in water, and 
boiling your water will not get rid of lead.  If you 
have a water-lead problem, EPA recommends that 
anytime water in a particular faucet has not been 
used for 6 hours or longer, you should flush your 
cold water pipes by running water until it is cold 
(5 seconds–2 minutes).  Because lead dissolves 
more easily in warm water than in cold water, you 
should only use cold water for drinking, cooking, 
and preparing baby formula.  You can contact your 
local health department or water supplier to find out 
about testing your water for lead.  If your water 
tests indicate a significant presence of lead, consult 
your water supplier or local health department about 
possible remedies.   
 
You can bring lead home in the dust on your hands 
or clothes if lead is used in the place where you 
work.  Lead dust is likely to be found in places 
where lead is mined or smelted, where car batteries 
are made or recycled, where electric cable sheathing 
is made, where fine crystal glass is made, or where 
certain types of ceramic pottery are made.  Pets can 
also bring lead into the home in dust or dirt on their 
fur or feet if they spend time in places that have 
high levels of lead in the soil. 
 
Swallowing of lead in house dust or soil is a very 
important exposure pathway for children.  This 
problem can be reduced in many ways.  Regular 
hand and face washing to remove lead dusts and 
soil, especially before meals, can lower the 
possibility that lead on the skin is accidentally 
swallowed while eating.  Families can lower 

exposures to lead by regularly cleaning the home of 
dust and tracked in soil.  Door mats can help lower 
the amount of soil that is tracked into the home; 
removing your shoes before entering the home will 
also help.  Planting grass and shrubs over bare soil 
areas in the yard can lower contact that children and 
pets may have with soil and the tracking of soil into 
the home.   
 
Families whose members are exposed to lead dusts 
at work can keep these dusts out of reach of 
children by showering and changing clothes before 
leaving work, and bagging their work clothes before 
they are brought into the home for cleaning.  Proper 
ventilation and cleaning—during and after hobby 
activities, home or auto repair activities, and hair 
coloring with products that contain lead—will 
decrease the possibility of exposure.   
 
Lead-containing dust may be deposited on plant 
surfaces and lead may be taken up in certain edible 
plants from the soil by the roots; therefore, home 
gardening may also contribute to exposure if the 
produce is grown in soils that have high lead 
concentrations.  Vegetables should be well washed 
before eating to remove surface deposits.  Certain 
hobbies and home or car repair activities like 
radiator repair can add lead to the home as well.  
These include soldering glass or metal, making 
bullets or slugs, or glazing pottery.  Some types of 
paints and pigments that are used as facial make-up 
or hair coloring contain lead.  Cosmetics that 
contain lead include surma and kohl, which are 
popular in certain Asian countries.  Read the labels 
on hair coloring products, and keep hair dyes that 
contain lead acetate away from children.  Do not 
allow children to touch hair that has been colored 
with lead-containing dyes or any surfaces that have 
come into contact with these dyes because lead 
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compounds can rub off onto their hands and be 
transferred to their mouths. 
 
It is important that children have proper nutrition 
and eat a balanced diet of foods that supply 
adequate amounts of vitamins and minerals, 
especially calcium and iron.  Good nutrition lowers 
the amount of swallowed lead that passes to the 
bloodstream and also may lower some of the toxic 
effects of lead. 
 

1.8   IS THERE A MEDICAL TEST TO 
DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO LEAD? 
 
The amount of total lead in the blood can be 
measured to determine if exposure to lead has 
occurred.  This test shows if you have been recently 
exposed to lead.  Lead can be measured in teeth or 
bones by x-ray techniques, but these methods are 
not widely available.  These tests show long-term 
exposures to lead.  The primary screening method is 
measurement of blood lead.  Exposure to lead also 
can be evaluated by measuring erythrocyte 
protoporphyrin (EP) in blood samples.  EP is a part 
of red blood cells known to increase when the 
amount of lead in the blood is high.  However, the 
EP level is not sensitive enough to identify children 
with elevated blood lead levels below about 
25 micrograms per deciliter (μg/dL).  These tests 
usually require special analytical equipment that is 
not available in a doctor’s office.  However, your 
doctor can draw blood samples and send them to 
appropriate laboratories for analysis. 
 

1.9   WHAT RECOMMENDATIONS HAS THE 
FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 
 
The federal government develops regulations and 
recommendations to protect public health.  
Regulations can be enforced by law.  The EPA, the 
Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Administration 
(FDA) are some federal agencies that develop 
regulations for toxic substances.  Recommendations 
provide valuable guidelines to protect public health, 
but cannot be enforced by law.  The Agency for 
Toxic Substances and Disease Registry (ATSDR) 
and the National Institute for Occupational Safety 
and Health (NIOSH) are two federal organizations 
that develop recommendations for toxic substances. 
 
Regulations and recommendations can be expressed 
as “not-to-exceed” levels, that is, levels of a toxic 
substance in air, water, soil, or food that do not 
exceed a critical value that is usually based on 
levels that affect animals; they are then adjusted to 
levels that will help protect humans.  Sometimes 
these not-to-exceed levels differ among federal 
organizations because they used different exposure 
times (an 8-hour workday or a 24-hour day), 
different animal studies, or other factors. 
 
Recommendations and regulations are also updated 
periodically as more information becomes available.  
For the most current information, check with the 
federal agency or organization that provides it.  
Some regulations and recommendations for lead 
include the following: 
 
CDC recommends that states develop a plan to find 
children who may be exposed to lead and have their 
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blood tested for lead.  CDC recommends that the 
states test children: 
 

• at ages 1 and 2 years; 
 
• at ages 3–6 years if they have never 

been tested for lead; 
 
• if they receive services from public 

assistance programs for the poor 
such as Medicaid or the 
Supplemental Food Program for 
Women, Infants, and Children; 

 
• if they live in a building or 

frequently visit a house built before 
1950; 

 
• if they visit a home (house or 

apartment) built before 1978 that has 
been recently remodeled; and/or 

 
• if they have a brother, sister, or 

playmate who has had lead 
poisoning. 

 
CDC considers children to have an elevated level of 
lead if the amount of lead in the blood is at least 
10 μg/dL.  Many states or local programs provide 
intervention to individual children with blood lead 
levels equal to or greater than 10 μg/dL.  Medical 
evaluation and environmental investigation and 
remediation should be done for all children with 
blood lead levels equal to or greater than 20 μg/dL.  
Medical treatment (i.e., chelation therapy) may be 
necessary in children if the lead concentration in 
blood is higher than 45 μg/dL. 
 

EPA requires that the concentration of lead in air 
that the public breathes be no higher than 
1.5 micrograms per cubic meter (μg/m3) averaged 
over 3 months.  EPA regulations no longer allow 
lead in gasoline.  The Clean Air Act Amendments 
(CAAA) of 1990 banned the sale of leaded gasoline 
as of December 31, 1995. 
 
Under the Lead Copper Rule (LCR), EPA requires 
testing of public water systems, and if more than 
10% of the samples at residences contain lead levels 
over 0.015 milligrams per liter (mg/L), actions must 
be taken to lower these levels.  Testing for lead in 
drinking water in schools is not required unless a 
school is regulated under a public water system.  
The 1988 Lead Contamination Control Act (LCCA) 
was created to help reduce lead in drinking water at 
schools and daycare centers.  The LCCA created 
lead monitoring and reporting requirements for 
schools, as well as the replacement of fixtures that 
contain high levels of lead.  However, the 
provisions in the LCCA are not enforceable by the 
federal government and individual states have the 
option to voluntarily comply with these provisions 
or create their own. 
 
To help protect small children, the Consumer 
Product Safety Commission (CPSC) requires that 
the concentration of lead in most paints available 
through normal consumer channels be not more 
than 0.06%.  The Federal Hazardous Substance Act 
(FHSA) bans children’s products containing 
hazardous amounts of lead.  
 
The Department of Housing and Urban 
Development (HUD) develops recommendations 
and regulations to prevent exposure to lead.  HUD 
requires that federally funded housing and 
renovations, Public and Indian housing be tested for 
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lead-based paint hazards and that such hazards be 
fixed by covering the paint or removing it.  When 
determining whether lead-based paint applied to 
interior or exterior painted surfaces of dwellings 
should be removed, the standard used by EPA and 
HUD is that paint with a lead concentration equal to 
or greater than 1.0 milligram per square centimeter 
(mg/cm2) of surface area should be removed or 
otherwise treated.  HUD is carrying out 
demonstration projects to determine the best ways 
of covering or removing lead-based paint in 
housing. 
 
EPA has developed standards for lead-paint 
hazards, lead in dust, and lead in soil.  To educate 
parents, homeowners, and tenants about lead 
hazards, lead poisoning prevention in the home, and 
the lead abatement process, EPA has published 
several general information pamphlets.  Copies of 
these pamphlets can be obtained from the National 
Lead Information Center or from various Internet 
sites, including http://www.epa.gov/opptintr/lead. 
 
OSHA regulations limit the concentration of lead in 
workroom air to 50 μg/m3 for an 8-hour workday.  
If a worker has a blood lead level of 50 μg/dL or 
higher, then OSHA requires that the worker be 
removed from the workroom where lead exposure is 
occurring.  
 
FDA includes lead on its list of poisonous and 
deleterious substances.  FDA considers foods 
packaged in cans containing lead solders to be 
unsafe.  Tin-coated lead foil has been used as a 
covering applied over the cork and neck areas of 
wine bottles for decorative purposes and to prevent 
insect infestations.  Because it can be reasonably 
expected that lead could become a component of the 
wine, the use of such foil is also a violation of the 

Federal Food, Drug, and Cosmetic Act.  FDA has 
reviewed several direct human food ingredients 
(i.e., food dyes) and has determined them to be 
“generally recognized as safe” when used in 
accordance with current good manufacturing 
practices.  Some of these ingredients contain 
allowable lead concentrations that range from 0.1 to 
10 ppm. 
 

1.10   WHERE CAN I GET MORE 
INFORMATION? 
 
If you have any more questions or concerns, please 
contact your community or state health or 
environmental quality department, or contact 
ATSDR at the address and phone number below. 
 
ATSDR can also tell you the location of 
occupational and environmental health clinics.  
These clinics specialize in recognizing, evaluating, 
and treating illnesses that result from exposure to 
hazardous substances. 
 
Toxicological profiles are also available on-line at 
www.atsdr.cdc.gov and on CD-ROM.  You may 
request a copy of the ATSDR ToxProfilesTM 
CD-ROM by calling the toll-free information and 
technical assistance number at 1-800-CDCINFO 
(1-800-232-4636), by e-mail at cdcinfo@cdc.gov, 
or by writing to:  
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Agency for Toxic Substances and Disease Registry 
Division of Toxicology and Environmental 
Medicine 
1600 Clifton Road NE 
Mailstop F-32 
Atlanta, GA 30333 
Fax: 1-770-488-4178 
 
Organizations for-profit may request copies of final 
Toxicological Profiles from the following: 
 
National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 1-800-553-6847 or 1-703-605-6000 
Web site: http://www.ntis.gov/ 
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This fact sheet answers the most frequently asked health questions (FAQs) about lead.  For more
information, call the ATSDR Information Center at 1-800-232-4636.  This fact sheet is one in a series
of summaries about hazardous substances and their health effects.  It is important you understand this
information because this substance may harm you.  The effects of exposure to any hazardous substance
depend on the dose, the duration, how you are exposed, personal traits and habits, and whether other
chemicals are present.

HIGHLIGHTS:  Exposure to lead can happen from breathing workplace air or
dust, eating contaminated foods, or drinking contaminated water. Children can be
exposed from eating lead-based paint chips or playing in contaminated soil. Lead
can damage the nervous system, kidneys, and reproductive system. Lead has been
found in at least 1,272 of the 1,684 National Priority List sites identified by the
Environmental Protection Agency (EPA).

What is lead?
Lead is a naturally occurring bluish-gray metal found in
small amounts in the earth’s crust.  Lead can be found in all
parts of our environment.  Much of it comes from human
activities including burning fossil fuels, mining, and
manufacturing.
Lead has many different uses. It is used in the production of
batteries, ammunition, metal products (solder and pipes), and
devices to shield X-rays.  Because of health concerns, lead
from paints and ceramic products, caulking, and pipe solder
has been dramatically reduced in recent years.  The use of
lead as an additive to gasoline was banned in 1996 in the
United States.
What happens to lead when it enters the
environment?
‘ Lead itself does not break down, but lead compounds are
changed by sunlight, air, and water.
‘ When lead is released to the air, it may travel long
distances before settling to the ground.
‘ Once lead falls onto soil, it usually sticks to soil
particles.
‘ Movement of lead from soil into groundwater will depend
on the type of lead compound and the characteristics of the
soil.
How might I be exposed to lead?
‘ Eating food or drinking water that contains lead.  Water
pipes in some older homes may contain lead solder.  Lead
can leach out into the water.

‘ Spending time in areas where lead-based paints have
been used and are deteriorating.  Deteriorating lead paint can
contribute to lead dust.
‘ Working in a job where lead is used or engaging in
certain hobbies in which lead is used, such as making
stained glass.
‘ Using health-care products or folk remedies that contain
lead.
How can lead affect my health?
The effects of lead are the same whether it enters the body
through breathing or swallowing.  Lead can affect almost
every organ and system in your body.  The main target for
lead toxicity is the nervous system, both in adults and
children.  Long-term exposure of adults can result in
decreased performance in some tests that measure functions
of the nervous system.  It may also cause weakness in
fingers, wrists, or ankles.  Lead exposure also causes small
increases in blood pressure, particularly in middle-aged and
older people and can cause anemia.  Exposure to high lead
levels can severely damage the brain and kidneys in adults
or children and ultimately cause death.  In pregnant women,
high levels of exposure to lead may cause miscarriage.  High-
level exposure in men can damage the organs responsible for
sperm production.
How likely is lead to cause cancer?
We have no conclusive proof that lead causes cancer in
humans.  Kidney tumors have developed in rats and mice
that had been given large doses of some kind of lead
compounds.  The Department of Health and Human Services
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Where can I get more information?   For more information, contact the Agency for Toxic Substances and Disease
Registry, Division of Toxicology and Environmental Medicine, 1600 Clifton Road NE, Mailstop F-32, Atlanta, GA 30333. Phone:
1-800-232-4636, FAX:  770-488-4178.  ToxFAQs Internet address via WWW is http://www.atsdr.cdc.gov/toxfaq.html.  ATSDR
can tell you where to find occupational and environmental health clinics.  Their specialists can recognize, evaluate, and treat
illnesses resulting from exposure to hazardous substances.  You can also contact your community or state health or environmental
quality department if you have any more questions or concerns.

(DHHS) has determined that lead and lead compounds are
reasonably anticipated to be human carcinogens and the EPA
has determined that lead is a probable human carcinogen.
The International Agency for Research on Cancer (IARC) has
determined that inorganic lead is probably carcinogenic to
humans and that there is insufficient information to determine
whether organic lead compounds will cause cancer in
humans.
How can lead affect children?
Small children can be exposed by eating lead-based paint
chips, chewing on objects painted with lead-based paint, or
swallowing house dust or soil that contains lead.
Children are more vulnerable to lead poisoning than adults. A
child who swallows large amounts of lead may develop blood
anemia, severe stomachache, muscle weakness, and brain
damage. If a child swallows smaller amounts of lead, much
less severe effects on blood and brain function may occur.
Even at much lower levels of exposure, lead can affect a
child’s mental and physical growth.
Exposure to lead is more dangerous for young and unborn
children. Unborn children can be exposed to lead through
their mothers. Harmful effects include premature births,
smaller babies, decreased mental ability in the infant, learning
difficulties, and reduced growth in young children. These
effects are more common if the mother or baby was exposed
to high levels of lead.  Some of these effects may persist
beyond childhood.
How can families reduce the risks of exposure to
lead?
‘ Avoid exposure to sources of lead.
‘ Do not allow children to chew or mouth surfaces that
may have been painted with lead-based paint.
‘ If you have a water lead problem, run or flush water that
has been standing overnight before drinking or cooking with
it.
‘ Some types of paints and pigments that are used as
make-up or hair coloring contain lead. Keep these kinds of
products away from children
‘ If your home contains lead-based paint or you live in an
area contaminated with lead, wash children’s hands and faces

often to remove lead dusts and soil, and regularly clean the
house of dust and tracked in soil.
Is there a medical test to determine whether I’ve
been exposed to lead?
A blood test is available to measure the amount of lead in
your blood and to estimate the amount of your recent
exposure to lead.  Blood tests are commonly used to screen
children for lead poisoning.  Lead in teeth or bones can be
measured by X-ray techniques, but these methods are not
widely available.  Exposure to lead also can be evaluated by
measuring erythrocyte protoporphyrin (EP) in blood samples.
EP is a part of red blood cells known to increase when the
amount of lead in the blood is high.  However, the EP level is
not sensitive enough to identify children with elevated blood
lead levels below about 25 micrograms per deciliter (μg/dL).
These tests usually require special analytical equipment that
is not available in a doctor's office.  However, your doctor
can draw blood samples and send them to appropriate
laboratories for analysis.
Has the federal government made recommendations
to protect human health?
The Centers for Disease Control and Prevention (CDC)
recommends that states test children at ages 1 and 2 years.
Children should be tested at ages 3–6 years if they have
never been tested for lead, if they receive services from
public assistance programs for the poor such as Medicaid or
the Supplemental Food Program for Women, Infants, and
Children, if they live in a building or frequently visit a house
built before 1950; if they visit a home (house or apartment)
built before 1978 that has been recently remodeled; and/or if
they have a brother, sister, or playmate who has had lead
poisoning.  CDC considers a blood lead level of 10 μg/dL to
be a level of concern for children.
EPA limits lead in drinking water to 15 μg per liter.
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Introduction

If your family gets drinking water from your own
well, do you know if your water is safe to drink? What
health risks could you and your family face? Where
can you go for help or advice?

This pamphlet helps answer these questions. It gives
you general information about drinking water from
home wells (also considered private drinking water
sources). It describes types of activities in your area
that can create threats to your water supply. It also
describes problems to look for and offers maintenance
suggestions. Sources for more information and help
are also listed.

All of us need clean water to drink. We can go for
weeks without food, but only days without water.
Contaminated water can be a threat to anyone’s
health, but especially to young children.

About 15 percent of Americans have their own sources
of drinking water, such as wells, cisterns, and springs.
Unlike public drinking water systems serving many
people, they do not have experts regularly checking
the water’s source and its quality before it is sent
through pipes to the community.

To help protect families with their own wells, almost all
states license or register water-well installers. Most also
have construction standards for home wells. In addition,
some city and county health departments have local
rules and permitting. All this helps make sure the well is
built properly. But what about checking to see that it is
working correctly and the water is always healthy to
drink? That is the job of the well owner, and it takes
some work and some knowledge.

1
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What Is Ground Water And
How Can It Be Polluted?

Ground water is a resource found under
the earth’s surface. Most ground water
comes from rain and melting snow
soaking into the ground. Water fills the
spaces between rocks and soils, making
an “aquifer”. (See Watershed Graphic.)
About half of our nation’s drinking
water comes from ground water. Most is
supplied through public drinking water
systems. But many families rely on
private, household wells and use ground
water as their source of fresh water.

Ground water — its depth from the
surface, quality for drinking water, and
chance of being polluted — varies from
place to place. Generally, the deeper
the well, the better the ground water.
The amount of new water flowing into
the area also affects ground water
quality.

Ground water may contain some
natural impurities or contaminants,
even with no human activity or pollu-
tion. Natural contaminants can come
from many conditions in the watershed
or in the ground. Water moving
through underground rocks and soils
may pick up magnesium, calcium and
chlorides. Some ground water naturally
contains dissolved elements such as
arsenic, boron, selenium, or radon, a
gas formed by the natural breakdown
of radioactive uranium in soil. Whether
these natural contaminants are health
problems depends on the amount of
the substance present.

In addition to natural contaminants,
ground water is often polluted by
human activities such as

• Improper use of fertilizers, animal
manures, herbicides, insecticides,
and pesticides

2

A “watershed” is the land
area where water soaks
through the earth filling
an underground water
supply or aquifer. It is
also called a recharge
area. The “water table” is
the line below which the
ground is saturated or
filled with water and
available for pumping.
The water table will fall
during dry seasons. A
well can pump water
from either the saturated
zone or an aquifer.  Wells
must be deep enough to
remain in the saturated
zone.

Impermeable Rock

Aquifer

Ocean

Precipitation

Recharge Area
Water
Table
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• Improperly built or poorly located
and/or maintained septic systems
for household wastewater

• Leaking or abandoned underground
storage tanks and piping

• Storm-water drains that discharge
chemicals to ground water

• Improper disposal or storage of
wastes

• Chemical spills at local industrial
sites

These problems are discussed in
greater detail later in this brochure.

Suburban growth is bringing busi-
nesses, factories and industry (and
potential sources of pollution) into
once rural areas where families often
rely on household wells. Growth is also
pushing new home developments onto
the edge of rural and agricultural
areas. Often municipal water and

sewer lines do not extend to these
areas. Many new houses rely on wells
and septic tanks. But the people buying
them may not have any experience
using these systems.

Most U.S. ground water is safe for
human use. However, ground water
contamination has been found in all 50
states, so well owners have reason to
be vigilant in protecting their water
supplies. Well owners need to be aware
of potential health problems. They
need to test their water regularly and
maintain their wells to safeguard their
families’ drinking water.

3

The hydrologic cycle is
the natural process of
rain and snow falling to
earth and evaporating
back to form clouds and
fall again. The water
falling to earth flows into
streams, rivers, lakes and
into the soil collecting to
form groundwater.

Groundwater Flow

Evaporation

Sleet, Snow, or Rain
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Quick Reference List of Noticeable Problems

Visible
• Scale or scum from calcium or magnesium salts in water
• Unclear/turbid water from dirt, clay salts, silt or rust in water
• Green stains on sinks or faucets caused by high acidity
• Brown-red stains on sinks, dishwasher, or clothes in wash points to

dissolved iron in water
• Cloudy water that clears upon standing may have air bubbles from poorly

working pump or problem with filters.

Tastes
• Salty or brackish taste from high sodium content in water
• Alkali/soapy taste from dissolved alkaline minerals in water
• Metallic taste from acidity or high iron content in water
• Chemical taste from industrial chemicals or pesticides

Smell
• A rotten egg odor can be from dissolved hydrogen sulfide gas or certain

bacteria in your water. If the smell only comes with hot water it is likely
from a part in your hot water heater.

• A detergent odor and water that foams when drawn could be seepage
from septic tanks into your ground water well.

• A gasoline or oil smell indicates fuel oil or gasoline likely seeping from a
tank into the water supply

• Methane gas or musty/earthy smell from decaying organic matter in water
• Chlorine smell from excessive chlorination.

Note: Many serious problems (bacteria, heavy metals, nitrates, radon, and
many chemicals) can only be found by laboratory testing of water.

Where Do Ground Water
Pollutants Come From?

Understanding and spotting possible
pollution sources is important. It’s the
first step to safeguard drinking water
for you and your family. Some threats
come from nature. Naturally occurring
contaminants such as minerals can
present a health risk. Other potential
sources come from past or present
human activity — things that we do,
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make, and use — such as mining,
farming and using chemicals. Some of
these activities may result in the
pollution of the water we drink.

Several sources of pollution are easy to
spot by sight, taste, or smell. (See “Quick
Reference List.), however many serious
problems can only be found by testing
your water. Knowing the possible threats
in your area will help you decide on the
kind of tests you need.
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What are Some Naturally
Occurring Sources of Pollution?

Microorganisms: Bacteria, viruses,
parasites and other microorganisms
are sometimes found in water. Shallow
wells — those with water close to
ground level — are at most risk.
Runoff, or water flowing over the land
surface, may pick up these pollutants
from wildlife and soils. This is often
the case after flooding. Some of these
organisms can cause a variety of
illnesses. Symptoms include nausea
and diarrhea. These can occur shortly
after drinking contaminated water. The
effects could be short-term yet severe
(similar to food poisoning) or might
recur frequently or develop slowly over
a long time.

Radionuclides: Radionuclides are
radioactive elements such as uranium
and radium. They may be present in
underlying rock and ground water.
Radon — a gas that is a natural
product of the breakdown of uranium
in the soil — can also pose a threat.
Radon is most dangerous when in-
haled and contributes to lung cancer.
Although soil is the primary source,
using household water containing
Radon contributes to elevated indoor
Radon levels. Radon is less dangerous
when consumed in water, but remains
a risk to health.

Nitrates and Nitrites: Although
high nitrate levels are usually due to
human activities (see below), they may
be found naturally in ground water.
They come from the breakdown of
nitrogen compounds in the soil.
Flowing ground water picks them up
from the soil. Drinking large amounts

of nitrates and nitrites is particularly
threatening to infants (for example,
when mixed in formula).

Heavy Metals: Underground rocks
and soils may contain arsenic, cad-
mium, chromium, lead, and selenium.
However, these contaminants are not
often found in household wells at
dangerous levels from natural sources.

Fluoride: Fluoride is helpful in dental
health, so many water systems add
small amounts to drinking water.
However, excessive consumption of
naturally occurring fluoride can
damage bone tissue. High levels of
fluoride occur naturally in some areas.
It may discolor teeth, but this is not a
health risk.

What Human Activities Can
Pollute Ground water?

Bacteria and Nitrates: These
pollutants are found in human and
animal wastes. Septic tanks can cause
bacterial and nitrate pollution. So can
large numbers of farm animals. Both
septic systems and animal manures
must be carefully managed to prevent
pollution. Sanitary landfills and
garbage dumps are also sources.
Children and some adults are at extra
risk when exposed to water-born
bacteria. These include the elderly and
people whose immune systems are
weak due to AIDS or treatments for
cancer. Fertilizers can add to nitrate
problems. Nitrates cause a health
threat in very young infants called
“blue baby” syndrome. This condition
disrupts oxygen flow in the blood.

5
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Concentrated Animal Feeding
Operations (CAFOs): The number
of CAFOs, often called “factory farms,”
is growing. On these farms thousands
of animals are raised in a small space.
The large amounts of animal wastes/
manures from these farms can threaten
water supplies. Strict and careful
manure management is needed to
prevent pathogen and nutrient prob-
lems. Salts from high levels of manures
can also pollute groundwater.

Heavy Metals: Activities such as
mining and construction can release
large amounts of heavy metals into
nearby ground water sources. Some
older fruit orchards may contain high
levels of arsenic, once used as a
pesticide. At high levels, these metals
pose a health risk.

Fertilizers and Pesticides: Farmers
use fertilizers and pesticides to pro-
mote growth and reduce insect dam-
age. These products are also used on
golf courses and suburban lawns and
gardens. The chemicals in these
products may end up in ground water.
Such pollution depends on the types
and amounts of chemicals used and
how they are applied. Local environ-
mental conditions (soil types, seasonal
snow and rainfall) also affect this
pollution. Many fertilizers contain
forms of nitrogen that can break down
into harmful nitrates. This could add to
other sources of nitrates mentioned
above. Some underground agricultural
drainage systems collect fertilizers and
pesticides. This polluted water can
pose problems to ground water and
local streams and rivers. In addition,
chemicals used to treat buildings and
homes for termites or other pests may
also pose a threat. Again, the possibility

of problems depends on the amount
and kind of chemicals. The types of soil
and the amount of water moving
through the soil also play a role.

Industrial Products and Wastes:
Many harmful chemicals are used
widely in local business and industry.
These can become drinking water
pollutants if not well managed. The
most common sources of such prob-
lems are:

• Local Businesses: These include
nearby factories, industrial plants,
and even small businesses such as
gas stations and dry cleaners. All
handle a variety of hazardous
chemicals that need careful manage-
ment. Spills and improper disposal
of these chemicals or of industrial
wastes can threaten ground water
supplies.

• Leaking Underground Tanks & Piping:
Petroleum products, chemicals, and
wastes stored in underground
storage tanks and pipes may end up
in the ground water. Tanks and
piping leak if they are constructed or
installed improperly. Steel tanks and
piping corrode with age. Tanks are
often found on farms. The possibility
of leaking tanks is great on old,
abandoned farm sites. Farm tanks
are exempt from the EPA rules for
petroleum and chemical tanks.

• Landfills and Waste Dumps: Modern
landfills are designed to contain any
leaking liquids. But floods can carry
them over the barriers. Older
dumpsites may have a wide variety
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of pollutants that can seep into
ground water.

Household Wastes: Improper
disposal of many common products can
pollute ground water. These include
cleaning solvents, used motor oil,
paints, and paint thinners. Even soaps
and detergents can harm drinking
water. These are often a problem from
faulty septic tanks and septic leaching
fields.

Lead & Copper: Household plumb-
ing materials are the most common
source of lead and copper in home
drinking water. Corrosive water may
cause metals in pipes or soldered joints
to leach into your tap water. Your
water’s acidity or alkalinity (often
measured as pH) greatly affects
corrosion. Temperature and mineral
content also affect how corrosive it is.

They are often used in pipes, solder, or
plumbing fixtures. Lead can cause
serious damage to the brain, kidneys,
nervous system, and red blood cells.
The age of plumbing materials — in
particular, copper pipes soldered with
lead — is also important. Even in
relatively low amounts these metals
can be harmful. EPA rules under the
Safe Drinking Water Act limit lead in
drinking water to 15 parts per billion.
Since 1988 the Act only allows “lead
free” pipe, solder, and flux in drinking
water systems. The law covers both
new installations and repairs of
plumbing. For more information on
avoiding lead in drinking water, visit
the EPA Website at www.epa.gov/
safewater/Pubs/lead1.html

Water Treatment Chemicals:
Improper handling or storage of water-
well treatment chemicals (disinfec-
tants, corrosion inhibitors, etc.) close
to your well can cause problems.
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Industry

Household
Wastes

Landfills

Pesticides and Fertilizers

Livestock
Wastes

Septic
Tank

Underground
Storage Tanks

Septic tanks are deigned
to have a “leach field”
around them — an area
where wastewater flows
out of the tank. This
wastewater can also
move into the ground
water
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Should I Be Concerned?

You should be aware because the Safe
Drinking Water Act does not protect
private wells. EPA’s rules only apply to
“public drinking water systems” —
government or privately run companies
supplying water to 25 people or 15
service connections. While most states
regulate private household wells, most
have limited rules. Individual well
owners have primary responsibility for
the safety of the water drawn from
their wells. They do not benefit from
the government’s health protections for
water systems serving many families.
These must comply with federal and
state regulations for frequent analysis,
testing, and reporting of results.

Instead, household well owners should
rely on help from local health depart-
ments. They may help you with yearly
testing for bacteria and nitrates. They
may also oversee the placement and
construction of new wells to meet state
and local regulations. Most have rules
about locating drinking water wells
near septic tanks, drain fields, and
livestock. But remember, the final
responsibility for constructing your
well correctly, protecting it from
pollution, and maintaining it falls on
you, the well owner.

How Much Risk Can I Expect?

The risk of having problems depends
on how good your well is — how well
it was built and located, and how well
you maintain it. It also depends on
your local environment. That includes
the quality of the aquifer from which
you draw your water and the human
activities going on in your area that can
affect your well water.

Some questions to consider in protect-
ing your drinking water and maintain-
ing your well are:

• What distance should my well be
from sources of human wastes such
as septic systems?

• How far should it be from animal
feedlots or manure spreading?

• What are the types of soil and
underlying rocks? Does water flow
easily or collect on the surface?

• How deep must a well be dug to
avoid seasonal changes in ground
water supply?

• What activities in my area (farming,
mining, industry) might affect my
well?

• What is the age of my well, its
pump, and other parts?

• Is my water distribution system
protected from cross connections
and backflow problems?

What Should I Do?

Listed below are the six basic steps you
should take to maintain the safety of
your drinking water. After the list you’ll
find “how to” suggestions for each
point to help you protect your well and
your drinking water.

1. Identify potential problem sources
2. Talk with ”local experts”
3. Have your water tested periodically.
4. Have the test results interpreted and

explained clearly.
5. Set a regular maintenance schedule

for your well, do the scheduled
maintenance and keep accurate,
up-to-date records.

6. Remedy any problems.
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Protecting Your Ground Water Supply

When Building, Modifying Or Closing A Well
• Hire a certified well driller for any new well construction or modification
• Slope well area so surface runoff drains away
• When closing a well:

– Do not cut off the well casing below the land surface
– Hire a certified well contractor to fill or seal the well

Preventing Problems
• Install a locking well cap or sanitary seal to prevent unauthorized use of,

or entry into, the well
• Do not mix or use pesticides, fertilizers, herbicides, degreasers, fuels, and

other pollutants near the well
• Never dispose of wastes in dry wells or in abandoned wells
• Pump and inspect septic systems as often as recommended by your local

health department
• Never dispose of hazardous materials in a septic system
• Take care in working or mowing around your well

Maintaining Your Well
• Each month check visible parts of your system for problems such as:

– Cracking or corrosion,
– Broken or missing well cap,
– Settling and cracking of surface seals

• Have the well tested once a year for coliform bacteria, nitrates, and other
contaminants

• Keep accurate records in a safe place, including:
– Construction contract or report
– Maintenance records, such as disinfection or sediment removal
– Any use of chemicals in the well
– Water testing results

After A Flood — Concerns And Advisories
• Stay away from the well pump while flooded to avoid electric shock
• Do not drink or wash from the flooded well to avoid becoming sick
• Get assistance from a well or pump contractor to clean and turn on the

pump
• After the pump is turned back on, pump the well until the water runs clear

to rid the well of flood water
• If the water does not run clear, get advice from the county or state health

department or extension service
• For additional information go to http://www.epa.gov/safewater/consumer/

whatdo.htm
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1. How Can I Spot Potential
Problems?

The potential for pollution entering
your well is affected by its placement
and construction — how close is your
well to potential sources of pollution?
Local agricultural and industrial
activities, your area’s geology and
climate also matter. This document
includes a checklist to help you find
potential problems with your well.
Take time to review it in the box
labeled “Protecting Your Ground water
Supply.” Because ground water con-
tamination is usually localized, the best
way to identify potential contaminants
is to consult a local expert. For ex-
ample, talk with a geologist at a local
college or someone from a nearby
public water system. They’ll know
about conditions in your area. (See
item # 5)

2. Have Your Well Water Tested

Test your water every year for total
coliform bacteria, nitrates, total
dissolved solids, and pH levels. If you
suspect other contaminants, test for
these also. Chemical tests can be
expensive. Limit them to possible
problems specific to your situation.
Again, local experts can tell you about
possible impurities in your area.

Often county health departments do
tests for bacteria and nitrates. For other
substances, health departments,
environmental offices, or county
governments should have a list of state
certified laboratories. Your State
Laboratory Certification Officer can
also provide one. Call EPA’s Safe
Drinking Water Hotline, (800) 426-
4791, for the name and phone number
of your state’s certification officer.

Before taking a sample, contact the lab
that will perform your tests. Ask for
instructions and sampling bottles.
Follow the instructions carefully so you
will get correct results. The first step is
getting a good water sample. It is also
important to follow advice about
storing the samples. Ask how soon they
must be taken to the lab for testing.
These instructions can be very different
for each substance being tested.

Remember to test your water after
replacing or repairing any part of the
well system (piping, pump, or the well
itself.) Also test if you notice a change
in your water’s look, taste, or smell.
The chart below (“Reasons to Test Your
Water”) will help you spot problems.
The last five problems listed are not an
immediate health concern, but they
can make your water taste bad, may
indicate problems, and could affect
your system long term.
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Reasons to Test Your Water

Conditions or Nearby Activities: Test for:

Recurring gastro-intestinal illness Coliform bacteria

Household plumbing contains lead pH, lead, copper

Radon in indoor air or region Radon
is radon rich

Corrosion of pipes, plumbing Corrosion, pH, lead

Nearby areas of intensive agriculture Nitrate, pesticides, coliform bacteria

Coal or other mining Metals, pH, corrosion
operations nearby

Gas drilling operations nearby Chloride, sodium, barium, strontium

Dump, junkyard, landfill, factory, Volatile organic compounds, total
gas station, or dry- cleaning dissolved solids, pH, sulfate,
operation nearby chloride, metals

Odor of gasoline or fuel oil, and Volatile organic compounds
near gas staion or buried fuel tanks

Objectionable taste or smell Hydrogen sulfide, corrosion, metals

Stained plumbing fixtures, laundry Iron, copper, manganese

Salty taste and seawater, or a Chloride, total dissolved solids,
heavily salted roadway nearby sodium

Scaly residues, soaps don’t lather Hardness

Rapid wear of water pH, corrosion
treatment equipment

Water softener needed to Manganese, iron
treat hardness

Water appears cloudy, frothy, Color, detergents
or colored

11
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3. Understanding Your Test
Results

Have your well water tested for any
possible contaminants in your area.
Use a state-approved testing lab. (See
below for sources of approved labora-
tories.) Do not be surprised if a lot of
substances are found and reported to
you.

The amount of risk from a drinking
water contaminant depends on the
specific substance and the amount in
the water. The health of the person also
matters. Some contaminant cause
immediate and severe effects. It may
take only one bacterium or virus to
make a weak person sick. Another
person may not be affected. For very
young children, taking in high levels of
nitrate over a relatively short period of
time can be very dangerous. Many
other contaminants pose a long-term or
chronic threat to your health — a little
bit consumed regularly over a long
time could cause health problems such
as trouble having children and other
effects.

EPA drinking water rules for public
water systems aim to protect people
from both short and long term health
hazards. The amounts of contaminants
allowed are based on protecting people
over a lifetime of drinking water. Public
water systems are required to test their
water regularly before delivery. They
also treat it so that it meets drinking
water standards, notify customers if
water does not meet standards and
provide annual water quality reports.

Compare your well’s test results to
federal and state drinking water
standards. (You can find these stan-
dards at www.epa.gov/safewater/
mcl.html or call the Safe Drinking
Water Hotline 800-426-4791.) In some
cases, the laboratory will give a very
helpful explanation. But you may have
to rely on other experts to aid you in
understanding the results.

The following organizations may be
able to help:

• The state agency that licenses water-
well contractors can help you
understand your test results. It will
also provide information on well
construction and protection of your
water supply. The agency is usually
located in the state capital or other
major city. It is often part of the
department of health or environ-
mental protection. Check the blue
“government pages” of your local
phone book or call the American
Ground Water Trust at (614) 761-
2215 or the EPA Hotline at (800)
426-4791 for your licensing agency’s
phone number.

• The local health department and
agricultural agents can help you
understand the test results. They
will have information on any known
threats to drinking water in your
area. They can also give you sugges-
tions about how to protect your well
water.

• The state drinking water program
can also help. You can compare your
well’s water to the state’s standards
for public water systems. State
programs are usually located in the
state capital or another major city.
They are often part of the depart-
ment of health or environmental
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regulation. Again, consult the blue
“government pages” in your local
phone book for the address and
phone number or call or the EPA
Hotline — (800) 426-4791.

• The Safe Drinking Water Hotline at
(800) 426-4791, mentioned above
— can help in many ways. The
Hotline can provide a listing of
contaminants public water systems
must test for. EPA also has copies of
health advisories prepared for
specific drinking water contami-
nants. The EPA Hotline staff can
explain the federal regulations that
apply to public water systems. They
compare your lab results to the
federal standards. In addition, they
can give you the phone number and
address of your state drinking water
program, and of your state labora-
tory certification officer. That officer
can send you a list of approved labs
in your area.

4. Well Construction and
Maintenance

Proper well construction and continued
maintenance are keys to the safety of
your water supply. Your state water-
well contractor licensing agency, local
health department, or local water
system professional can provide
information on well construction. (See
the two graphics below. One shows
three types of well locations and how
surface water drains. The other lists the
distances from the well to guard
against possible sources of pollution.)

Water-well drillers and pump-well
installers are listed in your local
phone directory. The contractor
should be bonded and insured. Make
certain your ground water contractor
is registered or licensed in your state,
if required. If your state does not
have a licensing/registration program
contact the National Ground Water
Association. They have a voluntary
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GOOD FAIR POOR The well should be
located so rainwater
flows away from it.
Rainwater can pick up
harmful bacteria and
chemicals on the land’s
surface. If this water
pools near your well, it
can seep into it, poten-
tially causing health
problems.
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certification program for contractors.
(In fact, some states use the
Association’s exams as their test for
licensing.) For a list of certified con-
tractors in your state contact the
Association at (614) 898-7791 or (800)
551-7379. There is no cost for mailing
or faxing the list to you.

Many homeowners tend to forget the
value of good maintenance until
problems reach crisis levels. That can
be expensive. It’s better to maintain
your well, find problems early, and
correct them to protect your well’s
performance. Keep up-to-date records
of well installation and repairs plus
pumping and water tests. Such records
can help spot changes and possible
problems with your water system. If
you have problems, ask a local expert
to check your well construction and
maintenance records. He or she can see
if your system is okay or needs work.

The graphic on the next page shows a
good example of an animal-proof cap
or seal and the casing of a well.

Protect your own well area. Be careful
about storage and disposal of house-
hold and lawn care chemicals and
wastes. Good farmers and gardeners
minimize the use of fertilizers and
pesticides. Take steps to reduce erosion
and prevent surface water runoff.
Regularly check underground storage
tanks that hold home heating oil,
diesel, or gasoline. Make sure your well
is protected from the wastes of live-
stock, pets, and wildlife.

 5. Talk With Local Experts

Good sources of information and
advice can be found close to home. The
list below tells about some “local
experts”:

• The local health department’s
registered “sanitarian” is a health
specialist. He or she likely knows the
most about any problems with
private wells.

50 ft.
Septic Tanks

50 ft.
Livestock Yards
Silos Septic 
Leach Fields

100 ft.
Petroleum Tanks
Liquid-Tight
   Manure Storage
Pesticide and Fertilizer
   Storage and Handling

250 ft.
Manure Stacks

To keep your well safe,
you must be sure
possible sources of
contamination are not
close by. Experts suggest
these separation
distances as a minimum
for protection — farther is
better.
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• Local water-well contractors can tell
you about well drilling and construc-
tion. They are also familiar with
local geology and water conditions.
Look in the yellow pages of your
phone book or contact the agency in
your state that licenses water well
contractors. Call the National
Ground Water Association (NGWA)
at (614) 898-7791 or (800) 551-
7379 to find NGWA-certified water-
well contractors in your area.

• Officials at the nearest public water
system may explain any threats to
local drinking water and may be
developing plans to address poten-
tial threats. They may advise you on
taking samples and understanding
tests done on your water. Ask the
local health department or look in
your phone book for the name and
address of the closest system.

• Local county extension agents will
know about local farming and
forestry activities that can affect
your water. They may also have
information about water testing.

• The Natural Resources Conservation
Service (NRCS) replaced the old
U.S. Soil Conservation Service. It is
part of the U.S. Department of
Agriculture. The NRCS and the U.S.
Geological Survey have information
about local soils and ground water.
They can tell you where a local
water supply is located and how it is
recharged or replenished. They
would know of any pollution threats
and if radon is a problem in the
area. Look for both in the blue pages
of your local phone book.

• Local or county planning commis-
sions can be good sources. They
know about past and present land
uses in your area that affect water.

• Your public library may also have
records and maps that can provide
useful information. Nearby colleges
and universities have research arms
that can provide facts and expertise.
They may also have a testing lab.

Screened
Vent

Vermin-Proof
Cap or Seal

18-inches

An animal or vermin
proof cap prevents
rodents from entering
your well, being trapped
and dying. Paving around
your well will prevent
polluted runoff from
seeping into your water
supply.
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6. Fix Problems Immediately

If you find that your well water is
polluted, fix the problem as soon as
possible. You may need to disinfect
your water, have a new well drilled,
replumb or repair your system. Con-
sider hooking into a nearby community
water system (if one is available). If
you have a new well drilled or connect
to a community water system, the old
well must be closed properly. Consult
“local experts” for help. You might
consider installing a water treatment
device to remove impurities. Informa-
tion about treatment devices can be
obtained from the following sources:

Water Quality Association
P.O. Box 606
4151 Naperville Road
Lisle, IL 60532
www.wqa.org

National Sanitation Foundation
P.O. Box 130140
789 N Dixboro Road
Ann Arbor, MI 48113-0140
(734) 769-8010, (800) NSF-MARK
www.nsf.org

U.S. Environmental Protection Agency
(to visit in person)
Office of Water Resource Center
1200 Pennsylvania Avenue, NW
Ariel Rios Building
Washington, DC 20460
Phone: (202) 260-7786

Monday through Friday,
except federal holidays,
8:30AM – 4:30PM ET

E-mail address:
center.water-resource@epa.gov

There are many home water treatment
devices. Different types remove different
pollutants or impurities. No one
device does it all. Also, you must
carefully maintain your home treatment
device so your water stays safe. For more
information, get a copy of EPA’s pam-
phlet, “Home Water Treatment Units”
from the U.S. EPA Resource Center or
call the Hotline at (800) 426-4791.

Find Out More

To find out more about your watershed
and its ground water visit “Surf Your
Watershed” at www.epa.gov/surf. Also
look at the “Index of Watershed
Indicators” at www.epa.gov/iwi. These
websites can also tell you possible
sources of problems. Companies with
permits to release their wastewaters in
your area are listed. You can see if they
meet pollution control laws. You can
also learn how your watershed com-
pares to others in the country.

The U.S. Department of Agriculture
and EPA support a program to help
farmers, ranchers and rural
homeowners. Called Farm*A*Syst or
Home*A*Syst, it helps identify and
solve environmental problems, includ-
ing protecting drinking water. Obtain a
copy of the Home*A*Syst question-
naire/checklist that can help you find
possible threats to your water supply
from:

National Farm*A*Syst/Home*A*Syst
Program
303 Hiram Smith Hall
1545 Observatory Drive
Madison, WI 53706
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Ph: 608.262.0024, Fax: 608.265.2775
homeasys@uwex.edu

For more information on current and
future federal drinking water standards
and for general information on drinking
water topics and issues, contact the EP A
at www.epa.gov/safewater or at:

U .S. Environmental Protection Agency
Office of Ground Water and
Drinking Water
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Or call:

The Safe Drinking Water Hotline
(800) 426-4791
The hotline operates from 9:00 AM to
5:30 PM (EST)
The hotline can be accessed
on the Internet at
www.epa.gov/safewater/drinklink.html

You can get a list of Federal drinking
water standards from the EPA website.
In addition, the EPA Office of Ground
Water and Drinking Water gives
chemical and health risk information
for a number of drinking water prob-
lems through its Safe Drinking Water
Hotline (800) 426-4791. This informa-
tion is also on the internet at
www.epa.gov/safewater. If you do not
have a computer, most public libraries
offer internet access. Even though
federal standards do not apply to
household wells, you can use them as a
guide to potential problems in your
water. Be aware that many states have
their own drinking water standards.
Some are stricter than the federal
rules. To get your state standards,
contact your state drinking water
program or local health department.

Other sources of information include:

Ground Water Protection Council
http://gwpc.site.net

American Water Works
Association
www.awwa.org

National Rural Water
Association
www.nrwa.org

National Drinking Water
Clearinghouse
www.estd. wvu.edu/ndwc

Rural Community
Assistance Program
www.rcap.org

U.S. Geological Survey
water.usgs.gov

U.S. Department of Agriculture
Natural Resources
Conservation Service
www.nrcs.usda.gov

Water Systems Council
www.watersystemscouncil.org
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Definitions

Aquifer – An underground formation
or group of formations in rocks and
soils containing enough ground
water to supply wells and springs.

Backflow – A reverse flow in water
pipes. A difference in water pres-
sures pulls water from sources other
than the well into a home’s water
system, for example waste water or
flood water. Also called back
siphonage.

Bacteria – Microscopic living
organisms; some are helpful and
some are harmful. “Good” bacteria
aid in pollution control by consum-
ing and breaking down organic
matter and other pollutants in septic
systems, sewage, oil spills, and soils.
However, “bad” bacteria in soil,
water, or air can cause human,
animal, and plant health problems.

Confining layer – Layer of rock that
keeps the ground water in the
aquifer below it under pressure.
This pressure creates springs and
helps supply water to wells.

Contaminant – Anything found in
water (including microorganisms,
minerals, chemicals, radionuclides,
etc.) which may be harmful to
human health.

Cross-connection – Any actual or
potential connection between a
drinking (potable) water supply and
a source of contamination.

Heavy metals – Metallic elements
with high atomic weights, such as,
mercury chromium cadmium,
arsenic, and lead. Even at low levels
these metals can damage living
things. They do not break down or
decompose and tend to build up in
plants, animals, and people causing
health concerns.

Leaching field – The entire area
where many materials (including
contaminants) dissolve in rain,
snowmelt, or irrigation water and
are filtered through the soil.

Microorganisms – Also called
microbes. Very tiny life forms such
as bacteria, algae, diatoms, para-
sites, plankton, and fungi. Some can
cause disease.

Nitrates – Plant nutrient and
fertilizer that enters water supply
sources from fertilizers, animal feed
lots, manures, sewage, septic
systems, industrial wastewaters,
sanitary landfills, and garbage
dumps.

Protozoa – One-celled animals,
usually microscopic, that are larger
and more complex than bacteria.
May cause disease.
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Radon – A colorless, odorless
naturally occurring radioactive gas
formed by the breakdown or decay
of radium or uranium in soil or
rocks like granite. Radon is fairly
soluble in water, so well water may
contain radon.

Radionuclides – Distinct radioactive
particles coming from both natural
sources and human activities. Can
be very long lasting as soil or water
pollutants.

Recharge area – The land area
through or over which rainwater
and other surface water soaks
through the earth to replenish an
aquifer, lake, stream, river, or marsh.
Also called a watershed.

Saturated zone – The underground
area below the water table where all
open spaces are filled with water. A
well placed in this zone will be able
to pump ground water.

Unsaturated zone – The area above
the ground water level or water
table where soil pores are not fully
saturated, although some water may
be present.

Viruses – Submicroscopic disease-
causing organisms that grow only
inside living cells.

Watershed – The land area that
catches rain or snow and drains it
into a local water body (such as a
river, stream, lake, marsh, or
aquifer) and affects its flow, and the
local water level. Also called a
recharge area.

Water table – The upper level of the
saturated zone. This level varies
greatly in different parts of the
country and also varies seasonally
depending on the amount of rain
and snowmelt.

Well cap – A tight-fitting, vermin-
proof seal designed to prevent
contaminants from flowing down
inside of the well casing.

Well casing – The tubular lining of a
well. Also a steel or plastic pipe
installed during construction to
prevent collapse of the well hole.

Wellhead – The top-of a structure
built over a well. Term also used for
the source of a well or stream.
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Foreword
This booklet is intended for Arizona residents who depend on private wells for 
their water needs.  Well owners who want to become familiar with Arizona’s 
groundwater sources, water quality and water testing options, and well 
maintenance issues should read this booklet.  Topics include:

•  An overview of the state’s water resources and how Arizona’s major cities 
use these sources.

•  A description of Arizona’s geology and how location affects the quantity and 
quality of aquifer water resources in our state.

•  Common contaminants found in Arizona’s groundwater and guidelines, 
including national drinking water standards, to test well water to insure 
safe drinking water in private wells. National drinking water standards and 
common methods of home water treatments are also presented.

•  Detailed descriptions of private wells including regulations, construction, 
protection, and maintenance guidelines. 

•  Having read this booklet, the well owners will understand the importance of

- aquifers as a common water resource;

- well head protection; and

-  their responsibility in annual testing of the water supply.

Downloadable versions and hard copies for sale of this booklet can be found at 
The University of Arizona WRRC, SAHRA, and Cooperative Extension websites. 
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There are more than 100,000 
domestic use wells in Arizona.  
These private wells provide 
water to an estimated 120,000 
households, with some 300,000 
persons, or about 5% of the 
state’s population.  About 
10-30% of the U.S. population 
depends on domestic wells for 
their water (Bartholomay et al., 
2007).  Information about the 
total number of domestic wells 
in the U.S. is difficult to obtain,  
but according to the Center 
for Disease Control more than 
90,000 new wells were installed 
in the U.S. in 1998 (CDC, 1998).  
In Arizona, the number of new 
domestic wells now exceeds 
3,000 each year (ADWR, 
2008a).  The U.S. Environmental 
Protection Agency (US-EPA, 

2008) reports that “approximately 15% of Americans rely on their 
own well...” for water.  Water from domestic wells that service less 
than 15 connections or 25 people is not subject to EPA drinking 
water regulations, and undergoes no governmental quality tests 
for potability in Arizona (note: New Jersey is one of the few states 
requiring domestic wells be tested with any real estate property 
transaction). 

Most well owners are not trained as well operators and are often 
unfamiliar with water quality standards and testing, and rarely 
know much about their systems or the local aquifer.  A recent 
nationwide survey of well water quality conducted by the U.S. 
Geological Survey (USGS) indicates that about 79% of the wells 
(12,318 of 15,495 tested) contained one or more contaminants 
that may be harmful to human health.  Of those wells sampled, 
9-11% had arsenic and nitrate levels exceeding the U.S. EPA 
maximum contaminant levels (MCLs) established for drinking 
water standards.  In addition, less than 1% of the wells had organic 
contaminants like the herbicide atrazine above drinking water 
standards (Focazio et al., 2006).  Radon-222 gas, presently not 
regulated by the EPA, was detected in 98% of the wells sampled. 

Water Use Facts: Water covers 
about 70% of the world’s sur-
face, and all life forms, including 
humans, depend on it for their 
basic survival. However, about 
97% of the world’s water is in the 
oceans and is considered highly 
saline and not fit to drink without 
desalinization. Ice located near 
the earth’s poles accounts for 
about 2% of the earth’s water. 
About 0.6% of the world’s wa-
ter is fresh water stored below 
ground (groundwater), often for 
hundreds to thousands of years. 
The atmosphere and the soil 
environment account for about 
0.06% of the world’s water. 
About 0.01% of the world’s wa-
ter is found in lakes, rivers, and 
streams.  

1. Introduction
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A recent well water quality study of a small number of wells from 
seven Arizona counties found that about 90% of the wells exceeded 
at least one contaminant standard (such as nitrates, arsenic, 
and/or coliforms) (Karpiscak et al., 2006).  For example, 43% of 
domestic well waters sampled were contaminated with waterborne 
pathogens, and 33% of the wells had nitrate or arsenic levels 
exceeding the EPA standards.  The data from these recent surveys 
suggest that domestic well owners should regularly monitor their 
well water quality.  They should also consider home water treatment 
systems to bring their well water quality to national drinking water 
standards.   

This Well Owner’s Guide presents detailed sections that assist the 
reader to become familiar with water quality concepts, drinking 
water guidelines, well system operation and maintenance, and 
water testing.  The reader is also introduced to Arizona’s aquifers, 
as well as conditions and activities that effect groundwater 
quality.  Well owners can also learn about well construction, well 
components, and well maintenance needed for the safe and proper 
function of their wells.  This guide also includes a section on water 
treatment technologies based on water quality conditions.

Arizona Water Sources
The total amount of water that 
circulates annually from the 
earth’s surface to the atmosphere 
and back down to the earth has 
remained constant.  On average, 
rivers and lakes produce the 
same amount of fresh water 
now as they did 100 years ago.  
However, the population of the 
world has increased more than 
six-fold in the last 100 years, 
increasing demands on fresh 
water resources.

Although groundwater is considered a renewable resource in regions 
with plentiful rain and snow, it is considered a non-renewable 
resource in the arid West and many other parts of the U.S. and the 
world where pumping exceeds recharge in many aquifers.  There is 
insufficient rainfall in Arizona’s dry climate to recharge the aquifers 
and to keep pace with increased pumping. This will continue to 
produce significant overdraft in many aquifers in the state.  Age-
dating estimates the time elapsed since the water fell as rain or snow 
before it percolated to the groundwater.  For example, groundwater 

Water Use Facts: A natural re-
source qualifies as a renewable 
resource if it is replenished by 
natural processes at a rate com-
parable to or faster than its rate 
of consumption.
A non-renewable resource is a 
natural resource that cannot be 
re-made, re-grown, or regener-
ated on a scale comparable to 
its consumption.
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in the Tucson basin has been age-dated to be between 300 and 8,000 
years old.  In the San Pedro River basin, the groundwater has been 
age-dated to over 12,000 years old. 

Perennial rivers occur where groundwater is near the land surface 
and discharges continually to a river bed.  During rainfall events, this 
groundwater ‘base flow’ is mixed with rainfall runoff.  For example, 
after the summer monsoons, water flowing in the San Pedro River has 
been age-dated and found to consist of a combination of groundwater 
base flow and recent rainfall.

Growth in the arid southwest United States is sustained by the use of 
mostly groundwater and river-fed reservoirs.  Presently, about 44% of 
Arizona’s water supply comes from in-state groundwater sources, as 
shown on Figure 1.  The water supply reservoirs contain a mixture of 
water derived from seasonal snow melt, rainwater, and groundwater 
base flow.  Surface water from in-state rivers and reservoirs meets 
about 14% of Arizona’s water needs.  In addition, reclaimed water 
meets about 2% of Arizona’s water demand.

Arizona also has an annual allocation of 2.8 million acre-feet of 
Colorado River water, established by a Federal Supreme Court 
decision in 1964, which accounts for nearly 40% of Arizona’s total 
water supply.  Following a 1973 Supreme Count Decision, the Central 
Arizona Project (CAP) began construction of a canal to deliver 

Figure 1. Arizona Water Supplies (ADWR, 2008b).
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Colorado River water across the state, primarily to Maricopa, Pinal, 
and Pima Counties.  Today, CAP water accounts for about 21% of 
the state’s water use.  Although CAP water is a dependable resource, 
Arizona’s allocation of Colorado River water is limited by Federal law 
and access to it is constrained by proximity to the canal.  Because of 
our ‘junior’ water right to the Colorado River, Arizona’s allocation of 
CAP water will be the first to be reduced in a regional drought.  

Agriculture remains the primary user of water resources in Arizona, 
accounting for about 74% of the 7 million acre-feet of water used 
annually during 2001-2003.  (ADWR, 2008b).  

The Arizona Groundwater Management Act (Title 45 of the Arizona 
Revised Statutes) was passed in 1980 to conserve, protect, and allocate 
groundwater resources and provide a framework for management 
and regulation.  The Act has three primary goals:

▪    Control the severe groundwater overdraft occurring in   
         many parts of the state;

▪    Provide a means to allocate the state’s limited groundwater  
         resources to most effectively meet the changing needs of the    
         state; and

▪    Augment Arizona’s groundwater through water supply       
        development.

To accomplish these goals, the Act established the Arizona 
Department of Water Resources (ADWR) to administer the Act’s 
provisions.  “Active Management Areas” or “AMAs,” were 
established across the state (Figure 2) to manage excessive pumping.  
Most of the AMAs have established a goal of “safe yield” by the 
year 2025.  “Safe yield” would be achieved when the volume of 
groundwater extracted does not exceed the volume of groundwater 
recharging the system.  Excessive pumping was found to result in 
land subsidence as the water table drops.  Also, water pumping 
costs and mineral content (total dissolved solids - TDS) increase with 
aquifer depth.

The Arizona Groundwater Management Act of 1980 identifies wells 
having a pump capacity of not more than 35 gallons per minute (gpm) 
as “exempt wells” because within the AMAs owners are not required 
to report how much water they pump.  These well are typically used 
for domestic or household purposes.  As the number of exempt 
wells increase in the AMAs, the accumulated volume of unregulated 
extraction is causing concern.  It is expected that future regulations 
may require monitoring of exempt well pumpage to manage safe 
yield goals.
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Local Water Sources
Phoenix and its surrounding cities – Chandler, Mesa, Tempe, 
Glendale, Scottsdale, and Peoria – have diverse sources of fresh water.  
These include several major surface water streams (including the 
Salt, Gila, Verde, and Agua Fria Rivers), and more recently, the CAP 
canal.  Dams located on these rivers, which flow from the mountains 
north and east of Phoenix, form reservoirs that provide a steady 
supply of water.  Surface water and CAP water provide about 57% of 
the Phoenix area water supply.  However, if drought persists and the 
pattern of snow fall and precipitation changes, it is unlikely that these 
surface water resources will increase in the near future.
Phoenix and its surrounding communities also supplement their 
water needs by pumping from several large aquifers.  However, large 
portions of the groundwater along the Salt and Gila Rivers are high 
in salinity (> 3000 mg/L TDS).  Presently, the City of Phoenix, which 

Figure 2. Arizona Active Management Areas (ADWR 2006).
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delivers potable water to 1.3 million people, utilized groundwater for 
only 8% of its water supply in 2002.  Central Arizona Project  water 
and reclaimed wastewater (treated effluent) are used for irrigation or 
to recharge local groundwater aquifers for future use.

Tucson has no surface water (streams, lakes, or rivers) supplies.  
These sources were quickly depleted during the first part of the 
twentieth century, mostly by local groundwater pumping which 
lowered the water table and depleted river base flow.  Although 
groundwater levels have dropped in the center of the Tucson basin by 
more than 200 feet over the past fifty years, growth has been sustained 
by the continued use of groundwater and CAP water.  Since 1996, 
CAP water that is not used directly is discharged into groundwater 
recharge basins and stored aquifers.  This has slowed the lowering of 
groundwater elevations in the Tucson Aquifer.  Tucson also requires 
the use of treated effluent to irrigate parks and gulf courses and 
is using 11,000 acre feet of effluent directly; the excess effluent is 
discharged in to the Santa Cruz river. 

Yuma obtains drinking water for its 100,000 residents primarily from 
the Colorado River and holds the oldest water rights on the river.  
Groundwater is used locally for irrigation, blended with surface water 
for municipal supply, and used occasionally for emergency supply.  
Most of the water diverted from the Colorado River in Yuma is used 
for agriculture, while drainage wells are used so that the land does not 
become water-logged from irrigation application. 

Flagstaff has diverse but limited sources of water.  The primary 
sources are Lake Mary (located to the southwest), and wells and 
springs (located to the north).  However, both sources are fed by 
snowmelt, which can vary greatly from year-to-year.  Groundwater 
is also available from the Coconino Sandstone (known as the “C” 
Aquifer), but it is deep (1,200 to 1,600 feet below land surface) and, 
consequently, expensive to pump.  Presently, about 70% of Flagstaff’s 
water demands are met by groundwater.  In 2005, Flagstaff purchased 
the Red Gap Ranch east of the city as a potential location for new 
well-field development.  This city is also utilizing reclaimed water 
to irrigate public areas like schools, parks, and golf courses (ADWR 
2008b.)

The Prescott area and Yavapai County have the unique distinction of 
having more exempt, private domestic water supply wells than any 
other area in Arizona.  Currently, over 30% of all new wells drilled 
in Arizona are in Yavapai County, with the greatest concentration 
of these wells in the Prescott area.  The City of Prescott obtains most 
of its water supply from groundwater wells. Arizona law allows 
the transportation of groundwater pumped from the Big Chino 
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Water, water everywhere but only a drop is fresh.

groundwater sub-basin, located north of the City, into the Prescott 
AMA.  The City of Prescott has purchased the Big Chino Ranch to 
supplement its water supply.  While the law allows pumping of up to 
14,000 acre-feet of groundwater a year, the actual permitted volume 
has not yet been determined (Yavapai County, 2008).

Water Reuse
In urban areas, about 40% of water delivered to homes by community 
water systems is eventually discharged to the sewer system and then 
treated in wastewater treatment plants.  Once treated, this dependable 
water source can be reused for agriculture, parks, golf courses, or used 
to recharge the aquifer.  However, reclaimed water is usually about 
1.5 times higher in TDS than the original water source.  For example, 
if the water source has 300 mg/L TDS, the reclaimed water will have 
about 450 mg/L TDS.  In addition, wastewater treatments kill or 
remove most pathogens, but do not remove all residual (trace) organic 
chemicals.  The removal of excess salts and trace amounts of residual 
organic chemicals would increase the cost of wastewater treatment 
significantly.  Reclaimed water is considered safe for irrigation and 
groundwater recharge, but direct use as a drinking water source 
requires additional treatment. 

Outlook

The earth is a water planet, but only a very small fraction of the 
world’s water is fresh and located where it is needed.  Groundwater 
resources are important to Arizona but are being depleted because 
pumping exceeds the rate at which natural recharge replenishes the 
supply.  Wise water management is necessary to conserve local water 
resources, to sustain growth, and to preserve life and the environment. 

For the domestic well owner, knowledge of the vulnerability of their 
well, the importance of water quality monitoring, and appropriate 
well maintenance is necessary to assure drinking water availability 
and supply into the future.
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2.  Aquifers in Arizona

An aquifer is an underground geologic formation capable of 
producing (yielding or transmitting) usable quantities of water to 
a well or spring.  Depending on the geologic formation, water is 
typically held in interconnected pores and void spaces between 
grains of clay, silt, sand, and gravel or in subsurface fractures 
and cracks of rocks, see Figure 3.  Aquifer material types include 
consolidated and unconsolidated rock materials, examples of 
which range from the unconsolidated alluvial sands and gravels of 
river valleys and southern deserts, to the dense consolidated basalt 
of the Mogollon Rim.

In these two aquifer types, groundwater is filtered through pores 
(porous flow) or through fractures and cracks (fractured flow) 
and/or in a combination of these flow types.  Water flow through 
fractures can rapidly transmit contaminants through the subsurface, 
as there is little opportunity for natural filtration of pollutants.  It 
is important to understand which flow type is prevalent in your 
aquifer to protect your water supply from contamination.

Arizona’s geologic history resulted in the formation of three 
physiographic provinces: the Colorado Plateau; the Central Highlands 
Region (also known as the Transition Zone between the other two 
provinces); and, the Basin and Range Province, see Figure 4. 

Figure 3. Aquifer Materials.
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Each of these provinces exhibit aquifer types and groundwater flow 
characteristics unique to that region. 

Colorado Plateau Uplands
The Colorado Plateau consists of layers of consolidated sedimentary 
rock, which form broad plateaus and mesas, separated by deep 
canyons.  The numerous sedimentary rock layers are visible in 
the Grand Canyon walls, and each rock layer has unique aquifer 
characteristics, dependent on the numbers of sedimentary 
bedding planes, fractures and cracks, and interconnected rock 
fractures.  Some sedimentary rocks maintain their original pore 
spaces (porosity), such as the Coconino Sandstone (see Figure 5) 
which originated from white-sand dunes.  In some places, these 
layers of sedimentary rock contain caverns and caves, for example 
in the Redwall Limestone.  These caves were produced by large 
groundwater flows through rock fractures, which then dissolved 
the rock, forming large caverns.  Therefore, a well constructed in 
the consolidated sedimentary aquifers of the Colorado Plateau 
may yield little water if the borehole does not intercept sufficient 
fractures transmitting water, or in the extreme, the well may yield 
sufficient volumes of groundwater that has had little filtering.

Figure 4. : Arizona Physiographic  Provinces 
(Harshbarger et al., 1966).
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Figure 5.  Colorado Plateau geology showing aquifers 
available for potential water supply (modified from 
Harshbarger et al., 1966; and, Kamilli and Richard, 1998).
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Central Highlands Region
The southern boundary of the Colorado Plateau is the Mogollon 
Rim, a steep ridge formed by erosion after the plateau was uplifted.  
Large volcanoes, such as the San Francisco Peaks, are present along 
the Mogollon Rim bordering this Central Highlands Region or 
Transition Zone.  This zone cuts across central Arizona, (see Figure 
4) separating the Basin and Range Province from the Colorado 
Plateau, and exhibits geologic characteristics intermediate between 
the two.  In addition to the volcanoes along the northern margin, 
it contains mountainous regions (highlands) cut by major canyons 
and valleys filled by unconsolidated sediments such as in the Verde 
Valley.  

The amount of water produced by wells developed in these valleys 
will vary depending on the grain-size of the aquifer material – fine-
grained silts and clays will yield less water than the more porous 
coarse-grained sands and gravels.  Wells in the dense fractured 
volcanic basalt rocks will also vary in yield depending on the 
number of water-bearing fractures intercepted by the well borehole 
and permeability (see Figure 3 and Figure 6).

Figure 6. Permeability ranges for aquifer materials.
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Basin and Range
This province of southern and western Arizona is where the 
earth’s crust was stretched and broken by numerous faults so that 
mountain ranges and basins (broad valleys) were formed by the 
vertical displacement of large consolidated blocks of rock.  From 
mountain top to the valley basement, the average displacement has 
been estimated at approximately 10,000 feet, with the valleys filled 
by up to 7,000 feet of gravel, sand, and silt.  

The sediments or alluvial materials that fill these valley basins 
originate from the mountains above, and typically consist of 
sands and gravels produced by the weathering of granite rock.  
The valleys are filled with materials produced by the action of 
erosion and transported by rivers and streams (Figure 7).  Often, 
impermeable geologic barriers blocked the basins from forming 
rivers that would drain the basin and thus created lakes.  In these 
cases, the valley fill may include lake deposits of silt and clay, and 
occasionally salt.  Wells completed in the granites and other rocks 
of the mountain ranges bordering the alluvial valleys will vary in 
yield, depending on the number of water-bearing rock fractures 
intercepted by the well borehole.  Note that local geology may vary 
from the generalizations made above.

Figure 7. Profile of a Basin and Range Aquifer.
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Major agricultural areas of the state, as well as the cities of Phoenix 
and Tucson, are located in the Basin and Range province.  Increasing 
groundwater pumping continues to lower water table elevations, 
which has resulted in land subsidence in some locations.  Because 
of dropping water tables and local geology, wells in these sediments 
may require drilling to excessive depths to reach water-bearing 
zones.  For example, in some locations within the San Pedro Valley, 
domestic water wells must drill through nearly 400 feet of the St. 
David Clay Formation to find water-bearing sands and gravels.  

Across Arizona, pockets of alluvial sands and gravel, and lenses 
of ancient river gravel channels now buried in clay may result in 
finding water where none had been expected.  In addition, the 
depth to water and thickness of the water saturated zone of the 
aquifer, and aquifer permeability, will control the ability of a well to 
yield sufficient volumes of water.

Aquifer Recharge

Because of Arizona’s arid and 
semi-arid climate, on average, 
recharge to groundwater is 
estimated to be 2% to 3% of 
the average annual rainfall 
(Uhlman, 2005).  Most aquifer 
recharge occurs along the 
mountain fronts because that is 
where most of the rain falls, and 
because the fractured rock of the 

mountains and the coarser grained materials along the margins of 
the alluvial basins allow water to infiltrate rapidly.  Shallow wells 
near surface water or washes, with a water-table within a few feet of 
land surface, may exhibit dramatic seasonal variation in water table 
depth due to rapid infiltration of recharge following precipitation 
or stream flow.  Most Arizona wells, however, are at a distance from 
their recharge source and are less likely to exhibit seasonal changes.  
In addition, most regional aquifers across the west, and in Arizona, 
have not received significant volumes of recharge for hundreds to 
thousands of years.  

Work done by the U.S. Geological Survey has age-dated 
groundwater (see Figure 8).   For most of the west, the last time the 
climate was wet enough to fill up the aquifers was during the last 
Ice Age over 10,000 years ago.

Water Use Facts: Age dating 
is accomplished by looking at 
carbon, hydrogen, and oxygen 
isotopes within the groundwater, 
and calculating when was the 
last time the water fell as rain 
or snow prior to  recharging the 
aquifer.

P
ro

p
er

ti
es

 o
f 

W
at

er

2



19

P
ro

p
erties o

f 
W

ater2

Figure 8. Map Showing Groundwater Ages in Areas with significant Water supplies in 
the Western United States  (USGS, 2006).
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3. Water Quality

Water has three natural states: solid (ice); liquid; and, gas (vapor), and 
moves freely between these states.  In its liquid form water has the 
ability to interact with solid matter (minerals, plant residues), dissolve 
minerals (chemicals), and carry particulates and microorganisms 
as it runs off and seeps into the ground.  Therefore, water quality 
often changes when water in its liquid form and interacts with the 
environment.  Water vapor completes the water cycle as it evaporates 
and condenses to form rain.  Rainwater can become contaminated by 
interacting with atmospheric pollutants.  Nonetheless, cycling through 
this natural distillation process is what makes rain and snowmelt fed 
“fresh water” rivers and streams an important resource.   

Common Minerals found in Water
Fresh water in contact with soils and aquifer material typically 
contains common minerals including gypsum, calcite, and dolomite 
that control the alkalinity and hardness.  Such minerals are the 
sources of common elements (ions) like calcium, magnesium, 
carbonates, and sulfate.  These ions together with potassium and 
salt (NaCl) account for about 95% (by mass) of the total dissolved 
solids (TDS) found in natural fresh water.   The amount and 
proportions of minerals in water affect its taste and can often be 
used to identify the origin of a water source. (Figure 9).

Figure 9. Mineral composition of sea water (diluted 100 times) and three 
Arizona water sources. 
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Numerous other chemicals, found in soil and rocks, are also found 
in water in trace amounts.  These include nutritionally beneficial 
elements like trace concentrations of copper, zinc, and iron and 
undesirable elements like arsenic, mercury, and radon gas.  Waters 
that come into contact with minerals rich in these chemicals may 
contain elevated and potentially toxic concentrations to human 
health. 

Contaminants in Water
Contaminants fall into three categories: those of natural origin, 
those of natural origin but concentrated by human activities and 
those human-made and introduced into the environment.  Water 
sources may also have unwanted but naturally occurring toxic 
elements like arsenic that may naturally concentrate to toxic levels 
in certain geologic settings.  When naturally occurring arsenic is 
found in a drinking water source at concentrations above National 
Primary Drinking Water Standards (NPDWS), the water is 
considered to be “contaminated” with arsenic.
Human activities can also contaminate natural waters with 
excessive levels of minerals or pollutants.  These activities include 
agricultural and industrial release of pollutants; improper disposal 
of municipal and animal wastes into air, soil, and surface and 
groundwaters; and transportation and recreation on air, land, and 
water.  The types and concentrations of contaminants that can be 
tolerated in drinking water without harm to human health are set 
by the US-EPA.
Human-made contaminants are also commonly referred to as 
pollutants.  These include synthetic organic chemicals such as 
agricultural pesticides, industrial solvents, fuel additives, petroleum 
products, plastics, and many other chemicals.  Unfortunately, 
many of these chemicals are ubiquitous (present everywhere) in 
our environment due to their extensive use in modern society.  In 
addition, microbial pathogens derived from human and animal 
waste become pollutants when improperly disposed of, and can 
adversely affect the quality of water resources.

Drinking Water Guidelines and Standards
The EPA sets National Primary and Secondary Drinking Water 
Standards in collaboration with community water system 
organizations, scientists, state and local agencies, the public, 
and others.  States and Native American Communities facilitate 
implementation of these standards by regulating public and private 
water systems.  Standards are published in the Code of Federal 
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Figure 10. Code of Federal Regulations, Title 40 Protection of the Environment.

Regulations (Figure 10).  Drinking water standards are always 
evolving as new analytical methods are developed, scientific 
information becomes available, and new priorities are set in 
response to the potential health effects of contaminants.  
In Arizona, these standards apply to “community water systems,” 
which are systems that serve at least 15 connections used by year-
round residents of the area served, or that regularly serves at least 
25 year-round residents.  Domestic wells that serve water below 
these limits are not required to comply with the drinking water 
quality standards.  In Arizona, wells equipped with a pump that 
pumps less than 35 gallons per minute and serve a household (or 
several households) are private domestic wells and are not required 
to monitor water quality.  For that reason it is important for well 
owners to be aware of drinking water guidelines and to test their 
water quality against those standards required for community water 
systems.   

Primary Drinking Water Standards
The EPA considers many issues and factors when setting a standard.  
These include current scientific data, availability of technologies for 
the detection and removal of contaminants, the occurrence or extent 
of a chemical in the environment, the level of human exposure, 
potential health effects (risk assessment), and the economic cost of 
water treatment. 
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Community water systems must comply with National Primary 
Drinking Water Standards (NPDWS) by providing water to their 
customers that does not exceed the MCL of any listed contaminant.  
Contaminants listed as NPDWS are known to have an unacceptable 
human health and/or environmental risk, if found in concentrations 
greater than their MCLs.  Additionally, when water sources are 
treated by community water utilities, they must use EPA-mandated 
or US-EPA-accepted water treatment methods to treat below the 
primary MCL. 
Primary contaminants (87 individual and categories), regulated 
under the NPDWS, are divided into six groups, inorganic 
contaminants (such as arsenic and lead), organic chemical 
contaminants (such as insecticides, herbicides, and industrial 
solvents like trichloroethylene or TCE), water disinfectants (such 
as chlorine and chloramines), disinfection by-products (such as 
chloroform), radionuclides (such as uranium) and microorganisms 
(such as Giardia and intestinal viruses).  The complete list of these 
contaminants, including the MCL allowable in a drinking water 
supply, can be found in Appendix A and on the EPA website. 
If well water exceeds the MCL for any listed contaminant, your 
water supply may be a health risk.  You should treat your water to 
avoid the health risk or find an alternative supply.

Secondary Drinking Water Standards
EPA has established National Secondary Drinking Water Standards 
(NSDWS) that set non-mandatory water quality standards for 
15 contaminants, as shown on Table 1.  EPA does not enforce 
Secondary Maximum Contaminant Levels (SMCL).  They are 
established only as guidelines to assist community water systems 
in managing their drinking water for aesthetic considerations, such 
as taste, color, and odor.  These contaminants are not considered to 
present a risk to human health, and community water systems are 
not required to reduce these chemicals below the SMCL.  However, 
water utilities control the levels of these chemicals in the water 
in order to prevent tap water odor and taste-related customer 
complaints.   
If well water exceeds the SMCL for any listed contaminant in 
Table 1, consider water treatment to bring your water supply 
within aesthetic considerations.  A discussion of commonly found 
contaminants follows.  
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Contaminant Secondary Standard Primary Standard

Aluminum 0.05 to 0.2 mg/L

Chloride 250 mg/L

Color 15 (color units)

Copper 1.0 mg/L MCL=1.3 mg/L

Corrosivity noncorrosive

Fluoride 2.0 mg/L MCL=4.0 mg/L

Foaming Agents 0.5 mg/L

Iron 0.3 mg/L

Manganese 0.05 mg/L

Odor 3 threshold odor number

pH 6.5-8.5

Silver 0.10 mg/L

Sulfate 250 mg/L

Total Dissolved Solids 500 mg/L

Zinc 5 mg/L

Table 1.  National Secondary Drinking Water Standards.  The Primary Standard, or 
MCL, is also shown for copper and fluoride.

Water Facts: Most of the minerals 
found in fresh water are necessary 
life-sustaining nutrients and many 
are found in common vitamin 
supplements. These include 
calcium, magnesium, potassium, 
zinc, copper, iron, and selenium. 
Note, however, that drinking 
tap water may not provide the 
recommended levels of most of 
these nutrients. For example, 
drinking 64 ounces (~2L) of water 
a day, containing 50 mg/L calcium, 
would provide 1/10th of the adult 
daily requirement of calcium  
recommended by the National 
Academy of Sciences.  

Total Dissolved Solids (TDS)

This measurement combines 
most dissolved minerals found 
in water sources into one 
value.  These include sodium, 
potassium, calcium, magnesium, 
chloride, sulfate, and carbonates.  
According to the NSDWS, 
drinking water should not have 
more than 500 mg/L of TDS.  
Still, potable water that has a 
higher TDS is not necessarily 
unhealthy.  However, high TDS 
water may cause deposits and/
or staining, and may have a salty 
taste.
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pH 

This value measures the active acidity in water.  The pH of water is 
important in controlling pipe corrosion and some taste problems.  
The recommended pH range is 6.5–8.5. 

Taste 

Note that TDS and pH values do not determine the proportions 
of the major minerals found in drinking water sources.  However, 
the mineral composition of water may affect its taste.  For example, 
water with a TDS of 500 mg/L composed of table salt would 
taste slightly salty, have a slippery feel, and be called soft water.  
Whereas, water with the same TDS value but composed of similar 
proportions of table salt, gypsum, and calcite would have a more 
acceptable (less salty) taste and feel less slippery due to its greater 
water hardness.  Salty taste can be reduced by limiting the amounts 
of chloride and sulfate ions in potable water to less than 250 mg/L 
each.

Organic Matter 

Water color, odor, and foaming are affected by the presence of 
natural organic matter (NOM) substances often found in surface 
water, but much less frequently in groundwater supplies.  This 
organic matter is derived from vegetation, such as leaves, that fall 
into surface water.  Water soluble natural organic constituents 
impart taste and color to the water, similar to what occurs when tea 
leaves are brewed in water,

Metals and Fluoride 

The NSDWS also include recommended levels for aluminum, zinc, 
iron, manganese, copper, and fluoride (not a metal).  Other metals 
that are considered more toxic, like lead, chromium, cadmium, 
and mercury, are regulated under the NPDWS.  In general, these 
elements are found in trace quantities (less than 1 mg/L) in fresh 
waters.  Iron, copper, and zinc, if present above NSDWS, can impart 
a metallic taste to water and cause staining.  Note that copper and 
fluoride also have NPDWS regulatory levels (MCLs) that must not 
be exceeded in drinking water (Table1.) 
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Naturally Occurring Well Water Contaminants
In addition to elevated total dissolved solids, the most common 
constituents found in Arizona groundwater in concentrations 
above drinking water standards are arsenic, fluoride, gross alpha 
radiation, and nitrate.  Nitrate contamination, although it can be 
natural, is usually due to either agricultural practices (excessive 
fertilizer use and/or poor irrigation practices), or failing septic 
systems that allow contaminated waters to drain into the aquifer.  
Ammonium and phosphorus contamination, much less common 
in Arizona aquifers, are also linked to septic sewage water 
contamination.  Naturally occurring groundwater contaminants are 
dependent on aquifer geology, and are discussed below.
An important consideration within the Basin and Range Province 
is how geologic forces have influenced the quality of water held 
within the aquifers.  The Basin and Range could resemble an egg 
carton filled with sand, with many isolated basins and drainage 
systems that could not reach the sea, generating large inland 
seas – such as the Great Salt Lake in Utah – that concentrated the 
salts leached from the soils as water evaporated.  Large evaporite 
deposits of salt are common within valley aquifers within the 
Basin and Range province, and elevated concentrations of chemical 
constituents such as boron, sodium chloride (salt) and calcium 
sulfate (gypsum) are often found in the deeper alluvium zones of 
the basin these aquifers.  
In the Gila River Valley, for example, deep petroleum exploration 
boreholes have been drilled throughout the region.  Although oil 
was not found, salt brines are now discharging to the land surface 
through improperly sealed abandoned boreholes, and the local 
water quality has been impacted.  Thick layers of salt are found 
deep throughout the entire valley.  
Today, the Willcox Playa (near Willcox) is an example of the 
formation of evaporite deposits.  Because the basin is not drained, 
salts are accumulating on the land surface.  However, the geologic 
barrier that stops the flow out of the Willcox Basin is relatively 
recent in geologic time, and because of this only the shallow 
groundwater is salty.  Water quality in the deep aquifer of the 
Willcox Basin is excellent.  
Figure 11 shows those portions of the state where groundwater 
has been reported to be saline, either due to deep layers of 
salt originating from the depositional setting, playa formation, 
or in agricultural areas where evaporation of irrigation water 
concentrates naturally occurring salts.
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Arsenic 

Three significant geologic sources of arsenic are found in Arizona, 
and elevated concentrations of arsenic are found in each of the three 
geologic provinces.  In geologically ancient Arizona, magma pushed 
upward into the host rock and hardened into granitic plutons and 
mineralized veins of ore containing copper, silver, gold, and arsenic.  
In Arizona, regions of granite bedrock with valuable gold ore often 
contain elevated concentrations of arsenic.  Gold prospectors have 
found new mine sites by measuring the concentration of arsenic 
in rivers and streams, using arsenic as a pathfinder as they move 
upstream following greater and greater concentrations of arsenic 
until the source is found – and gold is discovered.  In addition, 
Basin and Range aquifers consisting of alluvium eroded from 
granite bedrock may also contain arsenic.  
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Figure 11.  Major aquifers and regions of saline groundwater (modified from WRRC, 
2002).
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The geology of northern Arizona and southern Utah consists of 
layers of ancient sedimentary rock, including the Redwall Limestone 
and the sandstone formations that can be seen in the exposed cliffs 
of the Grand Canyon, (see Figure 5).  These sedimentary rocks are 
found layered across the Colorado Plateau province of northeastern 
Arizona and many water supply wells tap these formations.  An 
extensive cave system was formed over 325 million years ago 
within the Redwall Limestone, similar to the limestone caves of 
Kartchner Caverns near Benson.  Over geologic time, the weight 
of overlying rock layers that had accumulated on top of the caves 
in the Redwall Limestone collapsed, resulting in thousands of feet 
of vertical collapsed chimneys or drain pipes that filled with rock 
rubble in the Supai Sandstone and above.  These pipes acted as 
drains, allowing groundwater, which contained dissolved chemicals 
from the adjacent sedimentary rock to concentrate.  Arsenic, various 
metals, and uranium were deposited and concentrated within these 
pipes, which are found throughout the Supai Sandstone formation 
(Kenny, 2003).  Wells constructed within the Supai Sandstone in the 
Colorado Plateau have elevated levels of dissolved arsenic in the 
groundwater, as well as uranium and other radioactive elements, 
discussed below.  
Arsenic is also found in the Central Highlands Transition Zone of 
Arizona (see Figure 4).  Within the past 2 to 5 million years, the 
Verde Valley of Yavapai County was formed as earth crust shifts 
produced faults that separated the Colorado Plateau from the Basin 
and Range.  The arsenic rich Supai Sandstone formation was eroded 
and re-deposited in the Verde Alluvium Formation, which now 
forms the aquifer of the Big Chino and Verde Valley.  The highest 
concentration of arsenic in groundwater in Arizona was found near 
Paulden in the Verde Valley, with a concentration of 2,900 parts 
per billion in a private, domestic (exempt) well.  The EPA drinking 
water MCL for arsenic is 0.010 mg/L, or 10 parts-per-billion.   
Because the solubility of arsenic in water is a function of its mineral 
form, water pH, and oxygen content, any change in the chemistry 
of an aquifer may increase or decrease arsenic concentrations.  An 
example is the introduction of oxygen as groundwater elevations 
dropped due to drought in the Verde Valley.  The change in 
geochemistry resulted in arsenic concentrations increasing, and 
consequently in arsenic poisoning of livestock (Foust et al., 2003)

Radioactive Elements

Radioactivity is the release of energy from within atoms.  Certain 
atom structures are inherently unstable and spontaneously 
break down (decay) to form more stable atoms.  For example, 
the potassium-40 isotope decays very slowly (half-life of 1.25 
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billion years) but eventually becomes the element argon.  Because 
potassium is a significant component of clay minerals, it is generally 
true that all clay, including clay soils, bricks and pottery made from 
clay soils, and living organisms (animals and plants) that contain 
potassium, are all slightly radioactive.  
In Arizona, the most common source of radioactivity is dissolved 
uranium and dissolved radon gas.  As mentioned previously, 
uranium was deposited and concentrated within collapsed breccia 
pipes above the Redwall Limestone formation.  Uranium mines are 
found throughout the Supai Sandstone Formation (Kenny, 2003).  
The water from wells within the Supai Sandstone in the Colorado 
Plateau show elevated concentrations of uranium, sometimes 
exceeding the MCL of 0.030 mg/L or 30 parts-per-billion. 
Radioactive minerals containing the elements uranium and thorium 
(760 million and 4.46 billion years half-life, respectively) are also 
found in some Arizona granites.  These elements are unstable and 
decay, eventually becoming a new element called radium (half-life 
of 1,620 years), which then decays to the element radon (half-life 
of 3.8 days).  Radon is strongly radioactive as it emits high energy 
alpha particles.  Unfortunately, the radon element is an odorless, 
colorless, tasteless gas that dissolves in groundwater and may 
migrate upward though the soil, eventually dissipating into the 
atmosphere.  If radon gas is trapped within a structure, such as a 
basement, the concentration of radon gas within the closed structure 
may exceed health standards.  The EPA estimates that 1 in 15 U.S. 
homes contains a high level of the gas and is considered to be the 
second leading cause of lung cancer in the country (epa.gov/rado/
radontest.html).  The MCL for radon is 300 pCi/L.  
‘Gross alpha’ is a measurement of the amount of radioactivity in 
water whether it is due to the decay of uranium, radium, or radon, 
and is a gross measurement of overall radioactivity.  ‘Gross alpha’ 
is a common naturally occurring “contaminant” in Arizona bedrock 
aquifers (such as the Supai Sandstone or granite) or in alluvial 
aquifers composed of eroded granite.  The MCL for ‘Gross alpha’ is 
15 pCi/L

Fluoride

Fluoride is a common mineral that is concentrated in volcanic 
materials, and mineral particles that contain fluoride are common 
in some sedimentary rocks.  In Arizona, the highest fluoride 
concentrations are found in Cochise County (Hem, 1985); Mohave, 
Graham, and Greenlee Counties (ADEQ, 2005): and along the lower 
Gila River in Yuma County.  Most of the elevated concentrations are 
associated with confined aquifers.  Groundwater from confined 
aquifers usually has not had the opportunity to mix with recently 
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recharged water high in dissolved oxygen.  Therefore, the low 
oxygen environment and long resident time in confined aquifers 
allows for fluoride naturally present in the aquifer geology 
to dissolve into the groundwater.  Although fluoride at high 
concentrations may be harmful, it is essential for strong teeth and 
bones; many municipal water supply systems add fluoride to the 
water in a process called fluoridation.  Excessive concentrations 
in drinking water results in tooth mottling and discoloration.  The 
MCL for fluoride is 4.0 mg/L. 
Elevated levels of other naturally occurring constituents have been 
found in wells across Arizona.  For example, naturally occurring 
hexavalent chromium (CrVI), known to cause cancer, has been 
found in Paradise Valley north of Phoenix and in the Detrital Valley 
near Kingman (Robertson, 1975).  Lithium is found in the brine 
groundwater of the Gila Valley near Safford.  Selenium and boron 
are also found in geologic settings with evaporite deposits, and 
these elements have been detected in groundwaters near Kingman.  
Each of these constituents has known health impacts and should be 
avoided in high concentrations.  The mineral-rich geology of our 
state results in elevated levels of elements such a copper, silver, zinc, 
manganese, and sulfate minerals, occasionally being encountered 
in groundwater near mining districts.  Iron is found in nearly all 
groundwater and is responsible for iron-bacterial fouling of some 
wells.

Examples of Anthropogenic Contaminants
Anthropogenic contaminants are those chemicals that have been 
introduced to the environment by the activity of man.  These 
contaminants include industrial chemicals inadvertently released 
into the environment, those derived from land use activities such 
as oils and grease flushed off roadways and agricultural chemicals 
applied to crops.  In early June of 2003, the cause of the death of 
aquarium fish in a home in Tucson was traced to mercury in the 
water supply.  The single source of mercury was a broken water-
level indicator, a mercury switch, within one of the wells of the 
water provider for the neighborhood.  This isolated incident points 
to the fact that water contaminants can be found very close to home. 
A neighborhood of recently installed private domestic wells in a 
new subdivision in New York was tested for contaminants after 
concern was expressed about the proximity of a nearby landfill.  
All wells failed water quality testing because a dissolved industrial 
solvent was found.  Since the solvent is also a common contaminant 
associated with landfills, an extensive investigation was conducted 
to tie the pollution to the landfill, but no link could be found.  The 
source of water contamination was discovered to be the solvent 
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used to glue the plastic polyvinyl chloride (PVC) pipe used to 
construct the wells and plumbing.  
Chemical plants, manufacturing facilities, gas stations, repair shops, 
landfills, and mining activities all have the potential to release 
contaminants into the environment.  Many Superfund Sites (EPA 
mandated environmental clean-up sites) were first discovered 
because domestic well owners noticed an unusual odor as they 
showered or an odd taste to their well water.  In some cases, plumes 
of groundwater contamination have extended miles beyond their 
original source.  The contaminant concentration decreases with 
distance as the contaminant plume dissipates and mixes with 
uncontaminated water, and as it moves down gradient.  Superfund 
Sites can be found at http://www.epa.gov/superfund/sites/index.
htm.  If there a site in your neighborhood, you may want to follow 
up with the Arizona Department of Environmental Quality (ADEQ) 
to obtain information to determine if your water supply is at risk of 
contamination.
The gasoline additive MTBE (Methyl tertiary-butyl ether) was 
added to gasoline in the late 1970’s to boost octane, to replace the 
toxic metal lead, and to reduce air pollution.  Unfortunately, the 
fate of this chemical in the water environment was not fully tested 
before it was approved as a gasoline additive, and has since been 
tied to respiratory problems.  Since then, this chemical has been 
found to be very soluble and stable (degrades slowly) and has 
resulted in the contamination of numerous groundwater supplies 
from leaky underground gasoline tanks.  Today, the fate of MTBE 
is the subject of numerous research studies.  It is now banned in 
California, and EPA is taking actions to reduce and eventually 
eliminate MTBE use (http://www.epa.gov/mtbe/faq.htm#actions).
Often, the most likely source of groundwater pollution in a domestic 
well is found near the well-head (Figure 12).  Stored pesticides, lawn 
amendments, oil and grease, and failing septic systems are the most 
likely sources of domestic water supply pollution.  Septic tank de-
greasers are banned in many states because the chemicals, industrial 
solvents, rapidly percolate through the soils and contaminate the 
aquifer
It is worthwhile to note that the odor threshold (the concentration 
at which the human nose can detect an odor) of some natural and 
industrial chemicals is lower than the detection capacity of a testing 
laboratory.  What this means is that sometimes we can be alerted to 
the presence of contaminants in water by their smell.  However, one 
should not rely on the sense of smell only to determine the possible 
presence of contaminants in well water.  See the following section 
for more details on well water testing.
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Well head

Figure 11.  Major aquifers and regions of saline groundwater (modified from Ontario 
2003).

Pathogens

Drinking water supplies that depend on groundwater are subject to 
contamination by enteric waterborne pathogens.  The detection of 
these pathogens (and other indicator organisms) may indicate fecal 
contamination of the groundwater.  These pathogens can originate 
from leaking sewer lines, septic systems, or improperly protected 
well heads that allow contaminated surface water to drain into the 
aquifer along the outer well casing.  Contaminated groundwater 
represents approximately half of the waterborne disease outbreaks 
documented in the United States every year.
Organisms of particular concern with respect to groundwater 
contamination include waterborne pathogenic human enteric 
viruses such as Adenovirus, Rotavirus, Hepatitis A, and Norovirus; 
enteric bacteria such as the pathogenic strain of Escherichia coli 
0157:H7, Salmonella, Campylobacter, Pseudomonas, Helicobacter, 
Aeromonas, Vibrio cholerae, and Shigella spp.; protozoan pathogens 
such as Cryptosporidium and Giardia; and, the recently reported 
amoeba Naegleria fowleri.  These organisms present a human health 
risk to those who ingest the water.  Typical symptoms associated 
with an infection include acute gastroenteritis, severe cramping, 
abdominal pain, dehydration, and diarrhea.
In a recent study in Arizona of 188 drinking water systems and 
individual household wells, the waterborne amoeba Naegleria fowleri 
was reported in 29 cases (Payal, 2008).  According to the Centers 
for Disease Control (CDC), Naegleria infects people by entering 
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the body through the nose.  This can occur when people use warm 
freshwater or untreated groundwater for activities like swimming or 
diving.  The amoeba travels up the nose to the brain and spinal cord 
where it destroys the brain tissue.  Because Naegleria is commonly 
found in warmer temperatures, states within the southwest are 
particularly prone to its presence.  Although it is alarming that 
this waterborne pathogen is currently being found in wells across 
Arizona, infections occur only by immersion in the water and do not 
occur as a result of drinking contaminated water.
Certain bacteria are liable to form biofilms within wells if enough 
nutrients are available for their survival.  Occurrence could be due 
to the use of biodegradable oils used to lubricate pumps in addition 
to the high temperatures of groundwater in Arizona.  The oils may 
act as a food source for bacteria, and other organisms, such as the 
amoeba N. fowleri, may feed upon bacteria growing on the oils 
within these wells.  
Iron bacteria thrive in groundwater with high concentrations 
of naturally occurring dissolved iron and are non-injurious to 
health.  Iron bacteria are nuisance organisms that cause plugging 
of the pores in the aquifer and the openings of the well screen.  
The bacteria produce accumulations of slime within the well, and 
precipitate iron and manganese.  The combined effect of the growth 
of the organisms and precipitated mineral has been reported to 
reduce well yield by 75% within a year in some locations (Johnson 
Division, 1972).  
Although all of the above mentioned organisms pose a risk to 
human health, viral contaminants are typically considered more of 
a threat to groundwater than bacterial or protozoan contaminants 
for two reasons.  First, because of the small size of viruses, they 
typically can be transported further into the aquifer than bacteria 
and can eventually reach the groundwater.  Second, viruses are 
thought to be more persistent in the environment than their 
bacterial counterparts and require greater disinfection procedures to 
render them inactive. 
Approximately one-third of the groundwater drinking wells used 
by utilities across the United States contained human pathogenic 
enteric viruses (Abbaszadegan et al., 2003).  However, in another 
study focused specifically on groundwater supplies in Arizona, 
none of the 49 groundwater samples tested in seven counties across 
Arizona reported detection of human pathogenic enteric viruses 
(Karpisack et al., 2006).   Although viruses were not detected, 74% 
of the Arizona samples exceeded at least one of the NPDWS, 80% 
exceeded at least one NSDWS, and 95% exceeded one parameter of 
either of the two standards (Marrero-Ortiz, 2007).
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New Contaminants

The EPA is always evaluating so-called “emerging” contaminants 
that may need to be regulated in our community water systems. 
Emerging contaminants include those chemical constituents, for 
which new analytical methods allow us to measure very small 
concentrations, revealing the presence of common household 
chemicals that were not expected to end up in our water supply.  
Very small concentrations of chemical fire retardants, antibiotics 
used in household soaps, and chemicals originating in well-known 
products such as Teflon®, ScotchgardTM, and Gore-Tex® are being 
found.  Of increasing concern are pharmaceuticals and personal 
care products (PPCPs), and many may affect the endocrine 
system of living organisms (also called endocrine disruptors).  
Pharmaceuticals in general may be flushed through our bodies and 
end up in the sewer systems.  A recent national survey showed that 
several of these chemicals are not completely removed during the 
treatment of wastewaters.  Thus, reclaimed waters, when discharged 
into the environment, may affect the quality of water sources.  
According to EPA, PPCPs include: therapeutic and veterinary drugs, 
fragrances, cosmetics, sun-screens, diagnostic agents, and vitamins. 
See:  www.epa.gov/ppcp/basic2.html
In addition, the EPA is evaluating other environmental 
contaminants for potential regulation. These include the perchlorate 
ion, found in rocket fuel and explosives but also naturally occurring, 
which has been detected in both the groundwater and surface water 
of several states (including Colorado River water). Although the 
EPA has not yet set or passed any national standards on these newly 
recognized contaminants, individual states may choose to have 
additional or stricter drinking water quality guidelines.
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4.  Well Water Quality

To determine the water quality of your well, first obtain all available 
water quality information from the previous owner, neighbors, 
and local water utilities, and then consider further testing.  Several 
agencies collect well water information in Arizona, including 
the ADWR, USGS, ADEQ, and the EPA (see websites of Interest 
section).  In addition, a user-friendly website is now available in 
Arizona that combines several databases on well water information.  
The ARIZONAWELLS web tool, created by the Sustainability 
of Semi-arid Hydrology and Riparian Areas (SAHRA) of the 
University of Arizona provides this well water information search 
tool free to the public (www.wellownerhelp.org).  The website 
provides information on well locations and in some instances the 
depth to water. Although water quality information is not included, 
neighboring wells can be located and this may be of assistance in the 
search for local information.  Water quality information for domestic 
wells is not recorded or made available through any public agency.
If your water source is cloudy, smelly, or has an unacceptable taste, 
it likely does not conform to NSDWS. Consider testing for all 
NSDW parameters and review Water Problems: Symptoms, Tests, 
and Possible Sources (Appendix B) to determine water problems 
and possible sources of contamination.  Finally, contact the ADEQ 
for information on possible or known sources of groundwater 
contamination in your area.
 

Testing Schedule
When a well produces water of poor quality, it is important to 
determine the possible causes or sources of the contamination. Table 2 
provides a list of recommended tests and frequency of testing. Initial 
tests should be conducted with the installation of a new well, as well as 
prior to your taking ownership (and responsibility) for the well.
More frequent testing is suggested if visual changes in the water 
quality are noticed, if you smell an unusual odor from the water, 
if there has been recent maintenance of your well or pump, if you 
observe spotting on laundry, or if unexplained health changes 
occur. Unusual smells or tastes, not readily identified by the tests 
suggested in Table 2, may require testing for volatile organics 
(including solvents and gasoline products.)  These tests are also 
recommended for wells located in or near industrial sites and/
or agricultural areas with shallow (less than 100 feet below land 
surface) groundwater sources.
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Water quality tests should be done at the well head (if possible), 
after water passes through a water softener unit, and/or at the 
tap.  Note that some water softeners change the composition and 
concentration of salts and may also reduce the levels of arsenic and 
other trace inorganic chemicals.  
Homeowners should not attempt to treat or use any water sources 
contaminated with industrial chemicals such as solvents, pesticides, 
and gasoline products at concentrations above National Primary 
Drinking Water Standards.

Well Water Sampling
A good water testing laboratory should provide clean containers 
and clear instructions on how to collect your water sample. Some 
laboratories will package and ship the sample collection bottles.  
After sample collection, return the samples in the same shipping 
container.  In order to prevent biased test results, it is essential that 
you follow the water sample collection, preservation, and shipment 
instructions provided by the laboratory carefully. The sample 
should be taken at the tap, if there is a water softener or pressure 
tank, a more representative sample should be collected before your 
well water enters the storage tank. 

•     Initial Tests** 
     Hardness, sodium, chloride, fluoride, nitrate, sulfate, radionuclides, iron, 

manganese, arsenic, mercury, and lead.  In some locations in Arizona, test 
for selenium (near both the San Simon and Colorado River, as well as the 
Gila River in Yuma County) and hexavalent chromium (near Kingman), 
plus all tests listed below. 

•    Annual Tests (at a minimum):
     Total coliform bacteria, TDS, pH, nitrate.
•   Monthly Visual Inspection: 
     Look for and note changes in:
            Turbidity (cloudiness, particulates)
            Color, taste, and odor***
            Health changes (reoccurring gastrointestinal              
            problems in children and/or guests) ****

Table 2. Suggested Water Testing* Schedule.

*See Appendix B for a comprehensive list of 
poor water quality symptoms, tests, and possible causes.
**Annual testing may not be needed, as these chemicals usually are
naturally occurring and their concentrations do not change over time.
***Consider one or more of the initial tests listed above.
****Tests should be performed right away.
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To locate an Arizona state certified laboratory, contact the Arizona 
Department of Health Services (ADHS) Bureau of State Laboratory 
Services for a list of certified water testing laboratories in Arizona 
(602-364-0720).   See also the Cooperative Extension publication 
AZ1111 (Schalau, 2004). Water testing laboratories must comply 
with state and federal guidelines by using EPA approved methods 
of analysis. Guidelines for water testing are regularly published 
and updated by the EPA and are listed in the Code of Federal 
Regulations, Title 40.  Part 136 (see, http://ecfr.gpoaccess.gov/cgi/t/
text/text-idx?c=ecfr&tpl=%2Findex.tpl)

Water Testing Costs

Be aware that water testing is not an easy or inexpensive task. 
Laboratory fees for water quality analysis vary greatly from one 
parameter to another. For example, testing for hardness, TDS, and 
pH may cost about $50. Testing for lead or nitrate may cost about 
$30. Testing for all possible individual pollutants can cost more than 
$2,500 per sample.

Laboratory Test Results

After you receive the analytical results the laboratory will likely 
respond to your telephoned questions.  Most laboratories include 
an explanation of their acronyms included with the final report, 
for example, ‘BDL’ means that if a constituent was present in your 
sample, it was below the laboratory analytical detection limit.  Most 
reports list the analytical detection limit, the MCL, and the result 
of your water analysis.  Results should always be lower than the 
drinking water standards ( primary or secondary MCLs).  If your 
results are not at or below the MCL, your water quality may not be 
suitable to drink.  For example, if secondary MCLs are exceeded 
(example: sulfate above 250 mg/L), one may experience some 
diarrhea. However, if primary MCLs are exceeded (example: arsenic 
above 10 ug/L), the water may be a health hazard.   
You may wish to contact a water quality expert and/or water 
treatment vender to assess which water quality parameters can be 
addressed with treatment options.

Doing Your Own Testing: Water Testing kits

There are numerous types of disposable water testing kits that 
can be readily purchased from companies that market on the 
internet.  Most of these kits rely on color changes in either paper 
strips or liquid solutions to determine an approximate range of 
concentrations in the water sample.  These test-strip methods 
rely on a characteristic color change when a water contaminant is 
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exposed to a specific chemical reagent. Most testing kits provide 
a color scale, which is  used to estimate the level of a contaminant 
based on the color intensity.   These kits provide complete 
instructions and easy to follow steps.  Deviating from them usually 
results in erroneous data. Other kits may only provide a “negative“ 
or “positive result” which is of limited use since you still won’t 
know if the concentration is above the MCL.  Testing kits have 
several limitations when compared to many US-EPA approved 
methods used in certified laboratories, these include:

• High contaminant detection limits (may only detect 
contaminants that exceed drinking water standards). 

• Limited or narrow contaminant detection range. 
• Testing method and/or shortcuts used may not be US-EPA 

approved. 
• Poor or insufficient precision and accuracy. 
• Results may be influenced by the presence of other water 

constituents, such as dissolved iron.
On the other hand, these kits can serve the consumer well when:

• Only kits from reputable companies that offer a certification or 
approval for use from the US-EPA are used. 

• Used for routine verification of water quality in conjunction 
with less frequent tests done by a certified laboratory to verify 
these “home” tests. 

• Needed to save money and time and provide peace of mind, 
but only when used properly and when regularly verified by 
certified laboratories. 

• Used as a means by which to routinely monitor your well and 
to notify you when more accurate testing may be required.

The price of home testing water analysis kits ranges from a few 
dollars to thousands of dollars, depending on the degree of 
precision and accuracy, numbers of tests, and automation that 
the consumer wants.  Since most tests are based on color, results 
may be read directly using color strips, or sophisticated portable 
colorimeters that can cost over a thousand dollars.  This costly 
investment may be worthwhile, depending on the number or 
samples, types of tests and data quality desired by the consumer.
The informed consumer should use kits that are EPA certified for 
water testing with a level of complexity that they are comfortable 
operating.  Examples of independent companies that sell water 
testing kits include Hach®, Lamotte®, EM Quant®, WaterWorks®, 
and resellers like Benmeadows® (no endorsements implied). 
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Water Treatment Alternatives
Today, well owners have access to several water treatment systems 
to help control minerals and contaminants and to disinfect their well 
water. However, choosing a water treatment system is no easy task.  
Depending of the volume of water and degree of contamination, the 
well owner should consider professional assistance in selecting and 
installing well water treatment systems.   The process of selection 
is often confounded by incomplete or misleading information 
about water quality, treatment options, and costs.  The following 
paragraphs outline the major well water treatment options.  Further 
details on types, uses (point of use) and costs of these home water 
treatment systems are provided in the Arizona Know Your Water  
companion booklet, published by the University of Arizona, College 
of Agriculture and Life Sciences (CALS).
Each of the following water treatment options should be carefully 
evaluated when considering water treatment alternatives to reduce 
the levels of mineral (inorganic) and carbon-based (organic) 
contaminants, and disinfect water. These methods are well proven 
and widely accepted by experts and regulatory agencies as being 
efficient for the reduction of contaminants in water.  Use the Filter 
Application Guide (Figure 13) to help determine which system is 
right.

Particle and Microfiltration 

Particle filtration is a process that removes small amounts of 
suspended particles, ranging in size from sand to clay, from water. It 
can be used alone or prior to other water treatment devices installed 
in homes. Home filters are not intended to filter large amounts of 
particles. However, larger filtration systems (usually located near 
the well head or at the home point of entry) are available to remove 
well sediments and particulates, depending on the well water 
quality. Microfiltration may also be used to remove some bacteria 
and large pathogens, like cysts (Giardia and Cryptosporidium). 
Note that microfiltration should not be relied on to disinfect water 
with high concentrations of bacteria and viruses, instead chemical 
disinfection should be used. Other forms of filtration include 
ultrafiltration and reverse osmosis. See Figure 13.

Activated Carbon Filter  

Activated carbon filtration, a form of ultrafiltration, often used 
as a point of use treatment, may be selected to reduce unwanted 
taste, odor, and low concentrations of organic chemicals (such as 
pesticides and solvents) from drinking water. Activated carbon 
will also reduce radon gas and residual chlorine. Larger filters are 
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FILTER APPLICATION GUIDE
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of Water 
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Bacteria
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Beach SandCryptosporidium

Filter
Process
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Microfiltration

Ultrafiltration
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Figure 13.  Filtration Guide (modified from Filtration Application Guide, Water Quality 
Improvement Center).

Figure 14.  Point of Use carbon filter. Insert shows carbon filter material.
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available to treat high volumes of water but these usually require 
professional installation and maintenance. Carbon filters will not 
remove or reduce major inorganic ions (e.g., sodium, calcium, 
chloride, nitrate, and fluoride or metals). However, some carbon 
filters can reduce lead, copper, and mercury. Activated carbon filters 
will not soften the water or disinfect it. If the source water is cloudy, 
a particle filter should be used before the activated carbon filter in 
order to remove particles that may plug or reduce its efficiency.

Reverse Osmosis  

Reverse osmosis (RO) is becoming a common home treatment 
method to reduce total dissolved solids (TDS) in drinking water. 
RO, probably best known for its use in water desalinization projects, 
can also reduce chemicals associated with unwanted color and taste. 
It also may reduce pollutants like arsenic, lead, and many types of 
organic chemicals.
RO treatment is not effective for the removal of dissolved gases 
such as radon, or for some pesticides and volatile organic chemicals 
such as solvents. Consumers should check with the manufacturer to 
determine which contaminants are targeted and what percent of the 
contaminant is removed.
RO is not recommended for sediment (particle) and pathogens. 
Pretreatments such as particle filtration (to remove sediments), 
carbon filtration (to remove volatile organic chemicals), chlorination 
(to disinfect and prevent microbial growth), pH adjustment or 
even water softening (to prevent excessive fouling produced by 
water with excessive hardness) may be necessary for optimum RO 
functioning.

Distillation  

Distillation effectively removes inorganic contaminants 
(suspended matter including minerals and metals) from water. 
Since distilled water has no minerals, some people claim distilled 
water tastes flat or slightly sweet. Distillation kills or removes 
microorganisms, including most pathogens. Distillation can 
also remove organic contaminants, but its efficacy depends on 
the chemical characteristics of the contaminant. Volatile organic 
chemicals (VOCs) like benzene and TCE vaporize along with the 
water and re-contaminate the distilled water if not removed prior to 
distillation. Some distillation units may initially purge some steam 
and volatile chemicals. These units should be properly vented to 
prevent indoor air contamination. Some home distillation units have 
activated carbon filters to remove VOCs during distillation.

4
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Ion Exchange - Water Softening 

Ion exchange units that replace calcium and magnesium ions from 
water are known as water softeners. They may also remove varying 
amounts of other inorganic pollutants such as metals, but they 
will not remove organic chemicals, pathogens, particles, or radon 
gas.  Water softener units work most efficiently with particulate-
free water.  Note that soft water, in particular with elevated sodium 
levels, should not be used to water houseplants, garden vegetables 
or yard plants with low salinity tolerance.  Soft water may not be 
suitable for drinking due to its salty taste and elevated levels of 
sodium or potassium.

Pathogens-Disinfection 

Waterborne contaminants must be either filtered out of the 
water or killed (inactivated) to make the water safe to drink.  The 
methods discussed above are not suitable (except for distillation) 
for this purpose. As a rule, water must be disinfected using 
chemicals (oxidizing agents such sodium or calcium hypochlorite, 
chloramines, chlorine and ozone) or UV radiation. Water 
disinfection will not remove inorganic contaminants from water but 
it may change the chemical species of some of them and is likely 
to form disinfection byproducts that may be of concern (see note 
of caution below).  Chlorination guidelines for domestic wells are 
also discussed below.  See also the Arizona Know your Water booklet 
for a more detailed discussion on water chemical and UV-radiation 
disinfection methods and guidelines.

Equipment for Continuous Chlorination of Domestic Wells 

Continuous chlorination of a domestic water supply can be done 
by various methods: chlorine pump, suction device, aspirator, 
solid feed unit, and batch disinfection. The injection device should 
operate only when water is being pumped, and the water pump 
should shut off if the chlorinator fails or if the chlorine supply 
is depleted. Consult with a professional for equipment selection 
and tank requirements. For example, in a domestic well system, 
the minimum-size holding tank is determined by multiplying the 
capacity of the pump by a factor of 10. Thus, a 5 gallon-per-minute 
(gpm) pump requires a 50 gallon holding tank. Other methods to 
control contact time include the use of pressure tanks and coils. 
Note of caution: Chlorinated well water may contain disinfection 
by-products at levels above the NPDWS that are considered unsafe 
to drink. Well owners that chlorinate the well water should test for 
the presence of excessive levels of these chemicals in their treated 
water.
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Boiling 

Two minutes of vigorous boiling ensures biological safety.  Boiling 
kills all organisms in water (whereas chlorination reduces them to 
safe levels).  But boiling is costly and practical only as an emergency 
measure.  Remember that once boiled, cooled water must be 
protected from re-contamination.

Emergency Disinfection  

The use of household chemicals (such as bleach or iodine) to 
disinfect water without the appropriate equipment or technical 
supervision should only be considered under emergency situations. 
For a list of these chemicals and their safe use, see the EPA website: 
www.epa.gov/OGWDW/faq/emerg.html
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5.  Domestic Private Wells—Well Operation 
and Maintenance

Arizona has stringent permit requirements for the installation of 
new wells, and the construction diagram and geologic log of all 
modern wells in the state are recorded with the Arizona Department 
of Water Resources (ADWR).  The ADWR website—www.azwater.
gov/dwr/—provides a wealth of information for the private 
domestic well owner.  Domestic well owners must also repair 
and maintain their own wells to assure a reliable water supply of 
consistent quality.

Well Construction
For the proper maintenance of domestic wells, it is important 
to have a basic understanding about the different materials that 
comprise a home water supply system based on a domestic well.  
The following sections present some information about well casings, 
well caps, well screens, and pitless adapters; basic materials that 
combine with a pump to provide water for a household. Please refer 
to Figure 15 for the location of these well components.

Figure 15.  Domestic Well Diagram (adapted from ADWR Well Owners Guide 2007).    
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Well Casing  

A modern domestic well has two well casings – the outer casing 
is a tubular structure or large diameter steel pipe that encircles 
the actual well casing, and is used as a surface seal.  The length of 
this surface seal well casing is specified by Arizona Statutes and 
Rules, as regulated by the Arizona Department of Water Resources 
(http://www.azwater.gov/dwr/).  The surface seal casing must be 
a minimum of 20 feet, one foot of which must extend above land 
surface.   The final length of the surface seal casing is dependent on 
the local geology and may extend to a greater depth to seal the well 
from contact with a shallow aquifer.  The intent of the surface seal 
casing is to prevent surface contaminants from entering the well.
An example of a well head surface seal is a concrete apron, sloped 
away from the well casing pipe, to reduce the potential for standing 
water to pool at the well head.  At a minimum, the land surface or 
soils near the well head should slope away from the surface seal 
casing if a concrete apron is not present.
The well casing is placed in a drilled borehole to maintain the well 
opening and contain the drop pipe and electrical wiring to the pump.  
Along with cement grout that seals the upper portion of the well to 
the surface casing, the well casing prevents mixing of multiple aquifer 
zones and may extend to the full depth of the well.  In rock aquifers, 
the well casing may only extend a hundred feet or more through 
broken rock, leaving an open rock borehole as the well.
The most common materials for well casings are carbon steel, plastic 
(PVC is commonly used), and stainless steel.  PVC is lightweight, 
resistant to corrosion, and relatively easy for contractors to install.  
(Note: To minimize exposure to residual solvents, PVC casing 
sections should be joined without glues that contain solvents.)  
Although more expensive, when possible, mechanical couplings or 
threaded pipe fittings are recommended. Steel, although stronger, 
is susceptible to corrosion, can develop scale in hard waters, and is 
more costly.  Some well casings may also be constructed of concrete, 
fiberglass, and asbestos cement.  Older wells may be hand-dug and 
cased with hand-placed bricks or stone.

Caps  

On the top of the surface seal casing, and sometimes on the well 
casing itself, should be a wellhead seal or cap.  Well caps are usually 
aluminum or a thermoplastic, and include a vented screen so 
that the pressure difference between the inside of the well and the 
outside atmospheric pressure may equalize when water is pumped 
from the well.  The cap should fit snugly so debris, insects, or small 
animals cannot find their way into the well system.
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Well Screens and Gravel Packs  

Well screens are filtering devices used to prevent excess sediment 
from entering the well.  Attached to the bottom of the well casing, 
the screens allow water to move though the well while keeping out 
most sand and gravel.  The most common screens are slotted or 
perforated pipe. 
Perforated pipe is a length of casing with holes or slots drilled into 
the pipe. It is not efficient for aquifers that contain fine-grained 
materials because it has wide openings that allow sand to fall 
into the well.  A continuous slot screen is made of wire or plastic 
wrapped around a series of vertical rods, whereas slotted pipe 
features machine-cut slots into steel or plastic at set distances. 
Well screens are manufactured with specified openings and hole 
diameters to match their screen filtering capabilities to the geologic 
conditions.  Well screens are designed to be placed only within 
the saturated portion of the aquifer.  If the groundwater elevation 
drops and air is allowed to enter the well screen, the well may be 
damaged.  
During well design and installation, a gravel pack is typically 
placed in the annular space outside the screen casing yet within the 
drilled borehole.  The gravel pack consists of sand or gravel that 
has been designed with a grain size finer than the adjacent soils or 
unconsolidated aquifer material, yet larger than the screen slot size.  
The gravel pack acts as a filter to prevent sediment from entering 
the well, and also to manage the velocity of the water passing 
through the aquifer and into the well.  High-speed water velocity, 
due to excessive pumping or improperly sized gravel pack, results 
in erosion of the aquifer as sediment is pulled into the well.  Above 
the gravel pack and the well screen, the annular space between 
the well casing and borehole wall is backfilled with grout and/or 
concrete to prevent surface water from draining into the aquifer.
It is common for wells constructed in hard, stable bedrock to remain 
as an open borehole. In these cases, a screen or gravel pack is not 
necessary.  Since groundwater entering an open borehole in a 
bedrock well typically travels through narrow cracks and fissures, 
no  sand pack to filter sediments may be necessary.

Pitless Adapters  

In higher elevations where frost may penetrate the ground, pitless 
adapters provide wells with a sanitary – and frost proof – seal 
between the well casing and the water line running to the well 
system owner’s house.  
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After a frost depth is determined for the area where the well is 
being installed, the adapter is connected to the well casing below 
the frost line.  Water from the well is then diverted horizontally at 
the adapter to prevent it from freezing, and the plumbing continues 
beneath land surface to the well system owner’s house.  

Storage Tank  

Most home-owner water well systems include a pressurized storage 
tank to store water for use during periods of heavy usage. The 
pressure tank is designed to have extra water on reserve so that 
small demands do not require the pump to switch on.  However, 
a tank cannot compensate for demand greater than your pump or 
well capacity.

Well Log / Report
Every modern well in Arizona is required to be registered with 
the Arizona Department of Water Resources (ADWR) and a well 
log must be submitted by the well driller.  This log is available to 
the well owner through the ADWR.  The well log identifies the 
type of geology of the aquifer, the construction materials used to 
construct the well, the well depth, casing length, screen length, the 
presence (or absence) of a gravel pack, depth to groundwater at the 
time of installation, and the capacity of the well at the time of well 
installation.  Every well owner should have a copy of his or her well 
log.  
At the time of construction and pump installation, the licensed 
well driller pumps the well to test the capacity of the well to yield 
water and to remove any fluids (such as chemical drilling muds to 
facilitate drilling) from the aquifer.  This pumping also develops the 
gravel pack around the well, flushing out fine-grain silts and sands 
from the pack to allow water to flow freely into the well.  For an 
exempt domestic well, well pump capacity is restricted to 35 gallons 
per minute (gpm), but some aquifers are not able to yield water at 
that rate.  It is not uncommon for wells constructed in consolidated 
bedrock or finer-grained alluvium to yield 3 to 5 gpm.

How a Well Affects an Aquifer: Cone of Depression
As the well pumps, the groundwater elevation around the well 
drops, typically in the shape of an inverted cone.  This drawdown 
cone is also referred to as the cone of depression and it is the area 
where the groundwater elevation or water table is depressed due 
to pumping, see Figure 15.  In an unconsolidated, porous aquifer 
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setting, the cone of depression forms around the well head in an 
ever expanding circle as more water is pumped from the aquifer.  In 
a consolidated aquifer setting, the cone of depression will follow the 
subterranean fracture systems and may take an unpredictable shape 
as the cone expands outwards to pull more water into the well.  In 
an artesian system, the cone may extend for hundreds of feet. 
Any water and contaminants (if present) within the cone of 
depression around the well are eventually captured and drawn into 
the well and  the water supply system.  If the cone extends out and 
beneath a river or stream, the well will begin pumping river water 
that has been pulled through the riverbed, through the aquifer, and 
into the well.  If the cone extends out and beneath a contaminant 
source, such as a leaky gas station storage tank or a land fill, the 
well will begin to draw the contaminants into the well.  If the cone 
intercepts a neighboring cone of depression from a nearby well, 
the rate at which the groundwater elevation drops may rapidly 
increase, and both wells may run dry faster.  
The rate at which the groundwater elevation rebounds to its 
original or near original level after the pumping stops is important 
to the overall operation of the well.  If water level recovery is slow, 
excessive use over a weekend, for example – may temporarily cause 
the well to go dry.  Pumping from the well should be managed 
to reduce this type of cyclic dewatering, which can cause pump 
overheating and permanent damage.

Water Supply Well System Failure
All well systems are vulnerable to mechanical failure, and that 
failure may contribute to water supply contamination.  Broken 
surface seals, corroded pipe, and standing water that is allowed to 
seep and drain back into the aquifer along the outside of the well 
casing can introduce contaminants into the system.  
Pump or plumbing failure should always be addressed by a licensed 
well professional.
The most common water supply well system failure in Arizona is 
due to dropping groundwater elevations.  If the water table drops 
below the well casing, flow of water becomes turbulent as the 
water mixes with air.  In an uncased, bedrock well, as the water 
table drops and air is introduced into formerly saturated cracks 
and fractures, turbulent flow begins to erode the aquifer.  The first 
sign of system failure (and dropping groundwater elevations) is the 
build-up of sediment in tanks, pipes, and plumbing fixtures.  If the 
well continues to pump gritty sands, the pump itself will grind to a 
stop and will need to be replaced.
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Maintenance Guidelines
Always use an Arizona licensed well driller and pump installer 
when a well is constructed, a pump is installed, or the system is 
serviced. A properly constructed water supply system should 
require little routine maintenance, and these simple steps will help 
protect your system and water quality:

• Be aware of the geology of your aquifer.  Know that a well 
installed in consolidated (fractured) rock is more vulnerable 
to contaminant transport, whereas an unconsolidated aquifer 
retains more water filtering capacity.  In other words, if a 
known contaminant release occurs in your neighborhood, the 
geology of your aquifer may protect your water supply, or may 
make your supply more vulnerable to contamination. 

• Keep hazardous chemicals, such as paint, degreasers, fertilizer, 
pesticides, kerosene, and motor oil away from your well head. 
Do not spill or discard any liquids in your yard. Instead, reuse 
them or take them to a recycling center.

• Periodically check the well cover or well cap to ensure it is in 
good repair.  Do not allow surface water to puddle near your 
well; if necessary construct berms around the well to divert 
surface runoff away from the well head.

• Always maintain separation between your well and buildings, 
septic systems, chemical storage facilities, garages, or car 
maintenance areas.  Your professional contractor will know the 
rules on appropriate distances for new construction.  

• Do not dispose of chemicals in your septic system, and read 
the label of any cleaners or additives advertised for septic 
systems.  De-greasers contain industrial solvents that persist in 
the environment and may seep into the aquifer.  

• Do not allow water to siphon back into your well.  Install 
a back-flow preventer on outdoor hoses.  When mixing 
pesticides, fertilizers, or other chemicals do not put the hose 
inside the tank or container. The best way to prevent backflow 
is to leave an air space between the hose and the contents of 
the container.

• When landscaping, keep the top of the well at least one foot 
above the ground.  Slope the ground away from your well for 
proper drainage.

• Be careful when working or mowing around your well.  A 
damaged casing could jeopardize the sanitary protection of 
your well.  Do not pile landscaping or construction materials 
near your well.  
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• Be aware of changes in your well, the area around your well, or 
the smell, taste, or color of your water.  

• Monitor the sediment accumulation in your toilet tank. If the 
sediment is soft and does not feel gritty if rubbed between your 
fingers, this is not of concern unless you notice a significant 
increase in volume.  If the sediment is gritty, or if you notice 
sand in the tank, contact a licensed well pump installer.  

• If the flow rate slows and you have not observed any sediment, 
scale build-up may be sealing the well screen or blocking 
the sand pack.  A common iron bacteria or slime may also be 
growing on your well screen, causing a biofilm to build up 
(biofouling) that clogs the screen.  A licensed well driller will 
be able to inspect your well with a down-hole video camera 
to diagnose the problem and rehabilitate your well. Typical 
methods to rehabilitate a well include using chemicals to 
dissolve incrusting materials, cleaning the well with a brush 
attached to a drilling rig, high pressure jetting and surging to 
dislodge fine materials and open the gravel pack.  In a bedrock 
aquifer exhibiting reduced flow, the contractor may inject 
water at extreme pressures to induce more fracturing of the 
rock.  

• An annual well maintenance check, including water quality 
testing, is recommended.  The water quality should be checked 
any time there is a change in taste, odor, or appearance, or 
anytime a water supply system (such as pump replacement) is 
serviced. 

• Keep your well records in a safe place: These records include 
the construction report (well log), as well as any water well 
system maintenance and water testing results.  

When your well has come to the end of its serviceable life (usually 
20 to 30 years), have a licensed water well contractor assess your 
system.  You may need to have your well properly decommissioned 
and a new well installed.  If your well is to be abandoned your 
licensed water well contractor will be required to follow specific 
well abandonment procedures and report the change of well status 
to the ADWR. If groundwater elevations have dropped and air is 
entering your system, you may need to have your pump lowered, or 
the existing well deepened.

Shock Chlorination: Proceed with Caution  

Shock chlorination is used to disinfect wells during, or right 
after construction and thereafter as needed to remove microbial 
contaminants from the well casing, holding tanks, and even delivery 
pipes. It is recommended that this procedure be done by qualified 

D
o

m
es

tic
 

P
ri

va
te

 W
el

ls
 

5



51

5

D
o

m
estic 

P
rivate W

ells 
personnel since strong bleaching chemicals must be handled during 
the process.  For guidelines on how to proceed, see the Arizona 
Cooperative Extension Water Facts Number 5 by Hassinger et al., 
(1994) “Shock Chlorination of Domestic Wells,“ available online 
at http://ag.arizona.edu/publications. See also a more detailed 
guide on shock chlorination background and principles (Fact 
Sheet—06-68). 
Note of Caution:   Recent preliminary research done outside 
Arizona suggests that in some instances shock chlorination may 
result in the release of arsenic from aquifer minerals near the 
well screen.  Arsenic trapped in pipe scale deposits may also re-
dissolve when exposed to strong chlorine solutions.  As previously 
mentioned, changes in the water chemistry (for example, raising or 
lowering the water pH) may result in the release of arsenic in the 
water.  The effect has been observed in some aquifers with minerals 
high in arsenic and has prompted the Wisconsin Department of 
Natural Resources to publish a bulletin titled “Well Chlorination 
in Arsenic Sensitive Areas” which cautions about using chlorine 
solutions (WDNR, 2008).   
Well owners that shock chlorinate their wells in regions of Arizona 
known to have arsenic, should follow shock chlorination steps 
carefully. Avoid the use of either acid or alkaline bleach solutions 
(pH 6-7 is best), and do not leave chlorine solutions inside well 
casings for longer times than those prescribed.  Well casings, tanks, 
and pipes should be flushed thoroughly until no residual levels 
of chorine are found.  Well water used for drinking should also be 
tested for arsenic after shock chlorination.

Alternate Sources of Potable Water

Water Providers  

Well owners or potential well owners that can opt to connect to 
a water utility should do so.  Water utilities are highly regulated 
providers of water and must meet National Drinking Water 
Standards.  For this reason they routinely monitor water quality, 
must provide annual water quality reports, and report any water 
quality problems to their customers, as shown on Figure 16 of the 
City of Tucson’s 2006 Annual Water Quality Report. 
Community water utilities charge a monthly water delivery fee, 
which primarily covers the costs of pumping, treatment, and 
delivery – with additional fees charged for CAP water in certain 
parts of Arizona. Presently, water is being delivered at bargain 
prices by many water utilities in Arizona. In Tucson, for example, 
8,000 gallons of water cost about $30 (including sewage treatment 
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costs) or about 0.4 cents/gallon.  However, connection fees for water 
and sewage are significant. For example, in Pima County, new home 
owners must pay water equity fees and sewage connection fees 
around $7,000 per hook-up. 

Bottled Water  

There are numerous types and sources of bottled water. Common 
bottled waters include mineral water (with more than 250 mg/L 
TDS), purified water (which has been treated to reduce TDS levels 
and other contaminants), and sparkling water (which is naturally or 
artificially carbonated), among others. For a more complete list, see 
the National Sanitation Foundation (NSF) website (www.nsf.org) 
Bottled water is regulated as a packaged food product by the Food 
and Drug Administration (FDA) and state governments. Self-
imposed standards on bottled water are also required by members 
of the International Bottled Water Association (IBWA). The US-EPA 
is not directly involved in the regulation of bottled water. However, 
if the bottled water suppliers use water from community water 
systems, the water utility must meet EPA standards. If other water 

Figure 16.  City of Tucson Water 2006 Water Quality Report. Table of Detected 
Contaminants (http://www.ci.tucson.az.us/water)
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sources are used, such as springs and wells, bottled water may 
be filtered, but the levels of minerals and contaminants may vary. 
Also, water disinfection is usually necessary, and packaging is done 
according to FDA food guidelines, as shown in Figure 17.

Large surveys conducted both in the U.S. and worldwide have 
shown that, in general, bottled water is no safer than tap water. 
Concerns about the safety of mineral bottled water has prompted 
the World Health Organization (WHO) to work on the development 
of an international code of bottled water quality that would require 
the disclosure of the source, mineral content, and treatment of all 
bottled water. 

Figure 17.  Bottled water label conforming to USDA requirements and non-US 
bottled water (insert) showing mineral contents.
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One advantage of drinking bottled water is its portability and 
the fact that, unlike tap water, it requires no residual disinfection 
during storage or delivery to the consumer. Therefore, there is no 
unpleasant chlorine taste or smell.  These conveniences come at a 
price since price of a quart of water at a supermarket usually starts 
at $0.50 (local brands) and  $1 to $2 for imports.   Plastic-bottled 
water should be consumed quickly, not stored for months, as these 
containers may degrade over time and contaminate the water with 
plastic residues.
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6.  Glossary

  A
Acidity: The total amount of acid and acid forming substances in 
water. See also pH.

ADEQ: Arizona Department of Environmental Quality. Administers 
all of Arizona’s EPA programs and regulates community water 
systems that have at least 15 service connections or serve 25 people.

ADWR: Arizona Department of Water Resources. Established by 
the Arizona Groundwater Code to administer and enforce the 
Code provisions. Its primary mission is to ensure a long-term water 
supply for Arizona.

Alkalinity: Total amount of bicarbonate and carbonate ions present 
in water reported in mg/L of calcium carbonate. Water alkalinity 
helps protect (buffers) against abrupt pH changes limiting its range 
to between 7.5 and 8.5. Alkalinity and hardness also control pipe 
scale formation. There is no drinking water standard for alkalinity.

Alluvial:  A general term for sedimentary deposits made by streams 
on river beds, flood plains, and alluvial fans, especially a deposit 
in an arid or semiarid region where a stream issues from a canyon 
unto a plain or valley floor.

AMA:  Active Management Area.  Five geographic areas designated 
by the Arizona Groundwater Code as requiring active management 
of groundwater.  Each AMA has a management goal, management 
plan, a groundwater rights system, restrictions on agricultural 
land expansion and other requirements designed to preserve 
groundwater resources. 

Annular Space: Space between well casing and the wall of the 
drilled bore hole. 

Aquifers:  A body of geologic material that is sufficiently permeable 
to conduct groundwater and to yield economically significant 
quantities of water to wells.  

Artesian:  Pertaining to groundwater under sufficient hydrostatic 
pressure to rise above the aquifer containing it.

Atrazine: An s-triazine-ring herbicide that is used globally to stop 
pre- and post-emergence broadleaf and grassy weeds in major 
crops.
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  B

Basalt:   A dark-colored consolidated igneous rock, commonly 
extruded from volcanoes.  
Base flow: The level at which the water in a river is sustained 
by groundwater, not including overland surface water flow 
contribution.

Bedding plane(s): In sedimentary or stratified rocks, the division 
plane that separates each successive layer or bed from the one above 
or below.

Benzene: A volatile organic chemical used as an industrial solvent 
and a major component of gasoline.

Biofilm:  A structured community of microorganisms encapsulated 
within a self -developed matrix and adherent to a living or inert 
surface.

Brine:  Water with a high content of dissolved salts.

  C

Calcite: A very common mineral composed of calcium and 
carbonate ions.

Chloramine chemicals: Chlorine- and ammonia-based chemicals 
used for long-term residual disinfection of potable water. 
Chloramines are very effective at controlling bacterial and algal 
growth in water; however, they are also very toxic to fish.

Confined Aquifer:  An aquifer bounded above and below by 
impermeable beds, or by beds of distinctly lower permeability (such 
as clay) than that of the aquifer itself. 

Coliform bacteria: Routine water testing for coliform bacteria 
is used as an indicator of animal or human fecal contamination. 
Positive results may indicate the presence of pathogens such as 
bacteria, viruses, and parasites (present in surface water only) in the 
water.

Colorimeter(s): Instrument that uses characteristic light absorption 
to measure specific chemicals (concentrations) in water samples.

Consolidated and unconsolidated: Terms to describe geologic 
material.  A consolidated rock has undergone any process whereby 
loose, soft, or liquid earth materials become firm and coherent, 
for example the cooling of lava or the cementation of sand.  An 
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unconsolidated material typically consists of sediment (sand, gravel, 
silts and/or clays) that is loosely arranged or whose particles are not 
cemented together.  

Contact time: In chlorination, the period of time between the 
introduction of chlorine to the water and when the water is safe to 
drink (the time needed to disinfect the water).
Contaminants: Foreign substances (such as chemical, microbe, 
or plant and/or mineral particulate matter) found in water. 
Contaminants may or may not be harmful to human health.

Corrosion: In metal pipelines, corrosion occurs spontaneously by 
the presence of oxygen in water. Pipe corrosion is accelerated by 
corrosive water, high TDS, low (acidic) pH, low alkalinity, and high 
concentrations of chloride and sulfide ions. Iron metal pipes corrode 
the most, followed by zinc (galvanized ion) and copper metal pipes. 
Modern plastic pipes used in home construction do not corrode.

  D

Disinfection by-products: Organic chemicals such as chloroform 
that can form during water disinfection using chlorine-based 
chemicals. Their concentrations are regulated under the NPDWS.

Dolomite: A common mineral composed of calcium, magnesium, 
and carbonate ions. 

Down gradient:  Down stream or down hill.  Groundwater flows 
in the aquifer from a hydrostatic high elevation down gradient to a 
hydrostatic low elevation.

Drawdown:   The lowering of the water level in a well as a result of 
pumping.  It is the difference between the height of the water table 
and that of the water in a pumping well.  

  E

Emerging contaminants:  Newly recognized contaminants 
requiring EPA evaluation.

Endocrine disruptors:  A class of water pollutants that affect the 
human endocrine system. These include pesticides and emerging 
contaminants like pharmaceuticals and surfactants.

Enteric: Of or within the intestine.
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EPA: The U.S. Environmental Protection Agency.

Evaporite:  A sediment deposited from an aqueous solution because 
of evaporation, such as rock salt and various other combinations of 
evaporated material typically containing mineral salts.  

Exempt well:  Within an AMA, a well having a pump with a 
maximum pumping capacity of 35 gallons per minute or less, used 
to withdraw groundwater for non-irrigation purposes. This term 
is also used to describe any well outside an AMA having a pump 
with a maximum pumping capacity of 35 gallons per minute or less. 
These wells are “exempt” because their owners are exempt from 
reporting to authorities how much water they draw.  

 F

Fault(s): A fracture or fracture zone along which there has been 
displacement of the sides relative to one another parallel to the 
facture. 

  G

GPM: Gallons of water per minute (one gallon = 3.8 liters).

Gypsum: Common mineral composed of calcium and sulfate.

Geologic formation(s):  A body of rock strata that consists 
dominantly of one type of geologic material.  For example, the 
Redwall Limestone Formation is a massive consolidated rock 
consisting of limestone and is found in the cliffs of the Grand 
Canyon and as a sedimentary layer in the Colorado Plateau.  

  H

Half-life:  The time period in which half the initial number of atoms 
of a radioactive element disintegrate into atoms of the daughter 
element.  For example, Carbon 14 has a half-life of 5,730 ± 40 years, 
and after that period of time half of the original carbon will have 
disintegrated to nitrogen.

Hardness: The total amount of calcium and magnesium ions found 
in water. Hard water affects detergents by limiting suds formation. 
Scale formation in pipes is accelerated by hard water. Some scale 
formation is desirable to protect pipes from corrosion. Excessive 
scaling clogs pipes and can short the life of home appliances. There 
is no drinking water standard for hardness.
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Hydrogen sulfide: A toxic, rotten egg smelling gas that occurs 
naturally in aquifers and sediments.

  M

Magma:  Natural molten rock materials, generated within the earth 
and capable of intrusion and extrusion, from which igneous rocks 
have been derived through solidification.  

MCL: The maximum contaminant level or maximum concentration 
of a contaminant allowed in drinking water.

mg/L:  Milligrams per liter or part per million (ppm). Most chemical 
drinking water standards are reported in mg/L. 

Microorganisms: Organic carbon based organisms that are not 
visible with the naked eye, including bacteria and viruses.

Minerals: Natural crystalline materials found in rocks (such as 
granite, marble, and sandstone) and soils (such as sand silt and 
clays). Minerals are composed of chemical elements like oxygen, 
silicon, aluminum, iron, and many other elements.

  N

NOM: Natural organic matter (mostly from plant and animal 
tissue decay) present most often in surface water sources and 
contaminated groundwater. Colored water usually has high 
concentrations of NOM.

  O

Organic chemicals or contaminants: Carbon-based compounds, 
including pesticides and oil-derived products (fuels, plastics, and 
solvents). This should not be confused with the popular used of the 
term “organic,” meaning food grown without pesticides.

Overdraft: Groundwater pumping at a rate that exceeds the rate of 
recharge.

  P

Pathogens: Microorganisms that produce diseases. Common 
pathogens regulated in drinking water include bacteria (such 
as Salmonella) and protozoan parasites (such as Giardia and 
Cryptosporidium). Note that water sources are commonly tested 
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for the possible presence of pathogens by measuring total coliform 
bacteria.

pCi/L:   PicoCurie, a measurement of radioactivity.  One picoCurie 
is 3.7x 10-2decays per second.

Perchlorate: Found in rocket fuel and explosives, and has been 
found in both the groundwater and surface water of several states.

Perennial: A stream that flows throughout the year, a permanent 
stream.

Permeability: The capacity of a porous rock, sediment, or soil for 
transmitting a fluid, it is a measure of the relative ease of fluid flow.

pH: Values range from 1-14 units.  Water with a pH of 7 is neutral, 
below 7 is acidic, and above is basic (usually alkaline). Most water 
sources in AZ have a basic pH (7-8.5) due to their natural alkalinity.

Physiographic province: A region of which all parts are similar 
in geologic structure and climate and which has had a unified 
geomorphic history; its physical features differ significantly from 
those of adjacent regions.  

Plastic Residues:  These include plasticizers commonly found in 
plastics to make them more flexible.  Widely use plasticizers like 
phthalates  can now be detected in most surface waters for the 
world.  Breakdown products of these chemicals are commonly 
detected in humans and are a cause of concern in children.

Playa:  A term used in the southwestern U.S. for a dry, barren area 
in the lowest part of an undrained desert basin, underlain by clay, 
silt, or sand, and commonly by soluble salts.  

Plume(s):  A volume of contaminated water that extends down 
gradient from a source of contamination. 

Plutons:  A large body of granitic rock originating from deep within 
the earth. 

POE: Point of entry. A device that treats all or most of the water 
entering the home.

Pollutants: Unwanted contaminants and pathogens of 
anthropogenic origin that can be found in water, soil, and air. 
Pollutants are chemicals and organisms that have been associated 
with adverse environmental and health effects.

Porosity:  Porous geologic material containing voids, pores, 
fractures, or interstices, which may or may not be interconnected.  
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The ratio between the void space and the total volume is the 
porosity (typically stated as a percentage). 

POU: Point of use. Device that treats water at a particular tap 
source.

Precipitation of a mineral: Opposite of dissolution. The mineral 
crystallizes and forms a solid again.

Purified water: A vague and misused term. In general, a type of 
water produced by distillation, deionization, reverse osmosis, or 
other suitable processes.

  R

Radon: A radioactive gas that may be present in groundwater 
sources that come into contact with uranium-rich minerals.

Recharge:  The processes involved in the addition of water to the 
saturated zone of the aquifer, also the amount of water added.  

Reclaimed water: Comes from sewage that is processed using 
physical, biological, and chemical treatments at a sewage treatment 
plant.

Risk assessment: A scientific process that estimates the chances of 
getting a disease from drinking water with a contaminant at a given 
concentration. 

  S

Salinity: A measure of the quantity of dissolved salts (minerals) in 
water.
Saline water: Exceeds 1000mb/L TDS or salts. Moderately saline 
water is referred to as brackish or briny.

Scale: Hard residues that coat the inside of water pipes and 
appliances and is the result of the precipitation of minerals 
composed of calcium and magnesium carbonates. Hot water helps 
form scale.

Sedimentary rock:  A layered rock resulting from the consolidation 
of sediment, such as sandstone or limestone.

Shock-chlorination:  The circulation of strong chlorine-based 
(bleach) solution through the well casing and house plumbing.

Soft water: Contains mostly sodium or potassium ions. Hard water 
can be “softened” by replacing calcium and magnesium for sodium 
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or potassium ions using a water softener system. Water naturally 
low in TDS is also called soft water.

Solubility: Describes the amount of a chemical or mineral that can 
be dissolved in water.

Subsidence: The sinking or downward settling of the land surface 
that can be associated with groundwater pumping. It causes 
damage to roads, buildings, utility infrastructure, and other 
underground infrastructure.

Superfund:  Superfund is the common name for the federal 
environmental law officially known as the Comprehensive 
Environmental Response, Compensation, and Liability Act 
(CERCLA, 42 U.S.C. § 9601-9675), enacted on December 11, 1980.  
The Superfund law paid for toxic waste cleanups at sites where no 
other responsible parties could pay for a cleanup by assessing a tax 
on petroleum and chemical industries. 

  T

Table salt: A mineral composed of sodium and chloride ions.

TCE: The abbreviation for the volatile industrial solvent 
trichloroethylene notorious for industrial groundwater 
contamination.

TDS: Total dissolved solids (minerals, chemicals…) in milligrams 
per liter.

Thermoplastic:  plastic (polymer) material that can be remolded 
with heat such as vinyl, polyethylene, and polypropylene.

Turbidity: A measure of the amount of suspended solids (particles) 
in water.

  V

Vertical Displacement:  In faulting, the vertical component of the 
net movement.  

VOCs: Volatile organic chemicals such as chloroform, TEC, and 
benzene.

Volatile: A characteristic of organic chemicals that have boiling 
points lower than water. These include gasoline products, industrial 
solvents, and water disinfection by-products. Volatile organic 
chemicals are commonly abbreviated as VOCs.
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  W

Well yield:  The maximum pumping rate that can be supplied by a 
well without lowering the water level in the well below the pump 
intake or causing the well to go dry. 

WHO: The World Health Organization.
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WDNR.  2008.  Wisconsin Department of Natural Resources.  www.
uwsp.edu/cnr/gndwater/privatewells/Well%20Chlorination%20
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Yavapai County, Arizona. 2008. http://www.co.yavapai.az.us/

Websites of Interest
Various Agencies

ADEQ: Arizona Department of Environmental Quality. http://www.
adeq.state.az.us/environ/water/index.html

ADHS: Arizona Department of Health Services. http://www.hs.state.
az.us/

ADHS Lab Services: Arizona Department of Health Services, Bureau 
of State Laboratory Services. http://www.azdhs.gov/lab/license/env.
htm

ADWR: Arizona Department of Water Resources. 
http://www.azwater.gov/dwr/default.htm
http://www.azwater.gov/dwr

ADWR Well Owner’s Guide: http://www.water.az.gov/adwr/
Content/Publications/files/well_owners-guide.pdf

University of Arizona Cooperative Extension publications. http://
ag.arizona.edu/publications.
USGS: US Geologic Survey, Arizona water resources. http://az.water.
usgs.gov
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U.S. EPA Water

EPA: Environmental Protection Agency main website. http://www.
epa.gov
EPA: EPA Groundwater and Drinking Water Website. http://www.
epa.gov/safewater

EPA: Private Wells. http://www.epa.gov/safewater/privatewells

EPA: State Certification Offices for Drinking Water Laboratories (see 
Arizona addresses). http://www.epa.gov/safewater/labs/index.html

EPA: List of Household Chemicals and their Safe Use to Disinfect 
Water. http://www.epa.gov/OGWDW/faq/emerg.html

EPA: Frequently Asked Questions. http://www.epa.gov/safewater/
faq/faq.html

Private and Non-Profit Organizations

Home Water Purifiers and Filters: Very good website of a 
company that sells water purification systems. The website 
has detailed information on contaminants, water quality, and 
treatment options, and the information appears to be fairly 
objective. http://www.home-water-purifiers-and-filters.com/

NSF: The National Sanitation Foundation, a “not-for-profit, 
non-governmental organization” that tests and certifies 
consumer products (including water treatment devices) and 
lists common water treatment methods (standards). http://
www.nsf.org

WQA: Water Quality Association. A “not-for profit 
international trade association representing the household, 
commercial, industrial, and small community water treatment 
industry.” http://www.wqa.org
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Appendix A:  National Primary Drinking Water 
Standards.

National Primary Drinking Water Standards 
Contaminant

MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Acrylamide TT8 Nervous system or blood problems; Added to water during 

sewage/wastewater increased
risk of cancer treatment 

zero

OC
Alachlor 0.002 Eye, liver, kidney or spleen problems;

anemia; increased risk of cancer
Runoff from herbicide used on 
row crops

zero

R

Alpha particles 15 picocuries
per Liter 
(pCi/L)

Increased risk of cancer Erosion of natural deposits of 
certain minerals that are 
radioactive and may emit a form 
of radiation known as alpha 
radiation

zero

IOC
Antimony 0.006 Increase in blood cholesterol; decrease in 

blood sugar
Discharge from petroleum 
refineries; fire retardants;
ceramics; electronics; solder

0.006

IOC
Arsenic 0.010 as of 

1/23/06
Skin damage or problems with circulatory
systems, and may have increased risk of 
getting cancer

Erosion of natural deposits; runoff
from orchards, runoff from glass & 
electronics production wastes

0

IOC
Asbestos (fibers >10 
micrometers)

7 million 
fibers per 

Liter (MFL) 

Increased risk of developing benign intestinal
polyps

Decay of asbestos cement in 
water mains; erosion of natural 
deposits

7 MFL 

OC
Atrazine 0.003 Cardiovascular system or reproductive 

problems
Runoff from herbicide used on 
row crops

0.003

IOC
Barium 2 Increase in blood pressure Discharge of drilling wastes;

discharge from metal refineries;
erosion of natural deposits

2

OC
Benzene 0.005 Anemia; decrease in blood platelets;

increased risk of cancer
Discharge from factories;
leaching from gas storage tanks
and landfills

zero

OC
Benzo(a)pyrene (PAHs) 0.0002 Reproductive difficulties; increased risk of 

cancer
Leaching from linings of water 
storage tanks and distribution
lines

zero

IOC

Beryllium 0.004 Intestinal lesions Discharge from metal refineries
and coal-burning factories;
discharge from electrical,
aerospace, and defense
industries

0.004

R

Beta particles and photon 
emitters

4 millirems
per year

Increased risk of cancer Decay of natural and man-made 
deposits of certain minerals that 
are radioactive and may emit 
forms of radiation known as
photons and beta radiation 

zero

DBP
Bromate 0.010 Increased risk of cancer Byproduct of drinking water 

disinfection
zero

IOC

Cadmium 0.005 Kidney damage Corrosion of galvanized pipes;
erosion of natural deposits;
discharge from metal refineries;
runoff from waste batteries and 
paints

0.005

OC
Carbofuran 0.04 Problems with blood, nervous system, or 

reproductive system 
Leaching of soil fumigant used on
rice and alfalfa 

0.04

OC
Carbon tetrachloride 0.005 Liver problems; increased risk of cancer Discharge from chemical plants

and other industrial activities
zero

D
Chloramines (as Cl2) MRDL=4.01 Eye/nose irritation; stomach discomfort,

anemia
Water additive used to control
microbes

MRDLG=41
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Chlordane 0.002 Liver or nervous system problems; increased 

risk of cancer
Residue of banned termiticide zero

D
Chlorine (as Cl2) MRDL=4.01 Eye/nose irritation; stomach discomfort Water additive used to control

microbes
MRDLG=41

D
Chlorine dioxide (as ClO2) MRDL=0.81 Anemia; infants & young children: nervous

system effects
Water additive used to control
microbes

MRDLG=0.81

DBP
Chlorite 1.0 Anemia; infants & young children: nervous

system effects
Byproduct of drinking water 
disinfection

0.8

OC
Chlorobenzene 0.1 Liver or kidney problems Discharge from chemical and 

agricultural chemical factories
0.1

IOC
Chromium (total) 0.1 Allergic dermatitis Discharge from steel and pulp 

mills; erosion of natural deposits
0.1

IOC

Copper TT7;
Action
Level =

1.3

Short term exposure: Gastrointestinal
distress. Long term exposure: Liver or kidney
damage. People with Wilson’s Disease
should consult their personal doctor if the 
amount of copper in their water exceeds the 
action level

Corrosion of household plumbing 
systems; erosion of natural
deposits

1.3

M
Cryptosporidium TT3 Gastrointestinal illness (e.g., diarrhea, 

vomiting, cramps)
Human and animal fecal waste zero

IOC
Cyanide (as free cyanide) 0.2 Nerve damage or thyroid problems Discharge from steel/metal

factories; discharge from plastic
and fertilizer factories

0.2

OC
2,4-D 0.07 Kidney, liver, or adrenal gland problems Runoff from herbicide used on 

row crops
0.07

OC
Dalapon 0.2 Minor kidney changes Runoff from herbicide used on 

rights of way
0.2

OC
1,2-Dibromo-3-chloropropa
ne (DBCP) 

0.0002 Reproductive difficulties; increased risk of 
cancer

Runoff/leaching from soil 
fumigant used on soybeans,
cotton, pineapples, and orchards

zero

OC
o-Dichlorobenzene 0.6 Liver, kidney, or circulatory system problems Discharge from industrial 

chemical factories
0.6

OC
p-Dichlorobenzene 0.075 Anemia; liver, kidney or spleen damage; 

changes in blood 
Discharge from industrial
chemical factories

0.075

OC
1,2-Dichloroethane 0.005 Increased risk of cancer Discharge from industrial

chemical factories
zero

OC
1,1-Dichloroethylene 0.007 Liver problems Discharge from industrial

chemical factories
0.007

OC
cis-1,2-Dichloroethylene 0.07 Liver problems Discharge from industrial

chemical factories
0.07

OC
trans-1,2-Dichloroethylene 0.1 Liver problems Discharge from industrial

chemical factories
0.1

OC
Dichloromethane 0.005 Liver problems; increased risk of cancer Discharge from drug and 

chemical factories
zero

OC
1,2-Dichloropropane 0.005 Increased risk of cancer Discharge from industrial

chemical factories
zero

OC
Di(2-ethylhexyl) adipate 0.4 Weight loss, live problems, or possible

reproductive difficulties
Discharge from chemical
factories

0.4

OC
Di(2-ethylhexyl) phthalate 0.006 Reproductive difficulties; liver problems;

increased risk of cancer
Discharge from rubber and 
chemical factories

zero

OC
Dinoseb 0.007 Reproductive difficulties Runoff from herbicide used on 

soybeans and vegetables
0.007

OC

Dioxin (2,3,7,8-TCDD) 0.00000003 Reproductive difficulties; increased risk of 
cancer

Emissions from waste
incineration and other 
combustion; discharge from 
chemical factories

zero

OC Diquat 0.02 Cataracts Runoff from herbicide use 0.02
OC Endothall 0.1 Stomach and intestinal problems Runoff from herbicide use 0.1

LEGEND

D Dinsinfectant IOC Inorganic Chemical OC Organic Chemical 

DBP Disinfection Byproduct M Microorganism R Radionuclides
2



70

Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC Endrin 0.002 Liver problems Residue of banned insecticide 0.002

OC
Epichlorohydrin TT8 Increased cancer risk, and over a long period

of time, stomach problems
Discharge from industrial
chemical factories; an impurity of 
some water treatment chemicals

zero

OC
Ethylbenzene 0.7 Liver or kidneys problems Discharge from petroleum 

refineries
0.7

OC
Ethylene dibromide 0.00005 Problems with liver, stomach, reproductive

system, or kidneys; increased risk of cancer 
Discharge from petroleum 
refineries

zero

IOC

Fluoride 4.0 Bone disease (pain and tenderness of the 
bones); Children may get mottled teeth 

Water additive which promotes
strong teeth; erosion of natural 
deposits; discharge from fertilizer
and aluminum factories

4.0

M
Giardia lamblia TT3 Gastrointestinal illness (e.g., diarrhea, 

vomiting, cramps)
Human and animal fecal waste zero

OC Glyphosate 0.7 Kidney problems; reproductive difficulties Runoff from herbicide use 0.7

DBP
Haloacetic acids (HAA5) 0.060 Increased risk of cancer Byproduct of drinking water 

disinfection
n/a6

OC Heptachlor 0.0004 Liver damage; increased risk of cancer Residue of banned termiticide zero
OC Heptachlor epoxide 0.0002 Liver damage; increased risk of cancer Breakdown of heptachlor zero

M

Heterotrophic plate count
(HPC)

TT3 HPC has no health effects; it is an analytic
method used to measure the variety of 
bacteria that are common in water. The lower
the concentration of bacteria in drinking
water, the better maintained the water 
system is.

HPC measures a range of 
bacteria that are naturally present
in the environment

n/a

OC
Hexachlorobenzene 0.001 Liver or kidney problems; reproductive

difficulties; increased risk of cancer
Discharge from metal refineries
and agricultural chemical
factories

zero

OC
Hexachlorocyclopentadien
e

0.05 Kidney or stomach problems Discharge from chemical
factories

0.05

IOC

Lead TT7;
Action
Level = 
0.015

Infants and children: Delays in physical or 
mental development; children could show
slight deficits in attention span and learning 
abilities; Adults: Kidney problems; high blood 
pressure

Corrosion of household plumbing 
systems; erosion of natural
deposits

zero

M
Legionella TT3 Legionnaire’s Disease, a type of pneumonia Found naturally in water; 

multiplies in heating systems 
zero

OC
Lindane 0.0002 Liver or kidney problems Runoff/leaching from insecticide

used on cattle, lumber, gardens
0.0002

IOC

Mercury (inorganic) 0.002 Kidney damage Erosion of natural deposits;
discharge from refineries and 
factories; runoff from landfills and 
croplands

0.002

OC
Methoxychlor 0.04 Reproductive difficulties Runoff/leaching from insecticide 

used on fruits, vegetables, alfalfa,
livestock

0.04

IOC

Nitrate (measured as
Nitrogen)

10 Infants below the age of six months who drink
water containing nitrate in excess of the MCL
could become seriously ill and, if untreated, 
may die. Symptoms include shortness of 
breath and blue-baby syndrome.

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural 
deposits

10

IOC

Nitrite (measured as
Nitrogen)

1 Infants below the age of six months who drink
water containing nitrite in excess of the MCL 
could become seriously ill and, if untreated, 
may die. Symptoms include shortness of 
breath and blue-baby syndrome.

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural 
deposits

1
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Oxamyl (Vydate) 0.2 Slight nervous system effects Runoff/leaching from insecticide 

used on apples, potatoes, and 
tomatoes

0.2

OC
Pentachlorophenol 0.001 Liver or kidney problems; increased cancer

risk
Discharge from wood preserving
factories

zero

OC Picloram 0.5 Liver problems Herbicide runoff 0.5

OC

Polychlorinated biphenyls
(PCBs)

0.0005 Skin changes; thymus gland problems;
immune deficiencies; reproductive or 
nervous system difficulties; increased risk of
cancer

Runoff from landfills; discharge of
waste chemicals

zero

R
Radium 226 and Radium 
228 (combined)

5 pCi/L Increased risk of cancer Erosion of natural deposits zero

IOC
Selenium 0.05 Hair or fingernail loss; numbness in fingers or

toes; circulatory problems
Discharge from petroleum 
refineries; erosion of natural 
deposits; discharge from mines

0.05

OC Simazine 0.004 Problems with blood Herbicide runoff 0.004

OC
Styrene 0.1 Liver, kidney, or circulatory system problems Discharge from rubber and plastic 

factories; leaching from landfills
0.1

OC
Tetrachloroethylene 0.005 Liver problems; increased risk of cancer Discharge from factories and dry

cleaners
zero

IOC
Thallium 0.002 Hair loss; changes in blood; kidney, intestine,

or liver problems
Leaching from ore-processing
sites; discharge from electronics,
glass, and drug factories

0.0005

OC
Toluene 1 Nervous system, kidney, or liver problems Discharge from petroleum 

factories
1

M

Total Coliforms (including
fecal coliform and E. coli)

5.0%4 Not a health threat in itself; it is used to 
indicate whether other potentially harmful 
bacteria may be present5

Coliforms are naturally present in 
the environment as well as feces;
fecal coliforms and E. coli only
come from human and animal 
fecal waste.

zero

DBP

Total Trihalomethanes
(TTHMs)

0.10
0.080
after

12/31/03

Liver, kidney or central nervous system 
problems; increased risk of cancer

Byproduct of drinking water 
disinfection

n/a6

OC
Toxaphene 0.003 Kidney, liver, or thyroid problems; increased

risk of cancer
Runoff/leaching from insecticide 
used on cotton and cattle

zero

OC 2,4,5-TP (Silvex) 0.05 Liver problems Residue of banned herbicide 0.05

OC
1,2,4-Trichlorobenzene 0.07 Changes in adrenal glands Discharge from textile finishing

factories
0.07

OC
1,1,1-Trichloroethane 0.2 Liver, nervous system, or circulatory 

problems
Discharge from metal degreasing
sites and other factories

0.20

OC
1,1,2-Trichloroethane 0.005 Liver, kidney, or immune system problems Discharge from industrial 

chemical factories
0.003

OC
Trichloroethylene 0.005 Liver problems; increased risk of cancer Discharge from metal degreasing

sites and other factories
zero

M

Turbidity TT3 Turbidity is a measure of the cloudiness of 
water. It is used to indicate water quality and 
filtration effectiveness (e.g., whether 
disease-causing organisms are present).
Higher turbidity levels are often associated
with higher levels of disease-causing
micro-organisms such as viruses, parasites
and some bacteria. These organisms can
cause symptoms such as nausea, cramps,
diarrhea, and associated headaches.

Soil runoff n/a

R
Uranium 30 ug/L

as of 
12/08/03

Increased risk of cancer, kidney toxicity Erosion of natural deposits zero
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Vinyl chloride 0.002 Increased risk of cancer Leaching from PVC pipes;

discharge from plastic factories
zero

M
Viruses (enteric) TT3 Gastrointestinal illness (e.g., diarrhea, 

vomiting, cramps)
Human and animal fecal waste zero

OC
Xylenes (total) 10 Nervous system damage Discharge from petroleum 

factories; discharge from 
chemical factories

10

NOTES
1 Definitions

• Maximum Contaminant Level Goal (MCLG)—The level of a contaminant in drinking water below which there is no known or expected risk to health. MCLGs allow for a margin of safety and are non-enforceable public health goals.

• Maximum Contaminant Level (MCL)—The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to MCLGs as feasible using the best available treatment technology and taking cost into
consideration. MCLs are enforceable standards.

• Maximum Residual Disinfectant Level Goal (MRDLG)—The level of a drinking water disinfectant below which there is no known or expected risk to health. MRDLGs do not reflect the benefits of the use of disinfectants to control
microbial contaminants.

• Maximum Residual Disinfectant Level (MRDL)—The highest level of a disinfectant allowed in drinking water. There is convincing evidence that addition of a disinfectant is necessary for control of microbial contaminants.

• Treatment Technique (TT)—A required process intended to reduce the level of a contaminant in drinking water.

2 Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are equivalent to parts per million (ppm).

3 EPA’s surface water treatment rules require systems using surface water or ground water under the direct influence of surface water to (1) disinfect their water, and (2) filter their water or meet criteria for avoiding filtration so that the
following contaminants are controlled at the following levels:

• Cryptosporidium (as of 1/1/02 for systems serving >10,000 and 1/14/05 for systems serving <10,000) 99% removal. 

• Giardia lamblia: 99.9% removal/inactivation

• Viruses: 99.99% removal/inactivation

• Legionella: No limit, but EPA believes that if Giardia and viruses are removed/inactivated, Legionella will also be controlled.

• Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric turbidity units (NTU); systems that filter must ensure that the turbidity go no higher than 1 NTU (0.5 NTU for conventional or direct filtration) in
at least 95% of the daily samples in any month. As of January 1, 2002, for systems servicing >10,000, and January 14, 2005, for systems servicing <10,000, turbidity may never exceed 1 NTU, and must not exceed 0.3 NTU in
95% of daily samples in any month.

• HPC: No more than 500 bacterial colonies per milliliter 

• Long Term 1 Enhanced Surface Water Treatment (Effective Date: January 14, 2005); Surface water systems or (GWUDI) systems serving fewer than 10,000 people must comply with the applicable Long Term 1 Enhanced
Surface Water Treatment Rule provisions (e.g. turbidity standards, individual filter monitoring, Cryptosporidium removal requirements, updated watershed control requirements for unfiltered systems). 

• Filter Backwash Recycling: The Filter Backwash Recycling Rule requires systems that recycle to return specific recycle flows through all processes of the system’s existing conventional or direct filtration system or at an alternate
location approved by the state. 

4 No more than 5.0% samples total coliform-positive in a month. (For water systems that collect fewer than 40 routine samples per month, no more than one sample can be total coliform-positive per month.) Every sample that has total
coliform must be analyzed for either fecal coliforms or E. coli if two consecutive TC-positive samples, and one is also positive for E. coli fecal coliforms, system has an acute MCL violation.

5 Fecal coliform and E. coli are bacteria whose presence indicates that the water may be contaminated with human or animal wastes. Disease-causing microbes (pathogens) in these wastes can cause diarrhea, cramps, nausea,
headaches, or other symptoms. These pathogens may pose a special health risk for infants, young children, and people with severely compromised immune systems. 

6 Although there is no collective MCLG for this contaminant group, there are individual MCLGs for some of the individual contaminants:

• Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.3 mg/L)

• Trihalomethanes: bromodichloromethane (zero); bromoform (zero); dibromochloromethane (0.06 mg/L)

7 Lead and copper are regulated by a Treatment Technique that requires systems to control the corrosiveness of their water. If more than 10% of tap water samples exceed the action level, water systems must take additional steps. 
For copper, the action level is 1.3 mg/L, and for lead is 0.015 mg/L.

8 Each water system must certify, in writing, to the state (using third-party or manufacturers certification) that when it uses acrylamide and/or epichlorohydrin to treat water, the combination (or product) of dose and monomer level does
not exceed the levels specified, as follows: Acrylamide = 0.05% dosed at 1 mg/L (or equivalent); Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent).
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Appendix B:  Water Problems: Symptoms, Tests, and 
Possible Sources 

(* indicates a common Arizona water quality issue) 

Symptom Cause Treatment devices

Visual 
(Water appearance)

Cloudiness of 
water with a 
yellow, brown 
or black cast 
that clears after 
standing 24 hours

*Turbidity Flocculation and 
sedimentation 
or particle and 
microfiltration (POE)

Transparent 
yellow-brown 
tint to water that 
doesn’t clear after 
standing 24 hours

*High levels of 
natural organic 
matter (NOM), 
usually in surface 
water

Activated carbon 
filtration or chlorination 
followed by activated 
carbon filtration
Water utilities use 
flocculation to remove 
NOM.

Brown-orange 
stains or reddish 
slime or tint to 
water

Presence of 
dissolved iron and 
iron bacteria

Low amounts: reduce 
with particle filter 
or during reverse 
osmosis or distillation 
treatments (POE or 
POU)
High amounts: 
remove by potassium 
permanganate-
regenerated oxidizing 
filter and particle filter 
(POE)
Very high amounts: 
remove by chlorination 
followed by particle 
filter (POE)
Consider well and 
distribution/storage 
shock chlorination to 
kill iron bacteria.

Brownish color or 
rusty sediment

Suspended iron 
and manganese 
particles

Particle filter (POE)
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Visual
(Staining and 
deposits)

Blackened or 
tarnished metal 
utensils and pipes

High chloride and 
sulfate levels

Reverse osmosis unit 
(POE) or distillation 
unit (POU)

Blackened or 
tarnished metal 
utensils and pipes

High water 
acidity and high 
hydrogen sulfide

Acid-neutralizing filters 
(calcite or calcite/
magnesium oxide) 
(POE) or addition of 
alkaline chemicals 
such as lime

Stains in showers, 
toilet bowls, and 
faucet ends

*Hardness Water softener (POE 
or POU)

Excessive staining 
in showers 
and aluminum 
cookware

*Salinity Reverse osmosis 
unit or distillation unit 
(POU)

Green water 
stains

Acidity Acid neutralizing filters 
(POE) or addition of 
alkaline chemicals 
such as lime

Soap deposits 
or excessive 
scaly deposits 
in plumbing and 
appliances

*Hardness Water softener or 
reverse osmosis or 
distillation (POE or 
POU)

Excessive salt 
deposits

Alkalinity (high pH 
and sodium)

Reverse osmosis or 
distillation systems 
(POE)
Consider acid 
neutralization of 
excessive alkalinity

Other visual Houseplants 
stunted or with 
burned leaf tips

*Salinity Reverse osmosis 
unit or distillation unit 
(POU)

Taste Taste of chlorine, 
gasoline, or oil

VOCs, including 
residual chlo-
rine, disinfection 
byproducts, 
pesticides, or fuel 
(gasoline, diesel, 
oil products)

Activated charcoal 
filter or aeration (POE)
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Metallic taste Acidity Acid neutralizing filters 
(POE) or addition of 
alkaline chemicals 
such as lime

Salty or bitter 
taste

*High total dis-
solved solids, so-
dium, sulfates, or 
nitrates (salinity)

Reverse osmosis or 
distillation (POU)

Smell Chlorine-like smell *VOCs, including 
residual chlo-
rine, disinfection 
byproducts, pes-
ticides, gasoline 
products

Activated charcoal 
filter or aeration (POU)

Gasoline-like 
smell

Gasoline, diesel, 
oil products

Activated charcoal 
filter or aeration (POU)

Earthy, musty, or 
chemical smell

Algae products 
(geos-min and 
MIB)

Activated charcoal 
filter (POU)

Rotten egg odor Excessive acidity, 
lack of oxygen in 
water source, or 
contamination by 
hydrogen sulfide 
gas (occurs natu-
rally in aquifers 
and sediments)

Oxidation of water dur-
ing aeration (POE) 
or chlorination and a 
particle filter (POE) 
or oxidizing filter 
(POE) followed by an 
activated carbon filter
Acidity control may 
also be needed.

Illness Gastrointestinal 
problems such 
as diarrhea and 
vomiting

Pathogens Remove source 
of contamination. 
Reduce pathogens 
through chlorina-
tion, UV radiation, 
or ozonation (POE). 
Chloramine chemi-
cals may be used 
after chlorination is 
completed in order 
to maintain accept-
able chlorine residual 
levels.
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Appliance/
hardware 
problems

Early appliance 
failure

*Hardness Water softener (POE 
or POU)

Poor evaporative 
cooler perfor-
mance

Build-up of scale 
on pads (high 
hardness, high 
salinity)

Use bleed-off 
mechanism to prevent 
build-up of salts 
and minerals (more 
information on Water 
Conservation website

Blackened/tar-
nished metal uten-
sils and pipes

High chloride 
levels

Reverse osmosis 
unit or distillation unit 
(POU)

Blackened/tar-
nished metal uten-
sils and pipes

High water acidity 
and high hydro-
gen sulfide

Acid-neutralizing filters 
(POE) or addition of 
alkaline chemicals 
such as lime
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Map of Arizona. Source: Arizona Water Map Poster, 2002, Water Resources Research 
Center, CALS, University of Arizona. Contact the WRRC to purchase a full size version.
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This booklet is intended for Arizona residents who wish to become familiar 
with water-related issues in Arizona. Topics include: 

• A short review of the history and sources of water in Arizona. 

• An overview of the nature of water, the water cycle, water quality 
concepts, and a glossary of universal terms, including an overview 
of common minerals and contaminants found in Arizona water 
sources.

• A description of drinking water regulations, including National 
Primary and Secondary Drinking Water Standards.

• A detailed discussion of accepted home water treatment technologies 
and home water treatment selection guidelines, based on water 
quality and user preferences.

• Downloadable versions of this booklet can be found on the water 
sustainability web site www.uawater.arizona.edu/pubs/pubs.html 
in Adobe Acrobat Reader (PDF) format. A link is also provided to a 
user-friendly edited version of the Home Water Testing Chapter to 
help determine appropriate water treatment options for home use.
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Our day-to-day existence depends on having access to fresh 
water. We are accustomed to potable water on demand. However, 
Arizonans, like other U.S. residents, also use large quantities of 

fresh water to produce food and 
goods. 

The environment, the water 
cycle and human activities 
determine water quality. 
Modern water treatment 
and delivery systems allow 
communities to control the 
levels of contaminants in water. 
In Arizona, wells and canals 
also provide and deliver fresh 
water to areas naturally water 
deficient (arid). 

Public water systems are highly 
regulated providers of drinking 
water. Despite evolving federal 
water quality standards and 
public right-to-know laws, sales 

of bottled water continue to grow. Consumers often cite such issues 
as health, water quality, and convenience as justifications for using 
bottled water, even though bottled water is often higher in price 
than gasoline. Packaged drinking water is perceived to be of higher 
quality than tap water; however, it may not always be safer than tap 
water.

Today, homeowners have access to a variety of home water 
treatment systems to help control mineral levels and unwanted 
contaminants in their tap water. Nearly half of the homes in the 
U.S. have some type of water treatment device. Mistrust of public 
water utilities, uncertainty over water quality standards, concerns 
regarding general health issues and limited understanding about 
home water treatment systems have all played a role in this 
increasing demand for home systems. However, choosing a home 
water system is difficult and complex, and the process is often 
confounded by incomplete or misleading information about water 
quality, treatment options, and costs. 

Water Use Facts: Arizonans 
use about 130 gallons (~500 li-
ters) of potable water per person 
per day. Each adult drinks about 
_ gallon (~2 liters) of potable wa-
ter per day and uses about 1 gal-
lon (~4 liters) for cooking. Thus, 
most of the water delivered to 
homes is used for waste dispos-
al (toilets), washing (showers, 
sinks, and laundry) and irrigation 
(landscape). In addition, each 
day in the U.S. about 1,400 gal-
lons (~5300 liters) of fresh water 
are needed to grow one person’s 
food supply, produce electric 
power, and support industrial 
production.  
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Private well owners also need to provide safe drinking water for 
their families and have to make decisions as to how to treat their 
own water sources in order to meet this need. However, information 
about their water sources is often limited or difficult to obtain. 

With all these concerns and choices, consumers should be aware 
of the water sources in Arizona and be familiar with the quality 
of their water. Consumers should be aware of what minerals, 
contaminants, chemicals, organisms, pollutants and pathogens are 
or may be present in their water sources, and what amounts are or 
are not acceptable. Consumer decisions on home water treatment 
options should be based on sound water quality information, 
accepted drinking water standards, and realistic expectations about 
the cost and performance of home systems. 

We Are Not Alone: Land animals, plants, and other living organisms 
also need fresh water to thrive. We also know that surface water and 
groundwater sources are often connected and interdependent. Therefore, 
groundwater overdraft often diminishes surface water resources with 
negative impacts to the surrounding environment.  

Modern wastewater treatment facilities control the amounts of contaminants 
that we discharge into the environment. But residual pollutants that can 
adversely affect our environment cannot be completely removed from 
reclaimed water. Therefore, fresh water cannot be regenerated without 
huge economic costs.

What we do at home, at work and outdoors to support our existence as 
well as the demands we place on Arizona’s limited and diminishing water 
resources all have a direct influence on our environment. Therefore, we 
must achieve a sustainable water use that includes the needs of Arizona’s 
unique ecosystem, if we want to preserve it for future generations.
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Santa Cruz River with dead cottonwood trees due to excessive groundwater overdraft, 
Tucson AZ.
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Sabino Canyon with flowing water and healthy stand of cottonwood trees, Tucson, AZ. 
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1.1  History of Water Use in Arizona

Arizona is an arid state where 
rainfall is highly variable from 
year to year and region to region, 
ranging from 2 inches per year 
in the western deserts to about 
25 inches per year of rain and 
snow in the mountainous regions. 
Precipitation in the region has been measured since 1896. Historic 
precipitation patterns show a continuum of wet and dry periods 
over the last century with extended drought in the late 1890’s to early 
1900’s; the late 1940’s to the 1950’s; and the late 1990’s to the present.

Early History

The search for an adequate water supply has always been a struggle 
in the desert southwest. The history of water use in Arizona is best 
defined as the management of water supplies through both wet and 
dry periods. There is evidence of human control over water resources 
that dates back to three thousand years ago. The remains of the 
world’s most extensive gravity-based canal system – constructed 
by the Hohokam people – can still be seen today along the Gila 
River, and in the Salt River and Santa Cruz Valleys (see next page). 
These complex systems provided water for established Hohokam 
communities and their agricultural production until the Hohokam’s 
mysterious disappearance (around A.D. 1450).

Water Facts. Tucson averages 
about 11 inches of rainfall per 
year, Phoenix 7.5 inches, Yuma 
3 inches, and Flagstaff 22 inches 
per year.

Arizona statewide precipitation, 1896-2005, showing extended periods of 
drought in shaded areas. The horizontal red line shows the state average 
precipitation of 12.5 inches. Source: CLIMAS (Climate Assessment for the 
Southwest) University of Arizona.

1
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A few Indian settlements, dependent on irrigation, continued in 
Southern Arizona. The Spaniards who arrived in the late 1600s 
already were familiar with irrigation technology, which they had 
adopted from the Moorish presence in Spain prior to 1500. Wells 
were dug, more dams and ditches were constructed, and more 
land went into agricultural production. At the time, Tucson was the 
northern edge of the Spanish settlements. Conflict with the Indian 
population and the Mexican War for Independence slowed down 
further growth and expansion in the area. 

Nineteenth and Twentieth Centuries

In 1825, American explorers, trappers and settlers began to come 
into the territory. Settlers in the Salt River Valley reused the 
Hohokam canals until major diversion projects began in the early 
1900s. A prolonged drought in the late 1800s increased pressure 
on the U.S. government to develop major water storage projects to 
provide stable water supplies for economic growth, particularly in 
agriculture and mining. Major reservoir systems were developed 
throughout the state on the Salt, Verde, Gila and Agua Fria rivers, 
in addition to the reservoirs on the Colorado River. By the middle 
of the twentieth century, almost all natural surface water in Arizona 
had been developed. 
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Hohokam canals. Source: Southwest Parks and Monuments 
Association
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Further south in the Tucson area, rivers dried up as windmills, 
steam-powered pumps and deeper wells accelerated groundwater 
pumping to such an extent that, by the early 1900s, local rivers no 
longer flowed.

Colorado River Compact: 
During the early 1900s, the 
seven states of the Colorado 
River Basin negotiated for shares 
of Colorado River water. The 
Compact of 1922 divided the 
Colorado River between the 
lower basin states of Arizona, 
California, and Nevada, and the 
upper basin states of New Mexico, Wyoming, Colorado and Utah 
– apportioning 7.5 million acre feet to each basin.

Today, in the lower basin, Arizona has rights to 2.8 million acre feet 
of Colorado River water per year, California is entitled to 4.4 million 
acre feet per year, and Nevada has an annual allocation of 325,851 
acre feet. One acre-foot is the approximate amount used by a family 
of four in one year.

Water demand increased through the 1940s and required stable 
supplies of water particularly in Tucson which, by now, was entirely 
dependent on groundwater supplies. 
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Roosevelt Dam, completed in 1911. Source: Central Arizona Project

Water Facts: The Colorado River 
Compact water allocations were 
decided at a time of above aver-
age rainfall. Arizona was the last 
state to approve the Compact in 
1944.  

1
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Central Arizona Project (CAP): 
Construction of the Colorado River 
Project canal to bring water to southern 
Arizona started in 1968 and was 
completed just south of Tucson in 1993. 
Delivery of Colorado River water was 
a major initiative to provide water to 
central Arizona. Originally designated 

for agriculture, by the time of its completion, the water was needed to 
augment urban supplies for a growing population more than it was needed 
for agriculture and industry.

Water Facts: After 22 years of 
lobbying, the Central Arizona 
Project (CAP) was approved by 
the federal government in 1968. 
It is one of the most significant 
milestones in Arizona water his-
tory.
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CAP zig-zag canal. Source CAP
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The CAP, estimated to have cost over $4 billion, lifts water 2,900 feet 
through fourteen pumping plants for delivery up to 334 miles from 
the Colorado River.

Arizona Groundwater 
Management Act: Throughout 
the last century, groundwater 
continued to be withdrawn 
faster than it was being 
replenished, which created a 
condition called overdraft in the 
growing urban areas. Overdraft 
causes shortages of supplies, 
increases costs for drilling 
wells and pumping water, land 
subsidence, and reduces water quality. Overdraft also has caused 
the disappearance of 90% of all riparian habitats in Arizona. In 1980, 
the Arizona Groundwater Management Act was passed and the 
Arizona Department of Water Resources (ADWR) was formed. The 
act and state agency were designed to manage water resources more 
effectively to ensure supplies for the future. 

Arizona Environmental Quality 
Act: In the 1980s, contamination 
was found in multiple 
groundwater sources. The public 
became concerned about possible 
contamination and its effect on 
quality of life. A number of wells 
were shut down in the metro-
Phoenix and Tucson areas. By 
1986, the Arizona Department of 
Environmental Quality (ADEQ) 
was formed under the Arizona 
Environmental Quality Act to 
establish a comprehensive groundwater protection program and 
administer all of Arizona’s environmental protection programs. 

Safe Drinking Water Act

In 1974, the U.S. Congress passed The Safe Drinking Water Act that 
sets maximum contaminant level (MCL) standards for drinking 
water. Amendments to this act have since been passed that have 
imposed more stringent standards on drinking water quality. An 
example is the new arsenic rule, which has a significant impact 
in Arizona as groundwater frequently contains arsenic due to the 
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Water Facts: In Arizona, the 
ADWR has established five Ac-
tive Management Areas (AMAs) 
to manage and balance the avail-
ability of groundwater resources 
until the year 2025. These areas 
include Phoenix and Tucson 
(see ADWR website link).

Water Facts: The ADEQ pro-
vides state administration of 
federal programs and assures 
state compliance with federal 
EPA programs. State programs 
for which federal legislative or 
regulatory mandates exist must 
meet minimum EPA standards. 
ADEQ regulates public water 
systems that have at least 15 
service connections or serve 25 
people.

1
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local geologic formations through which the water flows. All 
water providers have to meet these new standards and the 
associated cost of the technology needed to reduce the levels 
of arsenic in their water sources.
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1.2 Sources of Water

Groundwater is considered a 
non-renewable source of fresh 
water since pumping exceeds 
recharge in most aquifers 
used as sources of fresh water. 
Surface sources of fresh water, 
such as lakes and rivers, are 
considered renewable. It is 
generally agreed that the total 
amount of water that circulates 
annually from the earth’s surface 
to the atmosphere and back 
down to the earth has remained 
fairly constant in recent times. 
Therefore, on average, rivers 
and lakes produce the same 
amount of fresh water now as 
they did 100 years ago. However, 
the population of the world has 
increased more than six-fold in 
the last 100 years, adding demands on fresh water resources.

Water Facts: Water covers 
about 70% of the world’s sur-
face, and all life forms, including 
humans, depend on it for their 
basic survival. However, about 
97% of the world’s water is in the 
oceans and is considered high-
ly saline. Ice located near the 
earth’s poles, accounts for about 
2% of the earth’s water. About 
0.6% of the world’s water is 
fresh water stored below ground 
(groundwater), often thousands 
or millions of years ago. The at-
mosphere and the soil environ-
ment account for about 0.06% of 
the world’s water. About 0.01% 
of the world’s water is found in 
lakes, rivers, and streams. 

FOREST

CROP

P UMP
(IRRIGATION)

GROUNDWATER
WATER P LUS
 MINE RALS

BED ROCK

RIVER

SNOW

P URE
 WATER

RAIN
FALL

RUN OFF
WATER

SE EPAGE

HEAT

EVAP ORATION

TRANS P ORTCONDENS ATIONCLOUDS

The Water Cycle
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Arizona Water Sources
Much of the growth in arid areas like the southwest United States is 
sustained by the use of non-renewable groundwater and renewable 
river-fed reservoirs. Presently, about 41% of Arizona’s water needs 
come from in-state groundwater sources. Arizona also has an 
under-utilized annual allocation of 2.8 million acres of Colorado 
River water (see Section 1.1). CAP water accounts for about 15% of 
the state’s water use. In-state surface water sources (Arizona rivers 
and lakes, excluding the Colorado River) provide about 20% of the 
state’s annual water use and reclaimed water is 3%. Agriculture 
remains the primary user of water resources in Arizona.

25%

7%

68%

Colorado River
CAP

In-State Rivers
Groundwater

Reclaimed Water

20%

15%

21%

41%3%

Municipal
Industrial
Agriculture

Sources

Uses
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Arizona Water Sources and Uses. Source: Arizona Water Map Poster, 2002, Water 
Resources Research Center, CALS, University of Arizona.

1
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Local Water Sources
Phoenix and its surrounding cities – Chandler, Mesa, Tempe, 
Glendale, Scottsdale and Peoria – have diverse sources of renewable 
fresh water. These include several major surface water streams: the 
Salt, Gila, Verde, and Agua Fria rivers and, more recently, the CAP 
canal. Dams located on these rivers, which flow from the mountains 
north and east of Phoenix, form reservoirs that provide a steady 
supply of renewable water. However, it is unlikely that any of these 
surface water resources will increase in the near future. Phoenix and 
its surrounding communities also supplement their water needs 
by pumping from several large aquifers. But significant portions of 
the groundwater along the Salt and Gila rivers are high in salinity 
(> 3000 mg/L Total Dissolved Solids (TDS)). The city of Phoenix, 
which delivers potable water to 1.3 million persons, reported the 
use of only 8% groundwater in 2002.
Tucson has no surface water (streams) supplies. These sources 
were quickly depleted during the first part of the twentieth century, 
mostly by local groundwater pumping. Since then, growth has 
been sustained by the use of groundwater. It is estimated that 
about 15% of the water that is pumped out of the local aquifers is 
replaced annually by natural recharge. Thus, in less than fifty years,  
groundwater levels have dropped in the Tucson basin (center) by 
more than 200 feet (~60 meters). No one knows the exact amount 
of water available in the Tucson basin aquifers. However, we know 
that once water is removed, most of it is not replenished. Also, 
water pumping costs and mineral content (TDS) increase with 
aquifer depth. The recent arrival of CAP water (see Section 1.1) 
has slowed down the groundwater pumping in the Tucson basin. 
Although CAP water is a renewable resource of water, its amount is 
not expected to increase in the near future.
Yuma obtains drinking water for its 100,000 residents from the 
Colorado River. Groundwater, while available, is only used in 
emergencies. Most of the water drawn from the Colorado River in 
Yuma is used in agriculture. 
Flagstaff has diverse but limited sources of water. The primary 
sources are Lake Mary (located to the southwest) and the inner 
basin wells and springs (located to the north). However, both 
sources are fed by snowmelt, which can vary greatly year-to-year. 
Groundwater is also available but it is deep (1000–2000 feet) and, 
consequently, expensive to obtain. 

1
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Water Reuse
About 40% of water delivered 
to homes is treated in 
wastewater treatment plants 
and can be used for irrigation 
or to recharge aquifers. But, 
reclaimed water is usually 
~1.5 times higher in TDS than 

the original water source. For example, if the water source has 
300 mg/L TDS, the reclaimed water will have about 450 mg/L 
TDS. Also, wastewater treatments kill or remove most pathogens 
(see Section 4.7), but do not remove all residual (trace) organic 
chemicals (see also pollutants). The removal of excess salts and 
residual organic chemicals would increase the cost of wastewater 
treatment significantly (see Sections 4.4 and 4.5). Reclaimed water 
is considered safe for irrigation and recharge. We must continue, 
though, to monitor its impact in the environment to preserve the 
quality of natural water resources.

Outlook
The earth has unlimited amounts of water, but only a very small 
fraction of the world’s water is fresh and renewable.  Non-
renewable groundwater resources are being depleted in Arizona 
and many other parts of the world. Many countries in the world 
(including the U.S.) are experiencing both internal conflicts and 
conflicts with neighboring countries brought about by the combined 
pressures of population growth and limited fresh water resources. 
In the near future, the wise management and use of local water 
resources will be critical to growth and to the preservation of our 
life and the environment.

Portions of this text have been adapted from Leeden et al., 1990; WRRC, 2002; 

and City of Phoenix Water Services Website, 2003.
 

Water Facts: Reclaimed water 
is becoming a valuable renew-
able water resource, accounting 
for about 3% of total water use in 
Arizona in 2002. 
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 Water, water everywhere but only a drop is fresh. (See p.15 Water Facts)

1
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1.3 Domestic Wells

The quality and safety of these 
drinking water sources are not 
tested or regulated by any state or 
federal agency. Therefore, private 
well owners should test their well 
water quality regularly to ensure 
that it meets safe drinking water 
standards. Also, well owners may 
need to select and maintain reliable 
home treatment systems (see Section 4.10). If the well is located in 
a large groundwater source, general well water quality information 
may be available from neighbors or local water utilities. However, the 
quality of groundwater is influenced by localized geologic conditions 
and above-ground, human-related influences such as septic systems. 

Testing Your Well Water

Domestic wells should be tested annually for the presence of 
coliform bacteria, as an indicator of pathogens.  More frequent 
testing is suggested if visual changes in the water quality are noticed 
or if unexplained health changes occur. The table below provides a 
schedule and list of analyses for testing. When water tests positive for 
pathogens, owners may choose to use shock-chlorination to disinfect 
the well casing and household plumbing. This may not eliminate the 
contamination if it is found in the aquifer water itself. In that case, 
the owner should seek an alternate source of water or install a home 
water disinfection system (see Section 4.7). 

Water Facts: There are over 
93,000 domestic, privately owned 
and maintained water wells in 
Arizona that provide groundwater 
for drinking, household use, and 
irrigation to an estimated 300,000 
Arizonans (5% of the states 
population). 

Initial Tests** 
Hardness, sodium, chloride, fluoride, sulfates, iron, man-
ganese, arsenic, mercury, lead, plus all tests listed below.

Annual Tests (at a minimum)
Total coliform bacteria, TDS, pH, nitrate.

Monthly Visual Inspection
Look for and note changes in:
  Turbidity (cloudiness, particulates)
  Color, taste, and odor***
  Health changes (reoccurring gastrointestinal
   problems in children and/or guests)****

Suggested Water Testing* Schedule

*See Table 4 (Section 6.3) for a comprehensive list of 
poor water quality symptoms, tests, and possible causes.
**Annual testing may not be needed, as these chemicals usually are
naturally occurring and their concentrations do not change over time.
***Consider one or more of the initial tests listed above (see also Section 4.10).
****Annual tests should be performed right away.
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When the well produces well water of poor quality, it is important to 
determine the possible causes or sources of the contamination. Table 
4 (Section 6.3) provides a list of water symptoms, recommended 
tests, and possible causes. If the causes cannot be removed, find 
an alternate source for home water. Otherwise, carefully consider 
the installation of a new or modified water treatment system (see 
Section 4.10) to control color, particulates, TDS, and/or inorganic 
contaminants such as nitrates and arsenic. 
Homeowners should not attempt to treat or use as drinking water 
sources contaminated with industrial chemicals such as solvents, 
pesticides, and gasoline products at concentrations above National 
Primary Drinking Water Standards (NPDWS; see Section  6.3). See 
also Section 4.10 for treatment options.
Well owners should visit the following ADWR website for 
information on well construction standards for Arizona residents. 
www.water.az.gov/adwr/Content/Publications/files/well_
owners_guide.pdf

Portions of this text have been provided by and adapted from the ADWR and 
USGS websites, and USEPA 1997.

Old farm house with windmill well. 
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1.4  Bottled Water

There are numerous types and 
sources of bottled water. Com-
mon bottled waters include 
mineral water (with more than 
250 mg/L TDS), purified water 
(which has been treated to reduce TDS levels), and sparkling water 
(which is naturally carbonated), among others. For a more complete 
list, see the National Sanitation Foundation (NSF) website. 

Bottled water is regulated as a packaged food product by the Food 
and Drug Administration (FDA) and state governments. Self-im-
posed standards on bottled water are also required by members the 
International Bottled Water Association (IBWA). The U.S. Environ-
mental Protection Agency (USEPA) is not directly involved in the 
regulation of bottled water. However, if the bottled water suppliers 
use water from public water systems, these must meet USEPA stan-
dards. If private water sources are used, such as springs and wells, 
bottled water may be filtered, but the levels of minerals and contam-
inants may vary. Also, water disinfection is usually necessary, and 
packaging is done according to FDA food guidelines. 

Water Quality
Large surveys conducted both 
in the U.S. and worldwide have 
shown that, in general, bottled 
water is no safer than tap water. 
Concerns about the safety of 
bottled water has prompted 
the World Health Organiza-
tion (WHO) to work on the development of an international code 
of bottled water quality that would require the disclosure of the 
source, mineral content, and treatment of all bottled water.
One advantage of drinking bottled water is its portability and the 
fact that, unlike tap water, it requires no residual disinfection dur-
ing storage or delivery to the consumer (see Section 4.6). Therefore, 
there is no unpleasant chlorine taste or smell. 
Bottled water should be consumed quickly, not stored for months, 
as plastic bottles may degrade over time and contaminate the water 
with plastic residues.

Water Facts: Annual sales of 
bottled water in the U.S. now 
exceed 8 billion gallons.

Water Facts:  Limited regulations 
and inadequate labeling (see 
next page) often make it difficult 
to determine the source, exact 
mineral content, and treatment of 
bottled water.



22

H
is

to
ry

 a
n

d
 

S
o

u
rc

es

Portions of this text have been adapted from the NSF, FDA, IBWA, NRDC, and 
WHO websites (see Section 6.2). 

Bottled water label conforming to USDA requirements and non-U.S. bottled 
water label (insert). 
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2.1  Minerals in Water 

Water occurs naturally in three states: liquid, gas (vapor) and solid 
(ice), and moves between these states. Solid water, particularly the 
polar ice caps, helps protect the aquatic environment from abrupt 
changes in temperature. Water vapor is essentially pure water in 
a gaseous form. Water, in its liquid form, picks up chemicals (both 
minerals and particulates, some considered contaminants) as a 
result of seepage into its surrounding soil environment. Returning 
to its gaseous state as it evaporates, water leaves behind the solid 
residues it acquired in its liquid state.

How Water and Matter Interact
Figure below shows how 
water dissolves common table 
salt by separating its sodium 
(+) and chloride (-) ions (see 
dissolution). Within water’s 
liquid state, these ions are kept 
separate by molecules whose 
task is to balance the positive (+) 
or the negative (-) properties of each element.

Water Facts: Water is often 
referred to as the universal solvent 
because of its dual nature – it can 
both surround and separate other 
chemical substances inside its 
structure

Representation of water molecules interacting with other chemicals.

2
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Other minerals can dissolve in water in a similar manner but in 
varying amounts. When liquid water comes into contact with the 
earth’s surface and runs off, it can also carry with it visible solid 
parts (particulates such as silt, clay, and plant parts) that can remain 
suspended in water. Gases from the atmosphere and gaseous 
pollutants can also dissolve and be suspended (as bubbles) in water. 
For example, carbon dioxide dissolves in water and can lower its 
pH by forming carbonic acid (see carbonated water, Section 1.4).

Common Minerals Found in Water
Besides table salt, fresh water 
also contains other common 
minerals that include gypsum, 
calcite, and dolomite (the main 
sources of calcium, magnesium, 
sulfate) and carbonate ions. 
These ions, together with 
potassium and table salt, 
usually account for about 
95% (by weight) of the total 

dissolved solids (TDS) found in natural water. The amount and 
proportions of minerals in water affect its taste and can often be 
used to identify the origin of a water source. The figure on the next 
page shows the mineral compositions of Tucson groundwater and 
CAP water. A quick look at the figure shows that CAP water has  
more dissolved minerals and different proportions of minerals than 
Tucson groundwater.

Trace Elements in Water
Numerous other chemicals found in minerals are also found in 
water in trace amounts. These include beneficial elements like 
copper, zinc, and iron (see Section 3.1) and undesirable elements 
like arsenic, mercury, and radon gas (see Section 3.2). Waters that 
come into contact with minerals rich in these chemicals may contain 
elevated and potentially toxic amounts.

Contaminants in Water
Human activities can also contaminate natural waters with 
excessive levels of minerals or pollutants. These activities include 
agricultural and industrial release of pollutants; improper disposal 
of municipal and animal wastes into air, soil, surface, and ground 

Water Facts: minerals composed 
of sodium and chloride ions have a 
very high water affinity (solubility) 
and are quickly washed out of 
the soil. Thus, most dissolved 
minerals in seawater are sodium 
and chloride (table salt).  

2
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waters; and transportation and recreation on air, land, and water. 
The types and quantities of contaminants that can be tolerated in 
public drinking waters are set by the USEPA (see Tables 1 and 2, 
Section 6.3). These standards are discussed in Section 3.

Total Dissolved Solids (TDS) in Arizona Waters
The mineral compositions of the water sources in Arizona vary 
depending on their origins. In general, the chemical composition 
of groundwater sources is more seasonally constant but can vary 
significantly by location. The quality of surface water sources tends 
to vary both seasonally and by location.

Phoenix and other surrounding cities such as Mesa and Gilbert 
use multiple surface water sources (including groundwater when 
necessary) that provide tap water with TDS values that exceed 
500 mg/L (on average) and can change more than +250 mg/L 
through the year. The combined hardness of these water sources is 
considered hard to very hard (see Table 2, Section 6.3).
Tucson groundwater’s TDS is, on average, about 290 mg/L, but 
TDS values can vary by about +100 mg/L depending on the location 
of various wells in the Tucson basin. CAP water has a higher TDS 
than Tucson groundwater. Therefore, mineral concentrations in tap 
water are expected to increase as more CAP water is fed into the 

2

Mineral composition of Tucson groundwater, CAP water, and 50:50 blend.
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system. An estimate of the TDS and mineral composition of a 50:50 
blend of Tucson groundwater and CAP water is about 470 mg/L 
(see figure previous page). The combined hardness of this blend is 
classified as moderately hard to hard (see Table 2, Section 6.3).
Flagstaff, on average, has about 200 mg/L TDS in its diverse 
(multiple surface and groundwater) sources, although values can 
change by more than +100 mg/L depending on the source. As in 
other Arizona cities, the hardness of Flagstaff city water ranges from 
moderately hard to very hard (see Table 2, Section 6.3).
Yuma residents obtain their potable water directly from the 
Colorado River and it is not desalinized prior to delivery. At that 
location, the Colorado River has an average TDS of about 800 mg/L 
that changes about +50 mg/L through the year. This source of water 
is classified as very hard (see Table 2, Section 6.3).
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2.2  Contaminants in Water

Contaminants are divided into three categories: those of natural 
origin, those of natural origin but enhanced by human activities and 
those human-made and introduced into the environment. Common 
minerals are also the most common contaminants found in waters 
(see Section 2.1). Water sources also have unwanted but naturally 
occuring toxic elements like arsenic. When arsenic is found in a 
drinking water source at concentrations above National Primary 
Drinking Water Standards (NPDWS), the water is “contaminated” 
with arsenic (see Section 3.2).  

Contamination of Water Sources
Water sources may also become 
contaminated with high 
concentrations of common 
elements like sodium through 
natural and human activities. 
This water may not be a threat to 
the environment, but it is unfit to 
drink or to use to irrigate crops. 
In this case, the water is considered contaminated with sodium 
and other salts, and is called saline. Some saline water sources may 
be acceptable for livestock or used to irrigate salt-tolerant plants 
common in Arizona.
Human-made contaminants are also commonly referred to as 
pollutants. These include synthetic organic chemicals such as 
agricultural pesticides, industrial solvents, fuel additives, plastics 
and many other chemicals. Unfortunately, many of these chemicals 
are ubiquitous (present everywhere) in our environment due to their 
extensive use in modern society (see figure next page). Also, microbial 
pathogens derived from human and animal waste become pollutants 
when improperly disposed of and can adversely impact the quality of 
water resources.

Setting Limits on Contaminants
Few surface and groundwater sources in the world remain unaffected 
by contamination. Is all the water in the world “polluted?” The 
answer is “no” if limits are applied. The NPDWS and the National 
Secondary Drinking Water Standards (NSDWS) are designed to 
regulate contaminants in water sources because it is unreasonable to 
expect to have an unlimited amount of contaminant-free water (see 
Sections 3.1 and 3.2). Thus, drinking water can contain acceptable (by 
social consensus) amounts of contaminants.

Water Facts:  The most common 
sources  of water pollution are 
rainfall (air pollution), seepage, 
run-off from urban and agricultur-
al areas, and discharges of con-
taminated water and wastewater 
into the open environment.

2
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Common Contaminants in Arizona Water Sources
Common water contaminants in water and water sources include 
TDS (naturally high sodium, chloride, sulfate, and calcium), 
hardness (natural high calcium) nitrates, total coliform bacteria 
(animal waste, septic systems, and agriculture), arsenic, radon, lead 
(naturally occurring), pesticides, gasoline products and solvents 
(agriculture and leaky tanks). With the exception of TDS, all of these 
contaminants are regulated in public drinking water supplies by the 
NPDWS (see Section 3.2).

New Contaminants
The USEPA is always evaluating so-called emerging contaminants 
that need to be regulated in our public water systems. These include 
the perchlorate ion found in rocket fuel and explosives (detected in 
both the groundwater and surface water of several states, including 
Colorado River water), new groups of water disinfection by-
products, and new types of endocrine disruptors. Although the 
USEPA has not yet set or passed any national standards on these 
newly recognized contaminants, individual states may choose to 
have additional or stricter drinking water quality guidelines, as is 
the recent case of perchlorate in the state of California. Emerging 
water pathogens include a bacterium called Mycobacterium avium.

Sources of water pollution in the environment. Adapted from: Arizona Water Map 
Poster, 2002, Water Resources Research Center, CALS, University of Arizona.

2
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3.1  Major Water Quality Parameters
and National Secondary Drinking Water

     Standards (NSDWS)

The overall quality of water is 
measured by several parameters.
The recommended values of 
major water quality parameters 
are given in the USEPA list of 
NSDWS (see Table 1, Section 6.3). 
These secondary standards, listed 
as maximum concentration levels 
(MCLs), are non-enforceable. 
Thus, public water systems are 
not required to reduce these chemicals below the EPA-recommended 
levels. However, water utilities control the levels of these chemicals in 
the water when needed in order to prevent tap water odor and taste-
related customer complaints. 
The NSDWS also imply that it is acceptable to have some quantities 
of contaminants, including minerals in fresh water sources and 
potable water supplies. Most of the minerals found in fresh water 
are necessary life-sustaining nutrients and many are found in 
common vitamin supplements. These include calcium, magnesium, 
potassium, zinc, copper, iron and others (see Section 2.1). In should be 
noted, however, that drinking tap water normally does not provide 
the recommended levels of most of these nutrients. For example, 
drinking 64 ounces (~2L) of water a day containing 50 mg/L calcium 
would only provide 1/10th of the adult daily requirement of calcium 
for adults 19-50 year-old recommended by the National Academy of 
Sciences. 

Total Dissolved Solids (TDS)
This measurement combines 
most dissolved minerals found 
in water sources into one value. 
According to the NSDWS 
drinking water should not have 
more than 500 mg/L of TDS. 
Still, potable water that has a 
higher TDS is not necessarily 
unhealthy. However, high TDS water may cause deposits and/or 
staining, and may have a salty taste.

Water Facts: National Second-
ary Drinking Water Standards 
are important to public percep-
tion that water quality is safe. 
They provide guidance to water 
utilities on aesthetic (taste and 
odor), cosmetic (skin and tooth 
discoloration), and technical 
(water delivery) effects. 

Water Facts: NSDWS may be 
exceeded in drinking water sup-
plies. For example, the TDS lev-
els in several Arizona cities is 
higher than the recommended 
500 mg/L (see Section2.1). 

3
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pH
This value measures the active acidity or alkalinity of water. The 
pH of water is important in controlling pipe corrosion and some 
taste problems. The recommended pH range is 6.5–8.5. 

Water Taste
Note that TDS and pH do not 
determine the proportions 
of major minerals found 
in drinking water sources  
(see Section 2.1). However, 
the mineral composition of 
water may affect its taste. For 
example, water with a TDS of 

500 mg/L composed of table salt would taste slightly salty, have 
a slippery feel, and be called soft water. Whereas, water with the 
same TDS value but composed of similar proportions of table salt, 
gypsum, and calcite would have a more acceptable (less salty) taste 
and feel less slippery due to its greater water hardness (see Section 
2.1). Salty taste can be reduced by limiting the amounts of chloride 
and sulfate ions in potable water to less than 250 mg/L each. 

Organic Matter
Other important water properties, listed as NSDWS, have to be 
controlled in tap water (these are listed in Table 1, Section 6.3). 
Water color, odor, and foaming are affected by the presence of 
natural organic matter substances often found in surface (but 
less frequently in groundwater) supplies. Most organic matter is 
routinely removed from water by water utilities with EPA-approved 
physical and chemical water treatments before home delivery. 

Metals and Fluoride
The NSDWS also include recommended levels for aluminum, 
copper, iron, manganese, fluoride, and zinc. Most of these elements 
are found in trace quantities (less than 1 mg/L) in fresh waters. 
However, if not controlled, these elements can impart a metallic 
taste to water, cause staining, and even be toxic when present in tap 
water at concentrations above the recommended secondary MCLs 
(see Table 1, Section 6.3).

Water Facts: Both the TDS and 
the proportions of the major 
chemical (mineral) constituents 
determine the taste of water, in-
cluding its hardness and alkalin-
ity.

3
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The Code of Federal Regulations. The EPA NSDWS are published 
in Title 40 (protection of the Environment), Part 143. The EPA NPDWS 
(presented in Section 3.2) and their implementation are published in 
Title 40 (protection of the Environment), Part 141 and Part 142.

3
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3.2  National Primary Drinking Water 
Standards (NPDWS)

The EPA sets drinking water 
standards in collaboration 
with numerous other groups, 
organizations and persons 
including scientists, state 
and local agencies, public 
water systems and the public. 
States and Native American 

Communities facilitate implementation of these standards by means 
of public water systems. Drinking water standards are always 
evolving as new scientific information becomes available and 
new priorities are set about the potential health effects of specific 
contaminants found in water. 

How Standards are Developed
The USEPA considers many 
issues and factors to set a 
standard. These include current 
scientific data, availability of 
technologies for the detection 
and removal of contaminants, 
the occurrence or extent of 
contamination of a chemical in 
the environment, the level of 

human exposure, potential health effects (risk assessment) and the 
economic cost of water treatment. 

Public water systems must comply with NPDWS by providing 
water that does not exceed the MCL of any listed contaminant to 
their customers. Also, when water sources are treated by public 
water utilities, they must use EPA-mandated or EPA-accepted water 
treatment methods. However, small water systems (of up to 3,300 
users) may obtain variances (extra time or exemptions) in order to 
comply with new standards.

Types of Contaminants 
Contaminants regulated 
under the NPDWS include 
inorganic contaminants 
(such as arsenic and lead), 
organic contaminants (such 
as insecticides, herbicides, 

Water Facts: Drinking water 
regulations and standards are 
used by public water systems 
to control the levels of contami-
nants in potable water delivered 
to homes.

Water Facts: Drinking water 
quality regulations are becoming 
more numerous and complex 
in response to public demands, 
new testing and treatment tech-
nologies, and newly discovered 
health effects of pollutants.

Water Facts: There now are 
over 90 individual and classes of 
contaminants regulated in public 
water supplies by the NPDWS.
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and industrial solvents like tri-chloro ethylene or TCE), water 
disinfectants (such as chlorine and chloramines), disinfection by-
products (such as chloroform), radiunucleides (such as uranium) 
and microorganisms (such as Giardia and intestinal viruses). The 
complete list of these contaminants, including their MCLs, is 
provided in Table 3, Section 6.3. An up-to-date list of NPDWS can 
always be found on the EPA website (see Section 6.2).

How NSDWS are 
Implemented
Water providers must monitor 
(test) all of their water sources 
– both groundwater wells and 
surface waters (lakes, rivers and 
canals) – at regular intervals 
prescribed by the USEPA and 
by state regulatory agencies. 
This is done at the source, after 
any water treatment, and before 
water is introduced into the 
delivery system. Additionally, 
water providers must also check for the possible presence of 
pathogens (using coliform bacteria tests) and residual disinfection 
chemicals at points throughout their water distribution system. The 
mandated number of tests and intervals between tests depend on 
the water quality parameter, number and types of water sources, 
size of the distribution system, and number of water users.

The Safe Drinking Water Act (SDWA) has enforceable provisions 
for National Drinking Water Standards (see Section 1.1). States are 
the primary enforcers of drinking water standards. Usually, water 
quality standards are enforceable three years after being adopted 
by the EPA. From that time on, water providers affected by the 
new standard must test their water at regular intervals, maintain 
complete records of test results, and be subject to audits by state 
agencies and the EPA. Providers that do not keep records or that 
violate drinking water standards are subject to fines of up to $25,000 
per day. According to the EPA, violations occur more often in 
smaller rather than in larger water systems. 

Portions of this text have been adapted from USEPA websites EPA1, EPA2, and 
EPA3 (see Section 6.2).

Water Facts: Recent right-to-
know amendments to the SDWA 
require water providers to dis-
close the results of their water 
testing to the public. For exam-
ple, Tucson Water has its 2004 
annual water quality report on 
its website. This report provides 
a summary list of the regulated 
contaminants detected in Tucson 
water supplies, as well as con-
centration ranges and MCLs. 

3
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4.1  Home Water Testing

To decide whether a home water treatment device is needed you 
must first know the quality of your water source and the quality of 
your tap water. Try to obtain as much water quality information as 
possible from your local water provider or contact neighbors with 
wells near your own well. 

If Your House is Connected to a Public Water System

If your tap water is colored 
and/or cloudy, smells, or has an 
unusual taste, verify that your 
house pipes are not affecting 
your water quality. Note the 
appearance, taste and smell of 
the water from an outlet located 
outside the house (as close to 
the main meter as possible). If 
the water is similar in quality both outside and inside your house, 
talk with neighbors, as they may be experiencing similar problems. If 
this is the case, contact your water provider immediately. Most water 
quality issues of this nature are temporary and will be resolved by 
your water provider. If your provider is unable to improve the water 
quality, you should contact the Arizona Department of Environmental 
Quality (ADEQ) for further assistance (see Section 6.2).

If you still are not satisfied with your water quality, you should 
request an annual water quality analysis report or obtain it from the 
appropriate water provider website (again, see links provided in 
Section 6.2). Verify that your water provider delivers water that meets 
all EPA standards and guidelines.  Using this report, you may choose 
some water quality parameters that you would like to improve.

If You Own Your Own Water Source (Well)
First, obtain all available water quality information from the previous 
owner, neighbors, and local water utilities, then consider further 
testing (see the Suggested Water Testing table in Section 1.3). If your 
water source is cloudy, smelly, or has an unacceptable taste, it likely 
does not conform to NSDWS. Consider testing for all parameters 
(see Table 1, Section 6.3) and review Water Problems: Symptoms, 
Tests, and Possible Sources (Table 4, Section 6.3) to determine water 
problems and possible sources of contamination. Finally, contact the 
ADEQ for information on possible or known sources of groundwater 
contamination in your area. 

Water Facts: Public water 
utilities are required by law to 
deliver water that meets NPDWS 
to your house (meter) inlet. 
Public water utilities should also 
deliver water with acceptable 
taste and aesthetics. 

4
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Water Testing
Before purchasing or installing a water treatment system, test 
your water at the tap. Be aware that water testing is not an easy 
or inexpensive step. Laboratory fees for water quality analysis 
vary greatly from one parameter to another. In 2004, for example, 
testing for hardness, TDS, and pH may cost about $50. Testing for 
lead or nitrate may cost about $25. However, testing for all possible 
individual pollutants can cost more than $2000 per sample. For a 
complete list see Section 6.3.
If you suspect that your house plumbing may be contaminating 
your water, test your water at the tap for those contaminants that 
may be present. Carefully choose the list of contaminants to be 
tested with the assistance of a qualified water quality expert. See 
also Table 4, Section 6.3, for a list of water problems and suggested 
tests, and review the drinking water standards listed in Tables 1-3 of 
Section 6.3. 
A good water testing laboratory should provide you with clean 
containers and clear instructions on how to collect your tap water 
sample. In order to prevent biased test results, it is essential that 
you follow the water sample collection, preservation, and shipment 
instructions carefully. To locate an Arizona state certified laboratory, 
call the Arizona Department of Health Services (ADHS) Bureau 
of State Laboratory Services for a list of certified water testing 
laboratories in Arizona (602-364-0728).

Water testing laboratories must comply with state and federal 
guidelines by using USEPA approved methods of analysis. 
Guidelines for water testing are regularly published and updated by 
the EPA and are also listed in the Code of Federal Regulations, Title 
40, part 136.

Laboratory Test Results
Have the tests results explained to you by a qualified analyst or 
water quality expert. For example, terms such as “BDL” mean that 
a pollutant could not be detected below a certain value or detection 
limit. BDL values should be listed in the laboratory report and they 
should  always be lower than the NPDWS and the NSDWS MCLs 
listed in Tables 3 and 1, Section 6.3.

Determine which parameters have values above drinking water 
standards and which parameter you would like to lower in order to 
improve water quality. 
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Water testing is serious business: Laboratory analyst at work.

P
H

O
TO

: 
Ja

ni
ck

 A
rt

io
la

4

The following sections present details on the applications, 
principles, and cost of six common methods of home water 
treatment. They also include a list of common water quality 
problems, specifically those common in Arizona, discuss 
water scams and present a list of key questions to ask before 
investing in a water treatment option. Use this information 
to make informed decisions about your home water 
treatment options.
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4.2  Particle and Microfiltration 

Particle filtration is a process that removes small amounts of sus-
pended particles, ranging in size from sand to clay, from water. It 
can be used alone or ahead of other water treatment devices. Home 
filters are not intended to filter large amounts of particles. Instead, 
sedimentation, or sand filters, are used to filter and remove par-
ticles from large volumes of water. Microfiltration may also be used 
to remove some bacteria and large pathogens, like cysts (Giardia and 
Chryptosporidium). Note that microfiltration should not be relied on 
to disinfect water with high concentrations of bacteria and viruses, 
instead chemical disinfection should be used. Other forms of filtra-
tion include ultrafiltration and reverse osmosis (see Sections 4.3 and 
4.3). See Filtration Application Guide, next page.

Operation and Construction
Filters (Figure 2) function in two general modes:

Surface or screen filters remove the particles at or very near the 
filter surface. Ceramic filters are porous ceramic cylinders that filter 
at the surface. They are expensive but long lasting, may be cleaned, 
and provide precise filtration. Resin-bonded filters look like ce-
ramic filters but are produced by bonding particles with resin rather 
than heat.
Depth filters have a thick filter medium. Particles are retained 
throughout the thick filter mat and these filters may be used for a 
wide range of particle sizes. There are several types of depth filters. 
String-wound filters are easily recognized by the criss-cross pattern 
of the string (which may be made of cotton or synthetic materials 
such as polypropylene and nylon). Spun-fiber filters look like a 
fuzzy fiber tube are usually are constructed from synthetic fibers 
(such as polypropylene and nylon) or natural fibers (such as cellu-
lose). Pleated-fiber filters are constructed either of individual fibers 
pressed and bonded together or of a continuous sheet or membrane 
with very small openings.

Filter Rating
Particle filters have two types of ratings:

Average or nominal particle size implies that a range of particles 
pass through different sized openings within the filter.

Absolute particle size implies that no particle larger than the stated 
size may pass through the filter.

W
at

er
 T

re
at

m
en

t

4



39

F
IL

T
E

R
 A

P
P

L
IC

A
T

IO
N

 G
U

ID
E

0.
00

01
0.

00
1

0.
01

0.
1

1.
0

10
10

0
1,

00
0

M
ic

ro
n

S
iz

e 
ra

n
g

e
o

f W
at

er
 

C
o

n
st

it
u

en
ts

M
et

al
 Io

ns

A
qu

eo
us

 S
al

ts

D
is

so
lv

ed
 O

rg
an

ic
s

V
iru

se
s

C
ol

lo
id

s

B
ac

te
ria

G
ia

rd
ia P
ol

le
ns

B
ea

ch
 S

an
d

C
ry

pt
os

po
rid

iu
m

F
ilt

er
P

ro
ce

ss

P
ar

tic
le

 F
ilt

ra
tio

n

M
ic

ro
fil

tr
at

io
n

U
ltr

af
ilt

ra
tio

n

R
ev

er
se

 O
sm

os
is

Fi
ltr

at
io

n 
G

ui
d

e.
 S

ou
rc

e:
 m

od
ifi

ed
 fo

rm
 F

ilt
ra

tio
n 

A
p

p
lic

at
io

n 
G

ui
d

e,
 W

at
er

 Q
ua

lit
y 

Im
p

ro
ve

m
en

t 
C

en
te

r. 

W
ater Treatm

en
t

4



40

Filter Selection
Filters are rated by the smallest size particle they will remove, 
stated in microns. A micron is approximately 0.00004 inches (some 
common particles sizes are shown in Filter Application Guide, 
previous page).

If no colloidal materials or pathogens are present, the filter with the 
largest rating size that will work is recommended as it will require 
less maintenance. If the filter must be very fine, such as for remov-
ing pathogens, two filters are often recommended.  A depth filter 
with larger opening might be selected as the first filter and an abso-
lute rated surface filter could be used as the second filter to ensure 
removal of the organisms.
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Filter Cost
Particle filters and microfilters range in price from a few dollars 
for a small self-contained specialty type to $150 or more for a large 
ceramic filter system. Replacement cartridges range from a few 
dollars to $100 or more for ceramic cartridges. Total costs are highly 
variable depending on requirements and particulate load guidelines 
that determine the cartridge’s service interval.

Portions of this text are adapted from Powell and Black 1987.

Filter Facts: 
 • Synthetic filters (made out of plastic fibers or resins)   
  are a possible source of chemical contamination in   
  themselves.

 • Misuse of these devices, including overuse and fast   
  or inadequate flushing, may prevent or reduce filtration   
  of contaminants or may release large amounts of   
  contaminants back into the water (initial flush effect).

   • Filters should be used regularly. Long idle periods may   
  lead to excessive bacterial growth, early clogging,   
  and the possible release of high concentrations of   
  potentially harmful bacteria when flow is restarted.

 • Replace filters at manufacturer’s prescribed intervals.
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4.3  Activated Carbon Filter 

Activated carbon filtration may 
be selected to reduce unwanted 
tastes, odors and organic 
chemicals (such as disinfection 
by-products, pesticides and 
solvents) from drinking water. 

Activated carbon will also reduce radon gas and residual chlorine. 
Activated carbon filters will not remove or reduce major inorganic 
ions (e.g., sodium, calcium, chloride, nitrate and fluoride or metals). 
However, some carbon filters can reduce lead, copper and mercury. 
Activated carbon filters will not soften the water or disinfect it. If the 
water source is cloudy, this type of filter may be used after a particle filter 
to remove particles that may plug or reduce its efficiency.

Principles of Activated Carbon Filtration

Activated carbon filtration makes use of a specially manufactured 
charcoal material. That substance is composed of porous carbon particles 
to which most organic contaminants are attracted and held (sorbed) on/in 
the porous surface. See the figure on the next page (insert). However, 
organic pollutants have large differences in affinity for activated carbon 
surfaces. Also, the characteristics of the carbon material (particle and 
pore size, surface area, surface chemistry, density, and particle hardness), 
the size of the filter and the flow rate of the water through the filter have 
a considerable influence on the pollutant removal efficiency of these 
filters. Usually, smaller carbon particles and slower water flows improve 
contaminant removal. 

Types of Units

Faucet-attached devices, or point-of-use (POU) devices (see figure next 
page), may be directly attached to the faucet, or the filter may be placed 
on the countertop and connected to the faucet with a hose. These units 
may be equipped with a bypass feature to draw unfiltered water. Units 
that attach to the faucet are very small in size and offer short contact 
time, relatively short life, and limited contaminant removal. Despite these 
limitations, these devices improve water taste and reduce smells when 
used as directed. 
Pour-through filters also generally are small and portable. Some work 
merely with gravity filtration and tend to be slow; others contain a power-
operated pump. These devices also improve water taste and reduce smells 
when used as directed.
Speciality filters are intended to treat water for appliances such as 
ice makers and water coolers. These also are small units, normally a 
combination particle and activated carbon filter, installed in the water 

Water Facts: An activated carbon 
filter is used most frequently 
to reduce the unwanted taste 
and smell caused by water 
chlorination.
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supply pipe. When service is required, the entire unit is replaced. 
Line by-pass and stationary filters are very similar. These are 
usually the largest units and they are connected directly into the 
house plumbing, requiring the services of a plumber.

Filter Selection
When purchasing an activated carbon filtration device, first consider 
the quality of the drinking water. An activated carbon unit that will 
get rid of simple taste and odor problems is quite different from one 
designed to reduce low or hazardous levels of contaminants below 
national standards. The best unit for a given situation depends on 
the amount and type of carbon material contained in the unit, what 
contaminants it is certified to reduce, initial and replacement cost of 
filters, frequency of filter change, and operating convenience. Two 
other important factors to consider are the potential drop in water 
pressure in the home system after installation of a unit and the daily 
quantity of treated water supplied by the device.

Maintenance
Activated carbon filter units need to have the carbon changed 
periodically. For small speciality units, the entire unit is normally 
replaced. Cartridge filters are the easiest to change. The ease of 
opening the filter housing and the amount of space required to 
change the filter should be considered.

Cost
The devices commonly available for the home range in price 
from $30 for POU and pour-through filters to over $800 for point 
of entry (POE) units (installation not included). Replacement 
cartridges range in price from $3 to $50 or more. The filter cartridge 
replacement interval will determine annual maintenance cost.

Activated carbon filter (point-of-use) and activated carbon material (insert). 
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Portions of this text have been adapted from Lemly, Wagenet, and Kneen 1995 

and Plowman 1989a.

  

Carbon Filter Facts:
  • The carbon cartridge should have rigid sides to 
  maximize contact between the water and the carbon.

 • Only cold, disinfected water should be used.

  • A newly installed device should be flushed with water,   
  following the manufacturer’s instructions. For pour-     
  through models, water should flow slowly through the   
  unit to assure adequate contact with the carbon.

  • Filters should be changed on schedule to avoid    
  contamination breakthrough.

   • Filter material or cartridge should be replaced if left   
  unused for an extended period of time (two weeks or   
  longer).

  • Hazardous (above NPDWS) levels of organic chemicals  
  should be treated with properly sized, professionally   
  tested, and properly maintained activated carbon filter   
  devices.
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4.4  Reverse Osmosis

Reverse osmosis (RO) is 
becoming a common home 
treatment method for 
contaminated drinking water. 
RO, probably best known for 
its use in water desalinization 
projects, can also reduce 
chemicals associated with unwanted color and taste. It also may 
reduce pollutants like arsenic, lead and many types of organic 
chemicals. 
RO treatment is not effective 
for the removal of dissolved 
gases such as radon, or for some 
pesticides and volatile organic 
chemicals such as solvents. 
For example, RO will not 
effectively remove disinfection 
by-products like chloroform. 
Consumers should check with the manufacturer to determine which 
contaminants are targeted and what percent of the contaminant is 
removed.
RO is recommended for sediment (particle) and pathogens. Pre-
treatments such as particle filtration (to remove sediments), carbon 
filtration (to remove volatile organic chemicals), chlorination (to 
disinfect and prevent microbial growth), pH adjustment or even 
water softening (to prevent excessive fouling produced by water with 
excessive hardness) may be necessary for optimum RO functioning.
        
Principles of Reverse Osmosis
The simplest home RO system consists of a semi-porous membrane 
(see figure next page), a storage container for the treated water, 
and a flow regulator and valve to back-flush the membrane when 
it becomes clogged (or fouled). Tap water is passed through a 
membrane that filters out most of the contaminants. Eventually, 
the pores of the membrane become clogged with minerals and the 
flow-through of water slows down. To remove these residues, the 
membrane is back-flushed using tap water, which creates reject water 
high in salts. This brackish water is automatically discharged into the 
home drain system. When the membrane flow is restored, tap water 
can be treated again. The pressure for RO is usually supplied by the 
line pressure of the water system in the home. RO units installed in 
private water sources should have sediment and activated carbon 
pre- or post-filters.

Water Facts: RO can treat mod-
erately saline to saline water, re-
ducing the amounts of common 
minerals, including hardness, by 
80–95%.

Water Facts: The removal ef-
fectiveness (percent of removal) 
depends on membrane type, 
water pressure, and the amount 
and properties of each contami-
nant.

4
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Home RO units are often small cylindrical devices approximately 
5 inches in diameter and 25 inches long, excluding any pre- or 
post-filtration devices. It is not practical to treat all water entering a 
residence with RO since small devices do not produce enough water 
to meet all household needs. Also, RO water can be very aggressive 
and should not be circulated through or stored in metal pipes or 
containers. Often, the unit is placed beneath the kitchen sink to treat 
water used for cooking and drinking.

     
Types of Reverse Osmosis Membranes
These membranes are made from organic chemicals like cellulose 
acetate, cellulose triacetate, aromatic polyamide resins, a mixture of 
these materials and a variety of other materials. Membrane selection 
depends primarily on the quality of the water source. Some 
membranes are intended for use only with chlorinated water, others 
must have water with no chlorine and still others may be used with 
either. Note that residual chlorine will quickly damage membranes 
not rated for chlorinated water.
All membranes used in home-size RO units are enclosed in a 
cartridge and are usually either hollow fiber or spiral-wound. 
Spiral-wound membranes, more common in home systems, are 
designed to treat water with high levels of suspended solids. 
Hollow fiber membranes are easily clogged by hard water, but they 
require less space and are somewhat easier to maintain than the 
spiral-wound configuration.
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Reverse Osmosis System Selection
Key questions to ask and issues to consider before purchasing an 
RO system include:

✓ How well does the RO unit remove contaminants found  
 in our water supply? Note that removals are given in   
 percent removed of the total present in the source   
 water and that this varies for each contaminant. For   
 example: if tap water has 100 mg/L sodium, a membrane  
 with an 85% reject value should produce water with no   
 more than 15 mg/L of sodium. Again, remember that this  
 removal percentage for sodium may not be the same for   
 other contaminants.
✓ How much treated water can be produced per day? Since  
 some RO units operate continuously, an oversized system  
 will result in excessive waste of treated water.
✓ How much back-flushing water is needed per gallon   
 of treated water? This often is an overlooked cost   
 that may be difficult to determine in home systems   
 that drain the back-flush water directly into the    
 sewer. Home RO systems may spend as much as 10 gallons  
 of water to back-flush the membrane for every gallon of   
 clean water they produce. In contrast, industrial RO units  
 may need only 3 gallons of back-flush water for every 7   
 gallons of treated water. For home RO systems, the range  
 of water treatment efficiency may vary from ~10-50%,   
     depending on the TDS and hardness of your water source,  
 membrane type, removal efficiency and system pressure.

Operation and Maintenance
RO units increase home water use since tap water must be used 
to regularly flush the membranes. Some devices might require 
continuous operation to maintain peak membrane performance. 
This may lead to frequent and excessive losses of treated water. 
Clogged or torn RO membranes require replacement; however, 
well-maintained membranes should last two to three years. In 
addition, an RO system that uses pre-and post-treatment devices 
has added purchase and maintenance costs. 
Membrane inspection is not practical, so regular analysis of the 
treated water – using a TDS meter or more specific and expensive 
contaminant testing methods – is necessary. Also, some beneficial 
minerals – such as calcium and magnesium – are reduced 
significantly in RO water. As drinking water is not the primary 
source of these nutrients in our diet, this can be of minimal 
importance.
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Cost
RO devices available for the home range in price from $200–$500, 
not including installation. Maintenance costs can range from 
$50–$120 a year.
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RO Facts: Since extra tap water is needed to regenerate membranes, 
large home RO systems may result in significant increases in water 
use and fees. For example, a 10 gallon-a-day RO system with a 20% 
efficiency rating will require 1500 gallons of extra water use each 
month. Additionally, if water softening is needed prior to RO treatment, 
those costs also should be considered. However, these extra 
monetary and environmental costs are often overlooked. 
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4.5 Distillation

Distillation effectively removes 
inorganic contaminants 
(suspended matter including 
minerals, metals, and 
particulates) from water. Since 
distilled water has no minerals, 
some people claim distilled 
water tastes flat or slightly sweet. Distillation also kills or removes 
microorganisms, including most pathogens. Distillation can also 
remove organic contaminants, but its efficiency depends on the 
chemical characteristics of the contaminant. Volatile organic 
chemicals (VOCs) like benzene and TCE vaporize along with the 
water and re-contaminate the distilled water if not removed prior to 
distillation. Some distillation units may initially purge some steam 
and volatile chemicals. These units should be properly vented to 
prevent indoor air contamination. Some home distillation units have 
activated carbon filters to remove VOCs during distillation.
 
Principles of Distillation
The principle for operation of a distiller is simple. Water is heated to 
boiling in an enclosed container. As the water evaporates, inorganic 
chemicals, large non-volatile organic chemicals, and microorganisms 
are left behind or killed off in the boiling chamber. The steam then 
enters condensing coils or a chamber where the steam is cooled by 
air or water and condenses back to a liquid. The distilled water then 
goes into a storage container, usually 1.5–3 gallons in capacity. See 
(figure next page).

Distillation Units
Also called stills, distillation units generally consist of a boiling 
chamber (where the water enters, is heated, and vaporized), 
condensing coils or chamber (where the water is cooled and 
converted back to liquid), and a storage tank for treated water. 
Distillation units are usually installed as point-of-use (POU) systems 
that are placed near the kitchen faucet and used to purify water 
for drinking and cooking only. Home stills can be located on the 
counter or floor, or attached to the wall, depending on size. Models 
can be manual, partially automated, or fully automated.
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Water Facts: Converting water 
to steam and back to liquid. ef-
fectively purifies and sterilizers 
water. It’s the oldest and most 
natural form of water treatment.
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Operation and Maintenance
As with all home water treatment systems, distillation units require 
some level of regular maintenance to keep the unit operating 
properly. Contaminants left in the boiling chamber need to be 
regularly flushed out. Even with regular removal of the brackish 
(saline) residues, calcium and magnesium scale will quickly collect 
at the bottom of the boiling chamber. Over time, this scale reduces 
heat transfer and should regularly be removed either by hand 
scrubbing or by soaking with acetic acid. Vinegar is a common 
cleaner  used in home distillers.

Costs
Small still units (capacity: 1.5 gallons, 6 liters) cost $250 or more. 
Large units (capacity: 15 gallons, 57 liters) vary from $450 to $1,450 
in purchase price.
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Portions of this text have been adapted from Plowman 1989b.

Distillation Facts:
 • Distillation is the most effective, but also the most 
  expensive (energy intensive) form of water purification.

 • The power rating of the still and the local electricity rates   
  determine the cost of operating these units. 

 • To calculate the cost to produce one gallon of water,   
  multiply the price of a kilowatt hour times the rated   
  kilowatt hour use of your model times the number   
  of hours it takes to produce one gallon of water. For      
  example, if local electricity costs 0.10 cents per kilo  
  watt hour and your unit is rated at 800 watts (or 0.8   
  kilowatt hour) and it takes 4 hours to produce one gallon   
  of water, your operating cost is 0.32 cents per gallon,   
  excluding purchase and maintenance costs.

 • Distillation efficiency decreases as the TDS of the water   
  increases.

 • Distillers can effectively reduce most or all    
  contaminants, including minerals, metals, organic   
  chemicals, and microorganisms from water.

 • Although minerals that can cause corrosion and scaling   
  are reduced during distillation, distilled (and RO) water is  
  very corrosive and should not be stored or transferred in   
  metal pipes.

 • Distillers vary from small, round units that distill less than  
  one quart of water per hour to rectangular carts that   
  distill about one-half gallon of water per hour.
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4.6  Ion Exchange - Water Softening

Ion exchange units that replace 
calcium and magnesium ions 
from water are known as water 
softeners. They may also remove 
varying amounts of other 
inorganic pollutants such as 
metals, but they will not remove 

organic chemicals, pathogens, particles, or radon gas. Water softener 
units work most efficiently with particulate-free water.
 
Principles of Ion Exchange to Soften Water 
Calcium and magnesium ions are atoms that have a positive 
electrical charge, as do sodium and potassium ions. Ions of the 
same charge can be exchanged. In the ion exchange process, a 
granular substance (usually a resin) that is coated with sodium or 
potassium ions comes into contact with water containing calcium 
and magnesium ions. Two positively charged sodium or potassium 
ions are exchanged (released into the water) for every calcium or 
magnesium ion that is held by the resin. This “exchange or trade” 
happens because sodium or potassium are loosely held by the resin. 
In this way, calcium and magnesium ions responsible for hardness 
are removed from the water, held by the resin, and replaced by 
sodium or potassium ions in the water. This process makes water 
“soft.” Eventually, a point is reached when very few sodium or 
potassium ions remain on the resin, thus no more calcium or 
magnesium ions can be removed from the incoming water. The 
resin at this point is said to be “exhausted” or “spent,” and must be 
“recharged” or “regenerated.”

Ion Exchange Unit Components
A water softener can be as simple as a tank to hold the exchange 
resin, together with appropriate piping for raw (inlet) and treated 
(outlet) water. Modern water softeners include a separate tank for 
the brine solutions used to regenerate the resin, additional valves to 
back-wash the resin, and switches for automatic operation. 

Plumbing Requirements
New homes are plumbed to accomodate water softeners. Plumbing 
old homes for soft water can be very expensive. Not all the water 
coming into a home needs treatment. If the water is classified as 
very hard (10.5 or more grains per gallon or 180 or more mg/L of 
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Water Facts: Home water soft-
eners are popular in Arizona be-
cause they reduce water hard-
ness associated with calcium 
and magnesium minerals.
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calcium carbonate), a house point of entry (POE) treatment may be 
needed. Otherwise, only the hot water supply should be treated to 
reduce formation of calcium deposits (scale) in the water heater and 
pipes.
Personal preference may also influence the decision to treat hot and 
cold supplies going to the laundry room, showers, and sinks. Toilets 
and outdoor faucets should not receive softened water. Softened 
and untreated water may also be “blended” to produce water with 
a lower hardness and to decrease the amount of water that must be 
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Unit Selection
The selection of a water softening unit depends on the hardness 
of the raw water and the amount of water to be softened. There 
are manual, automatic, semiautomatic, and fully automatic units 
that differ in the degree of resin regeneration automation. First, the 
number of fixtures in the home that will require softened water 
must be determined. Then, all the fixtures flow rates need to be 
added up. Note that conventional faucets use 3-5 gallons per minute 
(gpm) and conventional showers use 5-10 gpm. (Newer, water-
saving fixtures may use only half these amounts).
 

Operation and Maintenance
Maintenance of water softeners is largely confined to restocking the 
salt supply for the brine solution. Semiautomatic models require 
either a manual start of the regeneration cycle or regular service for 
a fee.
The resin should never wear out but if resins are not regenerated 
on a regular basis, at the proper intervals, they may become 
contaminated with slime or impurities and require replacement. 
Resins can also become clogged with tiny particles of iron if the raw 
water contains that mineral. Back-washing, that is, reversing the 
normal flow of water through the treatment unit, may be required to 
remove the iron. Alternately, special additives may be added to the 
brine to help minimize this condition.

Costs
The initial cost of water softeners depends on the total hardness of 
the water, the degree of desired automation, the volume of water 
to be treated, and other design factors. Retail prices range from 
approximately $300 for a one-tank system capable of removing 
12,000 grains before recharging, to more than $1000 for a two-tank 
system capable of removing 48,000 grains before recharging.
Operating costs depend on the frequency of resin regeneration. 
Only salt made specifically for ion exchange units should be used. 
This salt costs about $3.50 for a 40-pound bag. Electrical costs 
should be considered as part of operating expense for ion exchange 
units. Seek units that are energy efficient as expressed by their 
Energy Efficiency Rating (EER).
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Water Softener Facts:

  • An often overlooked environmental cost of water softening  
  systems is that they degrade the quality of reclaimed and  
  gray water by increasing water salinity (TDS). Remember,  
  most of the additional sodium or potassium that is used   
  in water softeners and the brackish water produced   
  during resin regeneration is discharged into the sewage or  
  gray water systems and, eventually, into the environment.

  • House and yard plants should not be irrigated with soft   
      water. This is due to its disproportionate ratio of sodium   
      or potassium to calcium and magnesium ions. In general,  
          water with a high sodium/calcium ratio has an adverse        
  effect on soils, and plants are more stressed because   
      soft water has a higher salinity and may lack calcium and  
  magnesium (necessary plant nutrients).

  • Soft water may not be as healthy to drink as hard water for  
  persons that are on a low sodium diet.

  • The taste of soft water may not be as pleasant as hard   
  water.

4
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4.7  Disinfection of Drinking Water

 
Drinking water should be free of pathogens that cause illnesses such 
as typhoid fever, dysentery, cholera, and gastroenteritis. Whether 
or not a person contracts these diseases from water depends on 
the type of pathogen, the number of organisms in the water, the 
strength of the organism (its virulence), the volume of water 
ingested, and the susceptibility of the individual. 
The purification of drinking water that contains pathogens 
requires a specific treatment called disinfection. Disinfection does 
not produce sterile water but it does lower the concentrations of 
pathogens to acceptable levels. Also, disinfected water is quickly 
contaminated with many types of benign heterotrophic bacteria 
that are ubiquitous (present everywhere) in the environment. 
These benign bacteria are regulated and listed in the NPDWS as 
Heterotrophic Plate Count HPC (see Table 3, Section 6.3).

Disinfection Requirements
Disinfection reduces pathogens 
in water to levels designated 
safe by public health standards. 
This prevents the transmission 
of diseases. Ideally, an effective 
disinfection system should kill 
or inactivate (render harmless) 
all pathogens in the water. It 
should be automatic, simple to 
maintain, safe, and inexpensive. 
The ideal system should treat all 
the water and provide residual 
(long-term) disinfection. 
Chemicals should be safe and 
easy to store and not make 
the water unpalatable. Thus, 
water supply operators must 

disinfect and, if necessary, filter the water to remove Giardia lamblia, 
Legionella, coliform bacteria, viruses and turbidity to meet USEPA 
mandated levels.
More than 30 million people in the United States rely on private 
wells for drinking water, and in Arizona there are over 93,000 wells 
(see Section 1.3).

Water Facts: State and federal 
governments require public wa-
ter systems to deliver water to 
homes with no harmful levels of 
pathogens. 

Water Facts: Private water 
sources, including wells, are vul-
nerable to contamination from 
septic fields, improper well con-
struction, and poor quality water 
sources. 4
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Chlorine Treatment
Chlorine readily reacts with 
many contaminants found in 
water and, in particular, with 
natural organic matter (NOM), 
microorganisms, and plant 
matter. These include natural 
organic chemicals associated 
with taste and odor. There 
are many types of chemical 
reactions between chlorine and 
water contaminants that raise 
the amount of chlorine needed 
to disinfect water (chlorine demand).  Additional chlorine may be 
added to provide continuous disinfection (residual). An ideal water 
disinfection system provides residual chlorine at a concentration of 
0.3-0.5 mg/L. DPD (diethyl phenylene diamine) is a common water 
color test used to measure chlorine breakpoint and residual levels. 
Good test kits must measure free chlorine, not total chlorine, in 
drinking water.

Water Facts: Although several 
disinfection methods can control 
pathogens in water, chlorination 
is the most common method of 
disinfection of public water sys-
tems. (see figure below). Chlo-
rination is very effective against 
many pathogenic bacteria; how-
ever, at normal dosage rates, it 
does not kill all viruses, cysts, or 
worms.

Typhoid fever deaths since the beginning of water chlorination in the US. Source: US 
Centers for Disease Control and Prevention, Summary of Notifiable Diseases, 1997.
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Chlorination Guidelines

  • Maintain a free chlorine residual of 0.3 0.5 mg/L after a   
  10-minute contact time. Measure the residual frequently.

  • Once the chlorine dosage is increased to meet greater   
  demand, do not decrease it.

  • Locate and eliminate the source of contamination to   
  avoid continuous chlorination. If a water source is   
  available that does not require disinfection, use it.

  • Keep records of pertinent information concerning the   
  chlorination system.

Water Chlorination Facts:
  • Add sufficient chlorine to the water to meet the chlorine  
  demand and provide residual disinfection so that water  
  remains safe during storage and/or delivery.

  • Disinfection using chlorine chemicals can produce  
  unwanted volatile organic chemicals called disinfection  
  by-products. The formation of these pollutants   
  during chlorine disinfection is tied to the presence of  
  NOM, type of chlorine treatment, and other water quality  
  variables.

  • The levels of disinfection by-products in public water  
  supplies are regulated under the NPDWS (see Table 3,  
  Section 6.3).

  • The contact time necessary to disinfect water varies  
  with chlorine concentration, the type of pathogens  
  present, pH, alkalinity, and temperature of the water.  
  Complete mixing of chlorine solution and water is  
  necessary and a holding tank is often needed to achieve  
  appropriate contact time.

Caution: Do not store chlorine-free water in containers or trapped 
in water lines for long periods of time as bacteria will grow in it.

4
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Types of Chlorine Used in Disinfection
Public water systems use chlorine in gaseous forms, which are 
considered too dangerous and expensive for home use. Private 
systems use liquid chlorine (sodium hypochlorite) or dry forms 
of chlorine (calcium hypochlorite). To avoid hardness deposits 
on equipment, manufacturers recommend using soft, distilled, or 
demineralized water when making up chlorine solutions.

Equipment for Continuous Chlorination
Continuous chlorination of a private water supply can be done 
by various methods: chlorine pump, suction device, aspirator, 
solid feed unit, and batch disinfection. The injection device should 
operate only when water is being pumped, and the water pump 
should shut off if the chlorinator fails or if the chlorine supply 
is depleted. Consult with a professional on equipment selection 
and tank requirements. For example, in a private well system, 
the minimum-size holding tank is determined by multiplying the 
capacity of the pump by a factor of 10. Thus, a 5 gallon-per-minute 
(gpm) pump requires a 50 gallon holding tank. Other methods to 
control contact time include the use of pressure tanks and coils.

Ultraviolet Radiation (UV)
This method uses a UV lamp (source) enclosed in a transparent 
protective hollow sleeve through which water flows. RNA/DNA-
damaging UV light is absorbed by bacteria and viruses, making 
them inactive and unable to reproduce. Class A UV systems are 

Chemicals for Home Chlorination Facts:

  • Household bleach is a common form of liquid chlorine;   
  available chlorine ranges from 5.25% (domestic laundry   
  bleach) to 18% (commercial laundry bleach).

  • Liquid chlorine solutions are unstable and only maintain   
  their strength for about one week. Protect such solutions  
  from sun, air, and heat.

  • Chlorine powder chemicals must be dissolved in water.   
  These solutions have an available chlorine content of   
  about 4% and require filtration.

  • Chlorine powder forms are stable when stored properly,   
  but are a fire hazard if stored near flammable materials.
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more effective at reducing pathogens than Class B units. Class B UV 
systems may be used at home to reduce the levels of heterotrophic 
bacteria present in tap water, although this many not necessarily 
make tap water safer. However, UV systems may provide an extra 
level of protection against pathogenic bacteria and protozoa. In 
summary, home UV Class B treatment systems are well suited to 
treat clean tap water with only residual levels of bacteria. Industrial 
grade UV Class A treatment units may also be used to kill or 
inactivate viruses, yeast, mold spores, and algae.
UV systems are simple and relatively maintenance free. However, 
their efficiency depends on several things: the design and energy of 
the UV chamber and source, the flow rate of the water, the amounts 
and types bacteria and other microorganisms present, and the 
clarity of the water. 
No chemicals are needed with this method of disinfection. But UV 
treatment provides no residual disinfection and it is not effective 
with cloudy or turbid water.

UV Systems Maintenance and Costs
UV lamp must be replaced annually (having a 9 month to 1 
year lifetime). The cost is approximately $80. A UV sensor is 
recommended to determine the UV dose needed to kill bacteria. The 
cost of a home UV disinfection system starts at around $500. 

Other Disinfection Methods

Although chlorination is the method of choice for most municipal 
and private water treatment systems, alternatives do exist (see box).

Emergency Disinfection
The use of household chemicals (such as bleach or iodine) to 
disinfect water without the appropriate equipment or technical 
supervision should only be considered under emergency situations. 
For a list of these chemicals and their safe use, see the EPA website: 
www.epa.gov/OGWDW/faq/emerg.html (for other EPA links, see 
Section 6.2).

4
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Portions of this text have been adapted from EPA7, and Wagenet and Lemley 

1988.

Other Disinfection Methods

Ozonation
  • ozone is a more powerful disinfectant than chlorine

  • its disadvantage is that it cannot be purchased but must   
  be generated on-site

  • the machinery to generate ozone is complicated and   
  difficult to maintain

  • the effects of ozonation chemical by-products are not   
  fully understood

 • like UV radiation, ozone treatment does not provide   
  residual disinfection.

Boiling

  • two minutes of vigorous boiling ensures biological   
  safety

  • boiling kills all organisms in water (whereas chlorination   
  reduces them to safe levels)

  • boiling is practical only as an emergency measure

  • once boiled, cooled water must be protected from re-  
  contamination

Pasteurization

  • pasteurization uses heat to disinfect but not boil water

  • flash pasteurization uses high temperature for short   
  time (160° F, 15 seconds)

  • low-temperature pasteurization uses lower    
  temperature for longer time (140° F, 10 minutes) W
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4.8  Other Treatment Methods

Bacteriostatic filters are activated carbon filters that also contain 
silver particles to help control bacterial growth inside the filter. 
However, their effectiveness is controversial. Silver may help 
contain, but not necessarily reduce, bacterial growth in activated 
carbon filters. The National Sanitation Foundation (NSF) lists and 
certifies some filter devices (and manufacturers) with “bacteriostatic 
effects.” However, their efficiency at controlling bacteria in tap 
water is not stated.
KDF (redox) filters are a new type of home water filtration device 
that may work as intended to reduce already low levels of bacteria, 
chlorine, some metals, and some types of organic pollutants from 
water. The effectiveness of this type of filter is also controversial. 
The NSF lists KDF filter media in its website. These filters should 
not be used for any other reason than to (possibly) improve water 
aesthetics (control taste, odors, or residual chlorine).

Ion Exchange Applied to the Removal of Other Ions
Organic resins can also be used to remove from water any type of 
ion besides calcium and magnesium (see Section 4.6). Ion exchange 
resins are commonly used as POU treatment devices to produce 
ultra pure (near completely demineralized) water in commercial 
and industrial laboratories. Usually, a water source with a very low 
TDS (less than 5 mg/L) is used. This usually requires pretreatment 
of the water source using a RO system.   Typically, a series of mixed 
bed [anionic (-) and cationic(+)] resins followed by activated carbon 
filtration (packed in cartridges) are used to “polish” the water to 
strict purity standards. However this approach is not practical, cost-
effective, or even necessary for home water treatment.
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Ion Exchange Facts:

  • Mixed-bed resins are quickly exhausted when tap water   
  is used because ions like sodium, calcium, chloride, and   
  sulfate (among others) quicky overwhelm and saturate   
  the resin sites.

  • Unlike water-softening resins, mixed-bed resins cannot   
  be regenerated at home and must be purchased new   
  when exhausted, or regenerated commercially. The   
  cost of each cartridge starts at over $100 and    
  varies upward depending on size.

  • The efficiency of removal of trace levels of pollutants   
  like cadmium, chromium, lead and many other    
  metal ions varies greatly and depends mostly    
  on the TDS of the water source. The higher the TDS, 
  the lower the efficiency of removal.

  • To maintain strict water quality, commercial laboratories   
  regularly test the purity of their water source with   
  sophisticated instruments.

Laboratory grade water deionizer system that uses four mixed-bed resins, and acti-
vated carbon and particle filters.
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4.9  Water Scams

Consumers may become victims of several types of water scams 
related to water testing, water treatment, bottled water, and 
health issues (quackery). Consumers can decrease their chance of 
becoming victims by staying well informed.

Water Testing Scams
These can best be avoided by having your water tested by an 
independent laboratory (Arizona certified) that uses state-of-the-art 
USEPA-approved methods (for web links, see Section 6.2). Avoid 
“free” home water tests. Sellers may claim that they are using “EPA-
registered” methods to test your water. This only means that they 
have registered their test with the USEPA; it does not mean that the 
USEPA has approved their test. It is very easy to make the color of 
water change with the addition of a drop of some chemical. Color 
changes do not necessarily mean that your water has a particular 
pollutant or excessive levels of pollutants.

Water Treatment Scams 
These can be relatively benign, for example, being sold a treatment 
device you do not need. They also can be “fraudulent” when 
consumers are sold a device that does not work as claimed. There 
are several devices that claim to control or eliminate scale formation 
and/or remove minerals from water. These include magnets 
(magnetic or electromagnetic), electronic devices, depressurizing 
devices, catalytic, oscillation, vibration, and light devices (other than 

Water Facts: To avoid water scams

  • evaluate any claim carefully (remember, if it seems too  
  good to be true, it probably is).

 • consider only widely accepted and scientifically proven  
  methods of water treatment.

  • avoid pseudo-scientific (unproven) methods.

  • be skeptical of testimonials from “satisfied” customers.

  • avoid impulse buying or pressure buying tactics.

  • report scams to local authorities and to the office of the  
  Arizona State Attorney General.
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ultraviolet; for a discussion of ultraviolet radiation, see Section 4.7). 
There is no scientific evidence that any of these devices reduce or 
remove salts, prevent scale formation, or perform any other type 
of useful home water treatment. Again, consumers may encounter 
home water treatment systems that claim to be “EPA-registered.” 
As with water testing, this does not mean that their system has been 
tested, approved, or endorsed for home use by the USEPA. The 
NSF certifies all water treatment technologies for the reduction of 
specific contaminants (including those previously discussed in this 
section), and it maintains a list of manufacturers that have tested 
and registered their home treatment devices with this organization 
(see Section 6.2). 

Bottled Water Scams 
These may be benign in nature, but they also can be costly over 
time (see discussion in Section 1.4). A notable scam claims that 
oxygenated or super-oxygenated water will provide all sorts of 
benefits from adding extra oxygen to your blood, changing the 
structure of water, “hydrating” you faster to “retarding” aging. 
Other bottled water scams may claim that “magnetized” or 
“ionized” water from remote glaciers or springs has numerous 
healing properties. None of these claims has any scientific evidence 
(visit the NSF website for descriptions of bottled water).

Portions of this text have been adapted from Hairston et al., 2003.

Glass of water with a twist of magnetism? 
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4.10   Selecting Water Treatment Devices

There are several types of water 
problems than can occur in 
water supplies. A complete 
listing of water problems, 
including, water appearance, 
water tests and possible sources 
of contamination can be found 
in Table 4 of Section 6.3.

There are two primary categories of home water treatment devices: 
point of entry (POE) and point of use (POU). The effectiveness of 
these devices will vary depending on the quality of the water source 
and consumer need.
If more than one water quality problem exists, choosing a treatment 
device can be especially confusing and complicated. Well owners, 
for example, sometimes can eliminate two problems with one 
treatment. Occasionally, one treatment can create another problem. 
For example, it may be impractical to install a distiller to remove 
lead from your drinking water if your water is corrosive and 
continues to remove lead from the household piping system. 
Similarly, a reverse osmosis unit will not work efficiently if the 
water also contains particulates or if the water is very hard, as these 
can clog the membrane filter.
The following guidelines for water treatment are based on the fact 
that it is practical and efficient to treat some water quality problems 
before others. For instance, turbidity, acidity, hardness, and iron 
have to be controlled before activated carbon filters, reverse 
osmosis, or distillation units will operate efficiently. See also the 
table at the end of this section for a summary of water treatment 
options presented below.

Treatment Options for Users of Public Water Supplies

Common Arizona Water Quality Issues

 • Hardness: symptoms  include excessive  scale deposits   
          and stains in showers, toilet bowls, and faucet ends; 
  early appliance  failures; and poor swamp cooler  
  performance. Excessive hard water may be controlled   
  using a water softener. The treatment device can be
  either POE or POU. Note: New homes are often    
       plumbed to provide soft water to the kitchen and   
  laundry room.

Water Facts: When considering 
home water treatment, inform 
yourself and consult with water 
treatment professionals at repu-
table dealership(s) to determine 
the best treatment approach for 
your particular problem(s).
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 • Salinity/high TDS: symptoms include excessive
  staining in showers and aluminum cookware, and   
  houseplants that are stunted or have burned leaf
   tips. Excessive salinity in water may be reduced or   
  eliminated by using either a reverse osmosis or 
  a distillation unit. The treatment device should be POU.   
      Note: High salinity is often associated with high
  alkalinity and hardness.
 •  Taste and smell: symptoms include a chlorine-like   
  taste and smell, and earthy or musty smells due to the   
  presence of residual chlorine and disinfection    
  by-products. Odorous chemicals produced by soil 
  bacteria can be controlled with an activated charcoal   
  filter. The treatment device should be POU. 
 • Arsenic, nitrate, lead and other inorganic pollutants: the  
  levels of these pollutants may be further reduced using   
  reverse osmosis or distillation systems. Treatment devices  
  should be POU.
 • Volatile organic chemicals, including disinfection by-  
  products, certain pesticides, and gasoline products:   
  symptoms include a chlorine-like smell and taste.
   Use an activated carbon filter to reduce these smells. The  
  treatment device should be POU. Note: While the smell   
  of disinfection-related chemicals is common, the 
  presence of other smells in your tap water should be   
  reported immediately to your water provider.
 •  Radon gas: this gas is colorless and odorless, and its   
     levels in tap water are regulated and controlled by 
  water providers with aeration. Some activated carbon 
  filters have been found to reduce further radon    
  in tap water. The treatment device should be POU.

Treatment Options for Users of Private Water Supplies

Treatments Listed in Order of Priority

 • Turbidity: symptoms include cloudiness (a yellow,   
  brownish, or black cast) that clears after standing for 
  24 hours. Turbidity is due to the presence of sediments   
  (including fine sand, silt, and clay particles) as well
  as insoluble iron and manganese particles. To treat, use   
  flocculation and sedimentation or particle and micro   
  filtration. Your choice will depend of the volume of water to
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   be treated and the amount of materials present. Note:   
  Surface water sources are usually contaminated with   
  cystic pathogens. This makes sedimentation or particle   
  filtration a necessary first step. 
 •  Hydrogen sulfide and soluble iron and manganese:   
  symptoms include a rotten egg odor and the evident   
  presence of stain-causing chemicals. Also, after standing
   for 24 hours, brownish/black sediments are observed   
  at the bottom of a glass. This suggests an acidic, oxygen-  
  starved water source. To remove these chemicals,   
  water must be oxidized  using aeration, chlorination,   
  and/or an oxidizing filter, followed by particle    
  sedimentation or filtration. Water sources rich in         
  these chemicals tend have high acidity (low pH)    
  upon treatment. They may also require acidity control   
  (see below). Treatment devices should be POE.
 •  Color-high natural organic matter (NOM): symptoms   
  include a transparent yellowish-brown tone that    
  does not clear after standing for 24 hours. Normally   
  associated with surface water sources, it indicates   
  the presence of high levels of dissolved NOM.    
  Small concentrations and water volumes can be controlled  
  with activated carbon filtration. Chlorination may also   
  destroy NOM and should be followed by activated carbon  
  filtration to remove residual disinfection by-products.   
  Flocculation is used by water utilities to removed   
  NOM from water sources. 
 •  Acidity: symptoms include green stains, pH levels below  
  6.0, and metallic taste (high copper and zinc content). It may 
  be treated using acid neutralizing filters or by the addition  
  (feeding) of alkaline chemicals such as lime. Treatment   
  devices should be POE.
 •  Alkalinity: symptoms include high measured value, high  
  pH (more than 8.4), and high sodium. This may be reduced  
  with the addition of acid chemicals. Reverse osmosis or   
  distillation systems also may be used to reduce or eliminate  
  water alkalinity. If alkalinity is associated with excessive   
  scale formation, the treatment device should be POE. 
  Note: Water softeners will not reduce alkalinity.
 •  Corrosion: symptoms include blackened or tarnished metal  
  utensils and pipes due to high chloride and sulfate levels  
  and/or to high water acidity and hydrogen sulfide.   
  This problem must be controlled with POE devices   
  (see above for treatments that lower salinity).
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 •  Pathogens: symptoms include mild to severe   
  gastrointestinal problems including diarrhea and   
  vomiting. Once particles have been removed (see   
   turbidity above), chlorination, UV radiation, or   
  ozonation may be used to disinfect your water source.   
  Storage and transfer of water will require residual   
        chlorination not provided with UV radiation or   
  ozonation treatments. Residual chlorination is necessary   
  to store or transfer drinking water in potentially   
        contaminated places like water pipes and large water   
  storage tanks.  Chemicals used to disinfect water may  be  
  added in  excess to maintain  residual chlorine levels.   
  Chloramine chemicals may also be added after        
  chlorination is completed in order to maintain           
  acceptable chlorine residual levels. Disinfection should 
  be done with POE devices.
 • Hardness: see above.
 •  Salinity: see above.
 •  Volatile organic chemicals, including disinfection by-  
  products, certain pesticides, and gasoline products: see   
  above.
 •  Radon gas: see above.
 •  Arsenic, nitrate, lead and other inorganic pollutants:   
  see above.
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Symptom Cause Treatment devices

Visual 
(Water 
appearance)

Cloudiness of water with a 
yellow, brown or black cast 
that clears after standing 
24 hours

*Turbidity Flocculation and sedimentation 
or particle and microfiltration (POE)

Transparent yellow-brown 
tint to water that doesn’t 
clear after standing 24 
hours

*High levels of 
natural organic 
matter (NOM), 
usually in surface 
water

Activated carbon filtration or chlorination 
followed by activated carbon filtration

Water utilities use flocculation to remove 
NOM.

Brown-orange stains or 
reddish slime or tint to 
water

Presence of 
dissolved iron and 
iron bacteria

Low amounts: reduce with particle filter 
or during reverse osmosis or distillation 
treatments (POE or POU)
High amounts: remove by potassium 
permanganate-regenerated oxidizing filter 
and particle filter (POE)
Very high amounts: remove by chlorination 
followed by particle filter (POE)
Consider well and distribution/storage shock 
chlorination to kill iron bacteria.

Brownish color or rusty 
sediment

Suspended iron 
and manganese 
particles

Particle filter (POE)

Visual
(Staining and 
deposits)

Blackened or tarnished 
metal utensils and pipes

High chloride and 
sulfate levels 

Reverse osmosis unit (POE) or distillation 
unit (POU) 

Blackened or tarnished 
metal utensils and pipes

High water acidity 
and high hydrogen 
sulfide

Acid-neutralizing filters (calcite or calcite/
magnesium oxide) (POE) or addition of 
alkaline chemicals such as lime

Stains in showers, toilet 
bowls, and faucet ends

*Hardness Water softener (POE or POU)

Excessive staining in 
showers and aluminum 
cookware

*Salinity Reverse osmosis unit or distillation unit 
(POU)

Green water stains Acidity Acid neutralizing filters (POE) or addition of 
alkaline chemicals such as lime 

Soap deposits or excessive 
scaly deposits in plumbing 
and appliances

*Hardness Water softener or reverse osmosis or 
distillation (POE or POU)

Excessive salt deposits Alkalinity (high pH 
and sodium)

Reverse osmosis or distillation systems 
(POE)
Consider acid neutralization of excessive 
alkalinity

Other visual Houseplants stunted or 
with burned leaf tips

*Salinity Reverse osmosis unit or distillation unit 
(POU)

Water Problems: Symptoms, Tests, and Possible Sources 
(* indicates a common Arizona water quality issue) 
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Symptom Cause Treatment devices

Taste Taste of chlorine, gasoline, 
or oil

VOCs, including 
residual chlorine, 
disinfection 
byproducts, 
pesticides, or fuel 
(gasoline, diesel, 
oil products)

Activated charcoal filter or aeration (POE)

Metallic taste Acidity Acid neutralizing filters (POE) or addition of 
alkaline chemicals such as lime

Salty or bitter taste *High total 
dissolved solids, 
sodium, sulfates, 
or nitrates 
(salinity) 

Reverse osmosis or distillation (POU)

Smell Chlorine-like smell *VOCs, including 
residual chlorine, 
disinfection 
byproducts, 
pesticides, 
gasoline products

Activated charcoal filter or aeration (POU)

Gasoline-like smell Gasoline, diesel, 
oil products

Activated charcoal filter or aeration (POU)

Earthy, musty, or chemical 
smell

Algae products 
(geos-min and 
MIB)

Activated charcoal filter (POU)

Rotten egg odor Excessive acidity, 
lack of oxygen 
in water source, 
or contamination 
by hydrogen 
sulfide gas 
(occurs naturally 
in aquifers and 
sediments)

Oxidation of water during aeration (POE) 
or chlorination and a particle filter (POE) 
or oxidizing filter (POE) followed by an 
activated carbon filter

Acidity control may also be needed.

Illness Gastrointestinal problems 
such as diarrhea and 
vomiting

Pathogens Remove source of contamination. Reduce 
pathogens through chlorination, UV 
radiation, or ozonation (POE). Chloramine 
chemicals may be used after chlorination is 
completed in order to maintain acceptable 
chlorine residual levels.

Appliance/
hardware 
problems

Early applicance failure *Hardness Water softener (POE or POU)

Poor evaporative cooler 
performance

Build-up of scale 
on pads (high 
hardness, high 
salinity)

Use bleed-off mechanism to prevent build-
up of salts and minerals (more information 
on Water Conservation website)

Blackened/tarnished metal 
utensils and pipes

High chloride 
levels

Reverse osmosis unit or distillation unit 
(POU)

Blackened/tarnished metal 
utensils and pipes

High water acidity 
and high hydrogen 
sulfide

Acid-neutralizing filters (POE) or addition of 
alkaline chemicals such as lime
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4.11  Questions to Ask When Purchasing
Water Treatment Equipment

In the past, the home water treatment industry focused on 
improving the aesthetic quality of drinking water. New products for 
home treatment claim to further reduce or eliminate contaminants 
in drinking water that may pose a health hazard. Product 
manufacturers now promise to make your drinking water “safe,” 
“pure,” and “contaminant free.” Consequently, consumers are left 
to sift through advertising claims and technical data as they try  to 
select the appropriate treatment method(s) best suited to address 
their water needs. 

Before purchasing a home water treatment system, the consumer 
should ask the following questions (or use them as guidelines). The 
extent to which a manufacturer or distributor is willing to provide 
answers can help the consumer make an informed choice.

Water Facts and Reminders:

  • All water sources contain minerals and some    
  contaminants. If a water source meets the standards   
  set by the USEPA, NPDWS, and NSDWS, it is    
  considered safe to drink.

  • No water treatment device can completely eliminate all   
  minerals and all contaminants from water all of the time. 

  • Proven treatments, if properly operated and maintained,   
  can reduce contaminants below NSDWS and/or NPDWS  
  levels.

  • Before buying a home water treatment device, know the   
  quality of your water source and decide
   a) which contaminants you want reduced,
   b) to what level, and
   c) how much treated water you need every day.

  • Home water treatment devices can break down and, if   
  misused, can contaminate your drinking water. 

  • Home treatment devices require regular use and periodic  
  maintenance. They are not “install and forget” devices.
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Questions

 ✓ What exactly does your analysis of the water show? Are  
 health hazards indicated? Which ones? Ask for specifics.  
 Should more testing be done?
 Many water treatment companies include free in-home   
 testing of the water. Most contaminants cannot be evaluated  
 this way. For example, organic chemicals and trace metals,  
 which have been associated with serious health problems,  
 must be analyzed in a laboratory with sophisticated   
       equipment. You should be wary of home analyses claiming  
 to determine more than basic water quality constituents   
 such as TDS, hardness, pH, iron, and hydrogen sulfide. It is  
 best to rely on water testing done by an  independent   
 laboratory.

✓ Have the product and the manufacturer been rated by   
 the National Sanitation Foundation (NSF) or other third  
 party organizations? 

✓ Was the product tested (1) for the specific contaminant   
 (or group) in question, (2) over the advertised life of the  
 treatment device (with more than 1 gallon of water),   
 and (3) under household conditions (including local tap  
 water quality, actual flow rates, and pressures)?

✓ What is the performance value (removal efficiency and   
 water purity) of this device? And who guarantees the   
 performance and for how long ?

 The NSF, whose function is similar to the Underwriter’s   
 Laboratory for electrical and electronic products,   
 sets performance standards for water treatment devices.   
 Because companies can make unsubstantiated statements  
 regarding product effectiveness, you must evaluate test   
 results of the device to determine if claims are    
 realistic. Keep in mind that the water treatment system you  
 are evaluating may have components that    
 are NSF approved, but that the entire system may not have  
 been evaluated (for more information about NSF, contact  
 them at 800-NSF-MARK or at www.nsf.org; for other   
 valuable links, see Section 6.2).

 ✓ Does the water quality problem, as determined by a   
 certified laboratory analysis, require whole-house   
 treatment? Or, will a single-tap (POU) device be   
 adequate?
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 Although less than 1% of tap water is used for drinking and  
 cooking, some contaminants are as hazardous when inhaled  
 or absorbed through the skin as when ingested. Treatment  
 of all the water used in the household may be required.   
 Reverse osmosis and distillation units are connected   
 to a single tap; activated carbon devices can be installed   
 on a single tap or where water enters the house. The   
 device selected depends upon the type and level of the  
 contaminant in question. Remember to use a state certified  
 laboratory for your analysis. Contact the ADHS Bureau   
 of State Laboratory Services at 602-255-3454 for a   
 list of certified laboratories in Arizona (see also Section 6.2).

✓ Will the unit produce enough treated water daily to   
 accommodate household usage? 

✓ If a filter or membrane is involved, how often does it need  
 to be changed, back-flushed, or regenerated? How does  
 one know when to do it? 

✓ Besides maintaining filters and membranes, are any other  
 types of maintenance needed? How often? Who does it?  
 What does it cost?

 Be sure that enough treated water will be produced for   
 everyday use. The maximum flow rate should be sufficient  
 for the peak home use rate. All proven home treatment   
 devices such as activated carbon units, reverse osmosis   
 units, and iron filters need routine maintenance. You   
 should be fully informed of all maintenance requirements.

 ✓ What is the total purchase price plus the expected   
 maintenance costs (monthly/annual) of the device? 

 ✓ Will the company selling the device also install and   
 service it, and will there be a fee for labor? 

 ✓ Can you perform maintenance tasks, or must a water   
 treatment professional be involved? 

 ✓ Will the unit substantially increase water and/or electrical  
 usage in your home?

 Watch out for hidden costs such as separate installation   
 fees, monthly maintenance fees, or equipment rental fees.  
 Additionally, the disposal of waste materials (such as   
 reject water, spent cartridges from activated carbon   
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 units, and used filters) can add to the cost of water   
 treatment and should be figured into the purchase   
 price. Some devices can be installed by the homeowner.

✓ Is there an alarm or indicator light on the device to alert  
 you to a malfunction? 

 Many units have backup systems or shutoff functions to   
 prevent you from consuming untreated water. 

 ✓ Will the manufacturer include in the purchase price a   
 retesting of the water after a month or two?

 Testing the water a month after the device is installed   
 will assure you that the unit is accomplishing the intended  
 treatment. Remember, testing for specific contaminants   
 can be very expensive.

 ✓ What is the expected lifetime of the product? What is the  
 length of the warranty period? What does the warranty  
 cover?

 The warranty may cover only certain parts of a device, so  
  you should be aware of the warranty conditions.

Are you sure this is the right water filter for me? 
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Final Remarks

These guidelines are directed at individuals who are planning 
to consult a water treatment industry representative or who are 
planning to do their own research into water treatment devices. 
Be aware that treatment can be for aesthetic as well as for health 
factors. If drinking water poses a health risk, you should also 
consider the cost of purchasing bottled water as an alternative to 
treatment. 
Monetary compensation for treatment of problem water resulting 
from environmental contamination may be possible. Contact the 
Arizona Department of Environment Quality (1-800-234-5677) for 
more information concerning this option. 

 

Portions of this text have been adapted from Wagenet and Lemley, 1989b.
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5. Glossary

   A

Acid neutralizing filters are used to reduce water acidity. They 
contain some form of crushed calcite or other carbonate-based 
mineral. Like all filters, they must be replaced periodically.
Acidity is the total amount of acid and acid forming substances in 
water. See also pH.
Acre-foot equals 1 acre area filled with 1 foot of water. This volume 
of water is approximately 325,851 gallons or 1.24 million liters. 
ADEQ (the Arizona Department of Environmental Quality) 
administers all of Arizona’s EPA programs and regulates public 
water systems that have at least 15 service connections or serve 25 
people.
ADWR (the Arizona Department of Water Resources) has 
established five Active Management Areas (AMAs) to manage and 
balance the availability of groundwater resources until 2025.
Aeration or air stripping is a water treatment process that uses 
forced air to remove volatile contaminants from water.
Aggressive water refers to low (TDS) mineral or mineral-free 
water. It easily dissolves minerals from pipes including scale 
deposits and metal pipes. Aggressive water is also corrosive. 
Only plastic piping and containers are recommended to transport 
mineral-free water.
Alkalinity is the total amount of bicarbonate and carbonate ions 
present in water, reported in mg/L of calcium carbonate (CaCO3). 
Water alkalinity helps protect (buffers) against abrupt pH changes, 
limiting its range to between 7.5 and 8.5. Alkalinity and hardness 
also control pipe scale formation. There is no drinking water 
standard for alkalinity.
AMAs or Active Management Areas are set by the ADWR to 
manage and balance groundwater resources in Arizona. 
Anions are negatively charged ions. Examples: chloride and 
sulfate.
Aquifers are bodies of porous and permeable geologic material that 
can contain and transfer groundwater.
Arid climates (as in Arizona) average less than 12 inches of rainfall 
per year. The high heat and low humidity of these climates can 
evaporate more than 100 inches of water per year from exposed 
containers. 
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    B

Benzene is a volatile organic chemical used as an industrial solvent 
and is a major component of gasoline.
BDL (below detection limits) is a term used in laboratory reports to 
indicate non-detected contaminants.

   C

Calcite is a very common mineral composed of calcium and 
carbonate ions (CaCO3).
CAP (the Central Arizona Project) is a 350-mile canal from Parker 
Dam (near Lake Havasu) that brings Colorado River water to 
southwest Arizona cities (Phoenix and Tucson). CAP water is a 
blend of Colorado River water stored in Lake Havasu and water 
from Lake Pleasant (located north of Phoenix). 
Carbonated water contains carbon dioxide gas (CO2) under 
pressure. This water, like soda pop, usually has an acid pH between 
2-3, and is regulated by the FDA.
Cations are positively charged ions. Examples are sodium and 
calcium.
Chemical characteristics of atoms or molecules include size, 
boiling point, (see volatile), and solubility in water.
Chemicals are any matter composed of known chemical elements 
such as hydrogen, carbon, nitrogen, etc... listed in the periodic table 
of elements. 
Chloramine chemicals are chlorine- and ammonia-based 
chemicals used for long-term residual disinfection of potable water. 
Chloramines are very effective at controlling bacterial and algal 
growth in water; however, they also are very toxic to fish.
Chlorination see section 4.7.
Chlorine see section 4.7. 
Chlorine breakpoint is the point at which residual chlorine is 
available for continuous disinfection. 
Coliform bacteria (see Table 2, Section 6.3). Routine water testing 
for coliform bacteria is used as an indicator of animal or human 
fecal contamination. Positive results may indicate the presence of 
pathogens such as bacteria, viruses, and parasites (present in surface 
waters only) in the water.

G
lo

ss
ar

y

5



81

Colloidal materials are very fine particles like clay minerals that 
stay in suspension in water for very long periods and make water 
cloudy.
Contact time in chlorination is that period between the introduction 
of chlorine to the water and when the water is safe to drink (the 
necessary time for needed to effectively disinfect the water).
Contaminants are foreign substances (such as chemical, microbe, 
or plant and/or mineral particulate matter) found in water. 
Contaminants may or may not be harmful to human health.
Corrosion in metal pipelines occurs spontaneously by the presence 
of oxygen in water. Pipe corrosion is accelerated by corrosive water, 
high TDS, low (acidic) pH, low alkalinity, and high concentrations 
of chloride and sulfate ions. Iron metal pipes corrode the most, 
followed by zinc (galvanized iron) and copper metal pipes. Modern 
plastic pipes used in home construction do not corrode.  

   D

Density is mass (weight) divided by volume. The density of pure 
water at 4° C (39.2º F) is 1.000 grams per cubic centimeter (cm3) or 
8.35 pounds per gallon.
Detection is the testing or measurement of contaminants. It is 
common to detect contaminants at concentrations below the MCLs 
(see Tables 1-3, Section 6.3). This does not necessarily make the 
water unsafe to drink.
Detection limit of a chemical is a value below which measurement 
or detection is not possible. Laboratories report pollutants not 
detected as being below detection limits (BDL).
Disinfection of potable water to kill or inactivate pathogens is 
commonly done by public water systems with chlorine chemicals 
and ozone (O3) gas. These include chlorine gas (most common), 
chloramines, and chlorine dioxide gas. Residual chlorine is added to 
prevent pathogen recontamination, (usually 0.1 to 0.4 mg/L chlorine 
or chloramines is needed in potable water that is delivered through 
the distribution system to homes). The use of these chemicals at 
home is not recommended or allowed. However, safe disinfection 
systems are available for home use (see Section 4.7).
Disinfection by-products are organic chemicals such as chloroform 
that can form during water disinfection using chlorine-based 
chemicals. Their concentrations are regulated under the NPDWS 
(see Table 3, Section 6.3).
Dissolution of minerals in water means that water separates and 
surrounds each mineral component (atoms or molecules) and holds 
them in solution.

G
lo

ssary

5



82

Dolomite is a common mineral composed of calcium, magnesium, 
and carbonate ions (CaMg[CO3]2).

   E

EER (Energy Efficiency Rating) is an important consideration when 
purchasing water softening systems.
Emerging contaminants are newly recognized contaminants that 
require USEPA evaluation (see also contaminants, disinfection by-
products, and endocrine disruptors).
Endocrine disruptors are a class of water pollutants that affect the 
human endocrine system. These include pesticides and emerging 
contaminants like pharmaceuticals and surfactants. 
EPA – The U.S. Environmental Protection Agency.

   F

FDA – The Federal Food and Drug Administration.
Flash pasteurization (see pasteurization).
Flocculation is usually done before sedimentation. It involves the 
addition of flocculants and coagulants (chemicals) to form large  
particles (aggregates) from the fine solids suspended in water so 
they can settle quickly or be filtered faster.
Free chlorine portion of total chlorine available for disnfection.
Fresh water usually contains less than 500 mg/L TDS.

   G

gpm or gallons of water per minute (one gallon = 3.8 liters).
Grain is a mass unit commonly used in water treatment. One grain 
is about 0.065 grams. 
Gray water is home water collected only from showers, sinks, and 
laundry, and used for home landscape irrigation (see Little 2002).
Groundwater (or ground water) is stored below the earth’s surface 
inside the pores (void space) of geologic materials called aquifers. 
Groundwater may be fresh or saline.
Gypsum is a common mineral composed of calcium and sulfate 
ions and water (CaSO4.2H2O).
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   H

Hardness is the total amount of calcium and magnesium ions 
found in water. Hard water affects detergents (by limiting suds 
formation). Scale formation in pipes is accelerated with hard water. 
Some scale formation is desirable to protect pipes from corrosion. 
Excessive scaling clogs pipes and can shorten the life of home 
appliances. There is no drinking water standard for hardness, and it 
is usually reported in mg/L of calcite (Table 3, Section 6.3 provides a 
ranking of water by the USGS).
Hydrogen sulfide  is a toxic, rotten egg-smelling gas that occurs 
naturally in aquifers and sediments.

    I

IBWA – International Bottled Water Association
Inorganic contaminants

Ions are chemicals (atoms or molecules) with positive (+) [called 
cations] or negative (-) [called anions] charges. Common ions found 
in fresh water include: sodium (Na+), calcium (Ca++), magnesium 
(Mg++), potassium (K+), chloride (Cl-), sulfate (SO4

=), carbonates 
(HCO3

-, CO3
=) and nitrate (NO3

-).

   L

Low-temperature pasteurization (see pasteurization).

  M

MCL is the maximum contaminant level or maximum concentration 
of a contaminant allowed in drinking water. 
mg/L refers to milligrams per liter or parts (of a chemical) per 
million (ppm). Note that the units of most chemicals in the NDWS 
listed in the Appendix tables are in mg/L.
Microorganisms  are organic carbon based organisms that are not 
visible with the naked eye, these include bacteria and viruses.
Mineral water is water with more than 250 mg/L TDS.
Minerals are natural crystalline materials found in rocks (such as 
granite, marble, and sandstone) and soils (as sand silt and clays). 
Minerals are composed of chemical elements like oxygen, silicon, 
aluminum, iron, and many other elements including those listed in 
under ions.
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  N

NOM is natural organic matter (mostly from plant and animal 
tissue decay) present most often in surface water sources and 
contaminated groundwater. Colored water usually has high 
concentrations of NOM.
Non-renewable fresh water sources are used at a rate that exceeds 
recharge. Groundwater is a non-renewable source of fresh water.
NPDWS – National Primary Drinking Water Standards. See section 
3.2
NSDWS – National Secondary Drinking Water Standards. See 
section 3.1
NSF – The National Sanitation Foundation. See section 6.2

   O

Organic chemicals or contaminants refer to carbon-based 
compounds, including pesticides and oil-derived products (fuels, 
plastics, and solvents). This should not be confused with the 
popular use of “organic” food, meaning “food grown without 
pesticides.”
Overdraft means groundwater pumping in excess of recharge.
Oxidizing filters can reduce both ferric (yellow cloudy) and ferrous 
(green clear) iron, manganese, and hydrogen sulfide gas from well 
waters. Note that oxidizing filters require periodic back-washing to 
flush particulates and restore flow and regeneration with potassium 
permanganate to restore oxidizing properties.
Ozonation is the use of ozone gas to disinfect water.

   P

Particle filtration removes particulates from water, including soil 
minerals (such as sand, silt, and clay), asbestos, sediments, plant 
matter, and parasitic pathogens.
Pasteurization is the use of heat to disinfect liquids such as milk or 
water. Flash pasteurization uses a high temperature for a short time 
(160° F, 15 seconds). Low-temperature pasteurization uses a lower 
temperature for a longer time (140° F, 10 minutes).
Pathogens (technical term) or germs (popular term) are 
microorganisms that produce diseases. Common pathogens 
regulated in drinking water include bacteria (such as Salmonella) 
and protozoan parasites (such as Giardia and Cryptosporidium). 
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Other pathogens (such as enteric [intestinal] viruses) are controlled 
in drinking water and associated with turbidity (see Table 2, Section 
6.3). Note that water sources are commonly tested for the possible 
presence of pathogens by measuring total coliform bacteria.
Perchlorate is found in rocket fuel and explosives, and it has been 
found in both the groundwater and surface water of several states 
(see also “emerging” contaminants).
pH values range from 1–14 units. Water with a pH of 7 is neutral, 
below 7 is acidic, and above is basic (usually alkaline). Most water 
sources in AZ have a basic pH (7–8.5) due to their natural alkalinity.
POE (point of entry) is a device that treats all or most of the water 
entering the home.
Pollutants are unwanted contaminants and pathogens of 
anthropogenic origin that can be found in water, soil and air. 
Pollutants are chemicals and organisms that have been associated 
with adverse environmental and health effects.
Potable water is water considered safe to drink. 
POU (point of use) is a device that treats water at a particular tap 
source.
ppm unit defines parts per million: one gram (gr) of a chemical in 
a million grams of water is similar to 1 gr/metric ton of water or 1 
mg/L of water.
Precipitation of a mineral is the opposite of dissolution. That is, the 
mineral crystallizes and forms a solid again.
Public water systems include municipal water companies, 
homeowner associations, schools, and other provides of water for 
use by at least 15 persons or 15 connections (see EPA1, Section 6.1). 
Pure implies that water contains no measurable or detectable (see 
detection) contaminants (minerals or pollutants) of any kind.
Purified water is a vague and misused term subject to 
misinterpretation. Webster’s definition: “made pure.” However, 
it usually implies that level of contaminants (salts, metals, etc.) 
have been reduced, but not completely eliminated. The NSF 
website defines it as “A type of water which has been produced 
by distillation, deionization, reverse osmosis, or other suitable 
processes. Purified water may also be referred to as ‘demineralized 
water.’ It meets the definition of ‘purified water’ in the United States 
Pharmacopoeia.” 
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 R

Radon is a radioactive gas that may be present in groundwater 
sources that come into contact with uranium-rich minerals (see 
Table 2, Section 6.3).
Recharge of aquifers often occurs from seepage of water from the 
earth’s surface soil and from surface water sources such as lakes, 
rivers, streams, and reservoirs.
Reclaimed water comes from sewage that is processed using 
physical, biological, and chemical treatments at a sewage treatment 
plant.
Renewable water resources are constantly being replenished by 
natural water cycles.
Reservoirs of fresh water are formed behind river dams. They 
provide a steady supply of water by controlling river flows and 
storing water during dry periods.
Residual disinfection (see disinfection).
Resin substances are synthetic chemicals in the form of small 
beads (sand size) that are capable or holding and exchanging 
large amounts of ions on their surfaces. Natural materials with ion 
exchange properties include clay and zeolite minerals.
Reverse osmosis (RO), see section 4.4.
Risk assessment is a scientific process that estimates the chances 
of getting a disease (for example, diarrhea or cancer) from drinking 
water with a contaminant at a given concentration. The estimated 
risks from drinking water usually assume that the average adult 
drinks about 2 liters (about .5 gallons) of water a day over a 70-year 
lifespan.

  S

Salinity  is a measure of the quantity of dissolved salts (minerals) in 
water. See also TDS.
Saline water exceeds 1,000 mg/L TDS or salts. This means that it 
contains 0.1% total salts or about 2/3 teaspoons (tsp.) per gallon. 
Moderate and highly saline waters (seawater) contain from 3,000 to 
35,000 mg/L of salts (0.3 to 3.5% total salts). Moderately saline water 
is often referred to as brackish or briny. 
Scale (hard residues) coats the inside of water pipes and appli-
ances and is the result of the precipitation of minerals composed of 
calcium and magnesium carbonates. Hot water helps form scale. 
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SDWA – Safe Drinking Water Act, see section 1.
Seawater, on average, contains 35 grams per liter (1.13 ounces Troy 
of salts per gallon) of TDS. About 85% (30 grams) of the total salts in 
seawater are sodium chloride (table salt).
Sedimentation or clarification is a particle filtration process that 
requires special chemicals (called flocculants and coagulants) and 
water holding tanks. This filtration process is complex and expen-
sive, and it is used to treat large volumes of surface water high in 
sediments and soil particles like silt and clay. 
Seepage means percolation through the voids of soil and sediment 
materials. 
Shock-chlorination is the circulation of a strong chlorine-based 
(bleach) solution through the well casing and house plumbing (see 
Hassinger et al. 1994; see also disinfection).
Soft water contains mostly sodium or potassium ions. Hard water 
can be “softened” by replacing calcium and magnesium for sodium 
or potassium ions using a water softener system. Water naturally 
low in TDS is also called soft water.
Solubility describes the amount of a chemical or mineral that can be 
dissolved in water (see also dissolution).
Sparkling water is naturally carbonated water.
Sublimation is the evaporation of water directly from ice.
Subsidence is the sinking or downward settling of the land sur-
face that can be associated with groundwater pumping. It causes 
damage to roads, buildings, utility infrastructure, and other under-
ground infrastructure.
Surface water sources include both fresh (rivers, lakes, and 
streams) and saline (some lakes, seas, and oceans) sources.
Suspended minerals (such as silt and clay particles) and plant resi-
dues make water cloudy. These particles are not dissolved and can 
be filtered out of water using a particle filter or sedimentation. 

   T

Table salt is a mineral composed of sodium and chloride ions.
TCE (trichloroethylene) is the abbreviation is a volatile industrial 
solvent  notorious for industrial groundwater contamination.
TDS (total dissolved solids) values are in milligrams (mg) per liter 
(L) (mg/L) or parts per million (ppm). For example, a TDS of 500 
mg/L (or 500 ppm) is equal to 0.5 gr/L or about 1/3 tsp per gallon 
of water.
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Turbidity  is a measure of the amount of suspended solids 
(particles) in the water. 

   U

USEPA –  The U.S. Environmental Protection Agency, see section 
6.2.
USGS – The U.S. Geological Survey, see section 6.2.

   V

Variances allow the use of an alternative water treatment 
technology to meet a water standard.  EPA approved.
VOCs are volatile organic chemicals such as chloroform, TEC and 
benzene.
Volatile is a characteristic of organic chemicals that have boiling 
points lower than water. These include gasoline products, industrial 
solvents, and water disinfection by-products. Volatile organic 
chemicals are commonly abbreviated as VOCs.

  W

WHO – The World Health Organization, see section 6.2.
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6.2  Website Links

Various Agencies

ADEQ: Arizona Department of Environmental Quality. www.azdeq.
gov/environ/water/index.html
ADHS: Arizona Department of Health Services. www.azdhs.gov
ADHS Lab Services: Arizona Department of Health Services, Bureau 
of State Laboratory Services. www.azdhs.gov/lab/index.htm
ADWR: Arizona Department of Water Resources. www.azwater.
gov/dwr/
ADWR Well Owner’s Guide: www.azwater.gov/dwr/Content/
Publications/files/well_owners-guide.pdf
CAP: Central Arizona Project. www.cap-az.com/
European Communities: 1998 Council Directive 98/83/EC on the 
Quality of Water Intended for Human Consumption. www.emwis.
org/IFP/Eur-lex/l_33019981205en00320054.pdf
FDA: U.S. Food and Drug Administration. www.fda.gov/
SRP: Salt River Project. www.srpnet.com/about/history/default.
aspx
USGS: US Geologic Survey, Arizona water science center. www.
az.water.usgs.gov/

Universities

Clemson University, Water Quality Problems, Causes and 
Treatments. www.cdc.gov/nasd/docs/d001201-d001300/d001240/
d001240.html
CLIMAS: Climate Assessment for the Southwest Project, University 
of Arizona. www.ispe.arizona.edu/climas/index.shtml
North Carolina Cooperative Extension, Home Drinking Water 
Systems. extoxnet.orst.edu/faqs/safedrink/treat.htm
Purdue Extension, Homes and Water Quality. www.ces.purdue.
edu/waterquality/publications02.htm
Texas A&M Cooperative Extension, Home Water Treatment Systems
fcs.tamu.edu/housing/water/home/l-2280.htm
University of Arizona: Cooperative Extension Water Quality 
Education Program. www.cals.arizona.edu/waterquality/
DWHHProgram.htm 
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University of Arizona: Sustainability of semi-Arid Hydrology and 
Riparian Areas (SAHRA ). www.sahra.arizona.edu/
University of Arizona: Water Resources Research Center (WRRC) 
www.cals.arizona.edu/AZWATER/
University of Arizona Water Quality Center (WQC). www.wqc.
arizona.edu
University of Arizona Water Sustainability Program. www.uawater.
arizona.edu

Water Quality Reports

City of Chandler Water Services: www.chandleraz.gov/default.
aspx?pageID=44
City of Flagstaff: www.flagstaff.az.gov/index.asp?SID=322
City of Glendale: www.ci.glendale.az.us/Utilities/CCR.cfm
City of Mesa: www.ci.mesa.az.us/utilities/water/water_quality_
report/mesa_water_sources03.asp
City of Phoenix Water Services: www.ci.phoenix.az.us/PCD/
wmonov.html
City of Scottsdale: www.scottsdaleaz.gov/water/Quality/default.
asp
City of Tempe: www.tempe.gov/water/ccr.htm
City of Tucson: www.ci.tucson.az.us/water/water_quality/annual_
wq_reports/annual_wq_reports.htm
Metro Water District: www.metrowater.com/quality.htm
City of Yuma: www.ci.yuma.az.us/2002_water_chart.pdf

USEPA Water

EPA: USEPA Groundwater and Drinking Water Website. www.epa.
gov/safewater
EPA1: Setting Drinking Water Standards. www.epa.gov/safewater/
standard/setting.html 
EPA2: Complete Table of PDWS. www.epa.gov/safewater/mcl.
html#mcls 
EPA3: Safe Drinking Water Enforcement. www.epa.gov/compliance/
civil/programs/sdwa/ 
EPA4: Private Wells. www.epa.gov/safewater/privatewells
EPA5: State Certification Offices for Drinking Water Laboratories (see 
Arizona addresses). www.epa.gov/safewater/privatewells/labs.html
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EPA6: Surf Your Watershed. cfpub.epa.gov/surf/state.
cfm?statepostal=AZ
EPA7: List of Household Chemicals and Their Safe Use to Disinfect 
Water. www.epa.gov/OGWDW/faq/emerg.html
USEPA: U.S. Environmental Protection Agency Main Website. www.
epa.gov
USEPA: Frequently Asked Questions. www.epa.gov/safewater/
faq/faq.html

Private and Non-Profit Organizations

AWWA: American Water Works Association. www.awwa.org/
Home Water Purifiers and Filters: Very good website of a company 
that sells water purification systems. The website has detailed 
information on contaminants, water quality, and treatment options, 
and the information appears to be fairly objective: www.home-
water-purifiers-and-filters.com/ 
IWQA: International Bottled Water Association. A trade association 
representing the bottled water industry: www.bottledwater.org/
NDWAC: National Drinking Water Advisory Council. Advisory 
group with members of the general public, state and local agencies, 
and private groups concerned with safe drinking water that advises 
the EPA Administrator on everything that the Agency does relating 
to drinking water, see website: www.epa.gov/safewater/ndwac/
council.html
NESC: National Environmental Services Center, National Drinking 
Water Clearinghouse: History of Treating Drinking Water. www.
nesc.wvu.edu/ndwc/ndwc_dwhistory.htm
NRDC: National Resources Defense Council: Bottled Water www.
nrdc.org/water/drinking/qbw.asp
NRDC: Natural Resources Defense Council: U.S. Cities Water 
Quality Reports. www.nrdc.org/water/drinking/uscities/contents.
asp
NSF: The National Sanitation Foundation, a “not-for-profit, non-
governmental organization” that tests and certifies consumer 
products (including water treatment devices) and lists common 
water treatment methods (standards). www.nsf.org
Water Casa: Residential Greywater Reuse Fact Sheet. www.
watercasa.org/research/residential/fact.htm 
WHO: World Health Organization: Drinking Water Quality. www.
who.int/water_sanitation_health/dwq/en/ A
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WQA: Water Quality Association. A “not-for-profit international 
trade association representing the household, commercial, 
industrial, and small community water treatment industry.” www.
wqa.org

Useful Links for Well Owners

Arizona Department of Water Resources Well Owners Guide 
www.azwater.gov/dwr/Content/Publications/files/well_owners_
guide.pdf

Arizona Wells Database - Ground Water Site Inventory (GWSI)
www.sahra.arizona.edu/wells/

EPA Private Drinking Water Wells
www.epa.gov/safewater/privatewells/publications.html

Santa Clara, California 18-page Well Owners Guide
www.valleywater.org/media/pdf/Guide%20for%20Well%20Owne
rs.pdf

Wilkes Bar University Well Owners web site
www.water-research.net/privatewellowner/privatewellowner.htm

A
p

p
en

d
ix

6



95

6.3  Water Quality Standards Tables

National Secondary Drinking Water Standards 
National Secondary Drinking Water Standards are non-enforceable guidelines regulating contaminants that may cause cosmetic effects (such as skin or 
tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA recommends secondary standards to water systems but does 
not require systems to comply. However, states may choose to adopt them as enforceable standards. 

Contaminant Secondary Standard 

Aluminum 0.05 to 0.2 mg/L 

Chloride 250 mg/L

Color 15 (color units)

Copper 1.0 mg/L

Corrosivity noncorrosive

Fluoride 2.0 mg/L

Foaming Agents 0.5 mg/L 

Iron 0.3 mg/L

Manganese 0.05 mg/L

Odor 3 threshold odor number 

pH 6.5-8.5

Silver 0.10 mg/L

Sulfate 250 mg/L

Total Dissolved Solids 500 mg/L 

Zinc 5 mg/L

Office of Water (4606M)
EPA 816-F-03-016 
www.epa.gov/safewater
June 2003

6

Ranking milligram per liter
(mg/L)

grains per gallon

Soft
Moderately Hard
Hard
Very Hard

0-60
61-120

121-180
>180

0-3.5
3.6-7.0

7.1-10.5
>10.5

USGS Water Hardness Classification: calcium and magnesium contents in water 
reported as calcium carbonate.

Table 1. NSDWS table from EPA

Table 2. Hardness Table from USGS

For an up-dated list go to: http://ww.epa.gov/safewater/
ndwac/council.html
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National Primary Drinking Water Standards 
Contaminant

MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Acrylamide TT8 Nervous system or blood problems; Added to water during 

sewage/wastewater increased
risk of cancer treatment 

zero

OC
Alachlor 0.002 Eye, liver, kidney or spleen problems;

anemia; increased risk of cancer
Runoff from herbicide used on 
row crops

zero

R

Alpha particles 15 picocuries
per Liter 
(pCi/L)

Increased risk of cancer Erosion of natural deposits of 
certain minerals that are 
radioactive and may emit a form 
of radiation known as alpha 
radiation

zero

IOC
Antimony 0.006 Increase in blood cholesterol; decrease in 

blood sugar
Discharge from petroleum 
refineries; fire retardants;
ceramics; electronics; solder

0.006

IOC
Arsenic 0.010 as of 

1/23/06
Skin damage or problems with circulatory
systems, and may have increased risk of 
getting cancer

Erosion of natural deposits; runoff
from orchards, runoff from glass & 
electronics production wastes

0

IOC
Asbestos (fibers >10 
micrometers)

7 million 
fibers per 

Liter (MFL) 

Increased risk of developing benign intestinal
polyps

Decay of asbestos cement in 
water mains; erosion of natural 
deposits

7 MFL 

OC
Atrazine 0.003 Cardiovascular system or reproductive 

problems
Runoff from herbicide used on 
row crops

0.003

IOC
Barium 2 Increase in blood pressure Discharge of drilling wastes;

discharge from metal refineries;
erosion of natural deposits

2

OC
Benzene 0.005 Anemia; decrease in blood platelets;

increased risk of cancer
Discharge from factories;
leaching from gas storage tanks
and landfills

zero

OC
Benzo(a)pyrene (PAHs) 0.0002 Reproductive difficulties; increased risk of 

cancer
Leaching from linings of water 
storage tanks and distribution
lines

zero

IOC

Beryllium 0.004 Intestinal lesions Discharge from metal refineries
and coal-burning factories;
discharge from electrical,
aerospace, and defense
industries

0.004

R

Beta particles and photon 
emitters

4 millirems
per year

Increased risk of cancer Decay of natural and man-made 
deposits of certain minerals that 
are radioactive and may emit 
forms of radiation known as
photons and beta radiation 

zero

DBP
Bromate 0.010 Increased risk of cancer Byproduct of drinking water 

disinfection
zero

IOC

Cadmium 0.005 Kidney damage Corrosion of galvanized pipes;
erosion of natural deposits;
discharge from metal refineries;
runoff from waste batteries and 
paints

0.005

OC
Carbofuran 0.04 Problems with blood, nervous system, or 

reproductive system 
Leaching of soil fumigant used on
rice and alfalfa 

0.04

OC
Carbon tetrachloride 0.005 Liver problems; increased risk of cancer Discharge from chemical plants

and other industrial activities
zero

D
Chloramines (as Cl2) MRDL=4.01 Eye/nose irritation; stomach discomfort,

anemia
Water additive used to control
microbes

MRDLG=41

LEGEND

D Dinsinfectant IOC Inorganic Chemical OC Organic Chemical 

DBP Disinfection Byproduct M Microorganism R Radionuclides
1

Table 3. NPDWS table from EPA
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Chlordane 0.002 Liver or nervous system problems; increased 

risk of cancer
Residue of banned termiticide zero

D
Chlorine (as Cl2) MRDL=4.01 Eye/nose irritation; stomach discomfort Water additive used to control

microbes
MRDLG=41

D
Chlorine dioxide (as ClO2) MRDL=0.81 Anemia; infants & young children: nervous

system effects
Water additive used to control
microbes

MRDLG=0.81

DBP
Chlorite 1.0 Anemia; infants & young children: nervous

system effects
Byproduct of drinking water 
disinfection

0.8

OC
Chlorobenzene 0.1 Liver or kidney problems Discharge from chemical and 

agricultural chemical factories
0.1

IOC
Chromium (total) 0.1 Allergic dermatitis Discharge from steel and pulp 

mills; erosion of natural deposits
0.1

IOC

Copper TT7;
Action
Level =

1.3

Short term exposure: Gastrointestinal
distress. Long term exposure: Liver or kidney
damage. People with Wilson’s Disease
should consult their personal doctor if the 
amount of copper in their water exceeds the 
action level

Corrosion of household plumbing 
systems; erosion of natural
deposits

1.3

M
Cryptosporidium TT3 Gastrointestinal illness (e.g., diarrhea, 

vomiting, cramps)
Human and animal fecal waste zero

IOC
Cyanide (as free cyanide) 0.2 Nerve damage or thyroid problems Discharge from steel/metal

factories; discharge from plastic
and fertilizer factories

0.2

OC
2,4-D 0.07 Kidney, liver, or adrenal gland problems Runoff from herbicide used on 

row crops
0.07

OC
Dalapon 0.2 Minor kidney changes Runoff from herbicide used on 

rights of way
0.2

OC
1,2-Dibromo-3-chloropropa
ne (DBCP) 

0.0002 Reproductive difficulties; increased risk of 
cancer

Runoff/leaching from soil 
fumigant used on soybeans,
cotton, pineapples, and orchards

zero

OC
o-Dichlorobenzene 0.6 Liver, kidney, or circulatory system problems Discharge from industrial 

chemical factories
0.6

OC
p-Dichlorobenzene 0.075 Anemia; liver, kidney or spleen damage; 

changes in blood 
Discharge from industrial
chemical factories

0.075

OC
1,2-Dichloroethane 0.005 Increased risk of cancer Discharge from industrial

chemical factories
zero

OC
1,1-Dichloroethylene 0.007 Liver problems Discharge from industrial

chemical factories
0.007

OC
cis-1,2-Dichloroethylene 0.07 Liver problems Discharge from industrial

chemical factories
0.07

OC
trans-1,2-Dichloroethylene 0.1 Liver problems Discharge from industrial

chemical factories
0.1

OC
Dichloromethane 0.005 Liver problems; increased risk of cancer Discharge from drug and 

chemical factories
zero

OC
1,2-Dichloropropane 0.005 Increased risk of cancer Discharge from industrial

chemical factories
zero

OC
Di(2-ethylhexyl) adipate 0.4 Weight loss, live problems, or possible

reproductive difficulties
Discharge from chemical
factories

0.4

OC
Di(2-ethylhexyl) phthalate 0.006 Reproductive difficulties; liver problems;

increased risk of cancer
Discharge from rubber and 
chemical factories

zero

OC
Dinoseb 0.007 Reproductive difficulties Runoff from herbicide used on 

soybeans and vegetables
0.007

OC

Dioxin (2,3,7,8-TCDD) 0.00000003 Reproductive difficulties; increased risk of 
cancer

Emissions from waste
incineration and other 
combustion; discharge from 
chemical factories

zero

OC Diquat 0.02 Cataracts Runoff from herbicide use 0.02
OC Endothall 0.1 Stomach and intestinal problems Runoff from herbicide use 0.1

LEGEND

D Dinsinfectant IOC Inorganic Chemical OC Organic Chemical 

DBP Disinfection Byproduct M Microorganism R Radionuclides
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC Endrin 0.002 Liver problems Residue of banned insecticide 0.002

OC
Epichlorohydrin TT8 Increased cancer risk, and over a long period

of time, stomach problems
Discharge from industrial
chemical factories; an impurity of 
some water treatment chemicals

zero

OC
Ethylbenzene 0.7 Liver or kidneys problems Discharge from petroleum 

refineries
0.7

OC
Ethylene dibromide 0.00005 Problems with liver, stomach, reproductive

system, or kidneys; increased risk of cancer 
Discharge from petroleum 
refineries

zero

IOC

Fluoride 4.0 Bone disease (pain and tenderness of the 
bones); Children may get mottled teeth 

Water additive which promotes
strong teeth; erosion of natural 
deposits; discharge from fertilizer
and aluminum factories

4.0

M
Giardia lamblia TT3 Gastrointestinal illness (e.g., diarrhea, 

vomiting, cramps)
Human and animal fecal waste zero

OC Glyphosate 0.7 Kidney problems; reproductive difficulties Runoff from herbicide use 0.7

DBP
Haloacetic acids (HAA5) 0.060 Increased risk of cancer Byproduct of drinking water 

disinfection
n/a6

OC Heptachlor 0.0004 Liver damage; increased risk of cancer Residue of banned termiticide zero
OC Heptachlor epoxide 0.0002 Liver damage; increased risk of cancer Breakdown of heptachlor zero

M

Heterotrophic plate count
(HPC)

TT3 HPC has no health effects; it is an analytic
method used to measure the variety of 
bacteria that are common in water. The lower
the concentration of bacteria in drinking
water, the better maintained the water 
system is.

HPC measures a range of 
bacteria that are naturally present
in the environment

n/a

OC
Hexachlorobenzene 0.001 Liver or kidney problems; reproductive

difficulties; increased risk of cancer
Discharge from metal refineries
and agricultural chemical
factories

zero

OC
Hexachlorocyclopentadien
e

0.05 Kidney or stomach problems Discharge from chemical
factories

0.05

IOC

Lead TT7;
Action
Level = 
0.015

Infants and children: Delays in physical or 
mental development; children could show
slight deficits in attention span and learning 
abilities; Adults: Kidney problems; high blood 
pressure

Corrosion of household plumbing 
systems; erosion of natural
deposits

zero

M
Legionella TT3 Legionnaire’s Disease, a type of pneumonia Found naturally in water; 

multiplies in heating systems 
zero

OC
Lindane 0.0002 Liver or kidney problems Runoff/leaching from insecticide

used on cattle, lumber, gardens
0.0002

IOC

Mercury (inorganic) 0.002 Kidney damage Erosion of natural deposits;
discharge from refineries and 
factories; runoff from landfills and 
croplands

0.002

OC
Methoxychlor 0.04 Reproductive difficulties Runoff/leaching from insecticide 

used on fruits, vegetables, alfalfa,
livestock

0.04

IOC

Nitrate (measured as
Nitrogen)

10 Infants below the age of six months who drink
water containing nitrate in excess of the MCL
could become seriously ill and, if untreated, 
may die. Symptoms include shortness of 
breath and blue-baby syndrome.

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural 
deposits

10

IOC

Nitrite (measured as
Nitrogen)

1 Infants below the age of six months who drink
water containing nitrite in excess of the MCL 
could become seriously ill and, if untreated, 
may die. Symptoms include shortness of 
breath and blue-baby syndrome.

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural 
deposits

1

LEGEND
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Oxamyl (Vydate) 0.2 Slight nervous system effects Runoff/leaching from insecticide 

used on apples, potatoes, and 
tomatoes

0.2

OC
Pentachlorophenol 0.001 Liver or kidney problems; increased cancer

risk
Discharge from wood preserving
factories

zero

OC Picloram 0.5 Liver problems Herbicide runoff 0.5

OC

Polychlorinated biphenyls
(PCBs)

0.0005 Skin changes; thymus gland problems;
immune deficiencies; reproductive or 
nervous system difficulties; increased risk of
cancer

Runoff from landfills; discharge of
waste chemicals

zero

R
Radium 226 and Radium 
228 (combined)

5 pCi/L Increased risk of cancer Erosion of natural deposits zero

IOC
Selenium 0.05 Hair or fingernail loss; numbness in fingers or

toes; circulatory problems
Discharge from petroleum 
refineries; erosion of natural 
deposits; discharge from mines

0.05

OC Simazine 0.004 Problems with blood Herbicide runoff 0.004

OC
Styrene 0.1 Liver, kidney, or circulatory system problems Discharge from rubber and plastic 

factories; leaching from landfills
0.1

OC
Tetrachloroethylene 0.005 Liver problems; increased risk of cancer Discharge from factories and dry

cleaners
zero

IOC
Thallium 0.002 Hair loss; changes in blood; kidney, intestine,

or liver problems
Leaching from ore-processing
sites; discharge from electronics,
glass, and drug factories

0.0005

OC
Toluene 1 Nervous system, kidney, or liver problems Discharge from petroleum 

factories
1

M

Total Coliforms (including
fecal coliform and E. coli)

5.0%4 Not a health threat in itself; it is used to 
indicate whether other potentially harmful 
bacteria may be present5

Coliforms are naturally present in 
the environment as well as feces;
fecal coliforms and E. coli only
come from human and animal 
fecal waste.

zero

DBP

Total Trihalomethanes
(TTHMs)

0.10
0.080
after

12/31/03

Liver, kidney or central nervous system 
problems; increased risk of cancer

Byproduct of drinking water 
disinfection

n/a6

OC
Toxaphene 0.003 Kidney, liver, or thyroid problems; increased

risk of cancer
Runoff/leaching from insecticide 
used on cotton and cattle

zero

OC 2,4,5-TP (Silvex) 0.05 Liver problems Residue of banned herbicide 0.05

OC
1,2,4-Trichlorobenzene 0.07 Changes in adrenal glands Discharge from textile finishing

factories
0.07

OC
1,1,1-Trichloroethane 0.2 Liver, nervous system, or circulatory 

problems
Discharge from metal degreasing
sites and other factories

0.20

OC
1,1,2-Trichloroethane 0.005 Liver, kidney, or immune system problems Discharge from industrial 

chemical factories
0.003

OC
Trichloroethylene 0.005 Liver problems; increased risk of cancer Discharge from metal degreasing

sites and other factories
zero

M

Turbidity TT3 Turbidity is a measure of the cloudiness of 
water. It is used to indicate water quality and 
filtration effectiveness (e.g., whether 
disease-causing organisms are present).
Higher turbidity levels are often associated
with higher levels of disease-causing
micro-organisms such as viruses, parasites
and some bacteria. These organisms can
cause symptoms such as nausea, cramps,
diarrhea, and associated headaches.

Soil runoff n/a

R
Uranium 30 ug/L

as of 
12/08/03

Increased risk of cancer, kidney toxicity Erosion of natural deposits zero

LEGEND
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Contaminant
MCL or TT1

(mg/L)2
Potential health effects from

exposure above the MCL 
Common sources of 

contaminant in drinking water 
Public

Health Goal 

OC
Vinyl chloride 0.002 Increased risk of cancer Leaching from PVC pipes;

discharge from plastic factories
zero

M
Viruses (enteric) TT3 Gastrointestinal illness (e.g., diarrhea, 

vomiting, cramps)
Human and animal fecal waste zero

OC
Xylenes (total) 10 Nervous system damage Discharge from petroleum 

factories; discharge from 
chemical factories

10

NOTES
1 Definitions

• Maximum Contaminant Level Goal (MCLG)—The level of a contaminant in drinking water below which there is no known or expected risk to health. MCLGs allow for a margin of safety and are non-enforceable public health goals.

• Maximum Contaminant Level (MCL)—The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to MCLGs as feasible using the best available treatment technology and taking cost into
consideration. MCLs are enforceable standards.

• Maximum Residual Disinfectant Level Goal (MRDLG)—The level of a drinking water disinfectant below which there is no known or expected risk to health. MRDLGs do not reflect the benefits of the use of disinfectants to control
microbial contaminants.

• Maximum Residual Disinfectant Level (MRDL)—The highest level of a disinfectant allowed in drinking water. There is convincing evidence that addition of a disinfectant is necessary for control of microbial contaminants.

• Treatment Technique (TT)—A required process intended to reduce the level of a contaminant in drinking water.

2 Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are equivalent to parts per million (ppm).

3 EPA’s surface water treatment rules require systems using surface water or ground water under the direct influence of surface water to (1) disinfect their water, and (2) filter their water or meet criteria for avoiding filtration so that the
following contaminants are controlled at the following levels:

• Cryptosporidium (as of 1/1/02 for systems serving >10,000 and 1/14/05 for systems serving <10,000) 99% removal. 

• Giardia lamblia: 99.9% removal/inactivation

• Viruses: 99.99% removal/inactivation

• Legionella: No limit, but EPA believes that if Giardia and viruses are removed/inactivated, Legionella will also be controlled.

• Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric turbidity units (NTU); systems that filter must ensure that the turbidity go no higher than 1 NTU (0.5 NTU for conventional or direct filtration) in
at least 95% of the daily samples in any month. As of January 1, 2002, for systems servicing >10,000, and January 14, 2005, for systems servicing <10,000, turbidity may never exceed 1 NTU, and must not exceed 0.3 NTU in
95% of daily samples in any month.

• HPC: No more than 500 bacterial colonies per milliliter 

• Long Term 1 Enhanced Surface Water Treatment (Effective Date: January 14, 2005); Surface water systems or (GWUDI) systems serving fewer than 10,000 people must comply with the applicable Long Term 1 Enhanced
Surface Water Treatment Rule provisions (e.g. turbidity standards, individual filter monitoring, Cryptosporidium removal requirements, updated watershed control requirements for unfiltered systems). 

• Filter Backwash Recycling: The Filter Backwash Recycling Rule requires systems that recycle to return specific recycle flows through all processes of the system’s existing conventional or direct filtration system or at an alternate
location approved by the state. 

4 No more than 5.0% samples total coliform-positive in a month. (For water systems that collect fewer than 40 routine samples per month, no more than one sample can be total coliform-positive per month.) Every sample that has total
coliform must be analyzed for either fecal coliforms or E. coli if two consecutive TC-positive samples, and one is also positive for E. coli fecal coliforms, system has an acute MCL violation.

5 Fecal coliform and E. coli are bacteria whose presence indicates that the water may be contaminated with human or animal wastes. Disease-causing microbes (pathogens) in these wastes can cause diarrhea, cramps, nausea,
headaches, or other symptoms. These pathogens may pose a special health risk for infants, young children, and people with severely compromised immune systems. 

6 Although there is no collective MCLG for this contaminant group, there are individual MCLGs for some of the individual contaminants:

• Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.3 mg/L)

• Trihalomethanes: bromodichloromethane (zero); bromoform (zero); dibromochloromethane (0.06 mg/L)

7 Lead and copper are regulated by a Treatment Technique that requires systems to control the corrosiveness of their water. If more than 10% of tap water samples exceed the action level, water systems must take additional steps. 
For copper, the action level is 1.3 mg/L, and for lead is 0.015 mg/L.

8 Each water system must certify, in writing, to the state (using third-party or manufacturers certification) that when it uses acrylamide and/or epichlorohydrin to treat water, the combination (or product) of dose and monomer level does
not exceed the levels specified, as follows: Acrylamide = 0.05% dosed at 1 mg/L (or equivalent); Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent).

LEGEND
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Table 4. Table of water problems
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Arizona Domestic Water Wells  

For the proper maintenance of domestic wells, it is 
important to have a basic understanding about the different 
components that comprise a home water supply system.  
The following sections present some information about well 
casings, well caps, well screens, and pitless adapters; basic 
components that, when combined with a pump, provide 
water for a household. Please refer to the Figure below for 
the location of these well components. 

November, 2009AZ1504

Kristine Uhlman, Janick Artiola

 Figure 1.  Domestic Well Diagram (adapted from ADWR Well Owners Guide)

Well Casing 

A domestic well typically has two well casings.  The outer 
casing is a tubular structure or large diameter steel pipe 
that encircles the actual well casing, and is considered part 
of the surface seal.  The length of this steel pipe is specified 
by Arizona Revised Statutes and Rules, as regulated by the 
Arizona Department of Water Resources, as a minimum of 

Arizona has stringent permit requirements for submitting a notice of intent to drill a new 
water supply well for domestic use.  The construction diagram and geologic log of all wells 
in the state are recorded with the Arizona Department of Water Resources (ADWR).  The 
ADWR website – www.AzWater.gov/AzDWR/ —provides a wealth of information for the 
private domestic well owner.  Well owners are responsible for the repair and maintenance 
of their own wells and to monitor water quality to assure safe drinking water.
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20 feet in length, one foot of which must extend above land 
surface.   The final length of the steel pipe is dependent on 
the local geology and may extend to a greater depth to seal 
the well from contact with a shallow aquifer.  The intent 
of the steel pipe is to prevent surface contaminants from 
entering the well.

An example of a surface seal is a concrete apron or 
graded pad, sloped away from the steel pipe, to reduce the 
potential for standing water to pool at the well head.  At 
a minimum, the land surface or soils near the well head 
should slope away from the steel pipe if a concrete apron 
is not present.

The steel pipe is placed in a drilled borehole.  The borehole 
must be at least two inches larger in diameter than the steel 
pipe or three inches larger if the well is to be drilled inside 
or within one mile of a know area of contamination.  The 
purpose of the pipe is to maintain the well opening and 
contain the drop pipe and electrical wiring to the pump.  
Along with the cement grout that seals the upper twenty feet 
of the borehole to the steel pipe, the surface seal prevents 
vertical cross-contamination of multiple aquifer zones and 
may extend to the full depth of the well.  In rock aquifers, 
the well casing may only extend a hundred feet or more 
through broken rock, leaving an open rock borehole as the 
well.  There are no statutory limitations on the extent of 
casings other than the minimal length of twenty feet.  

The most common materials for well casings are carbon 
steel, Acrylonitrile Butadiene Styrene (ABS) or PVC 
plastic, and stainless steel.  PVC is lightweight, resistant 
to corrosion, and relatively easy for contractors to install 
although it is brittle and breaks easily.  (Note: To minimize 
exposure to residual solvents, PVC casing sections should be 
joined without glues that contain solvents.)  Although more 
expensive, when possible, mechanical couplings or threaded 
pipe fittings are recommended. Steel, although stronger, is 
susceptible to corrosion, can develop scale in hard waters, 
and is more costly.  Some older well casings may also be 
constructed of concrete, fiberglass, and asbestos cement, 
although these materials are not currently allowed under 
Arizona’s regulatory framework.  Older wells may also be 
hand-dug and cased with hand-placed bricks or stone.

Caps 
On the top of the surface seal casing, and sometimes on 

the well casing itself, should be a wellhead seal or cap.  Well 
caps are usually aluminum or a thermoplastic, and include 
a vented screen so that the pressure difference between the 
inside of the well and the outside atmospheric pressure 
may equalize when water is pumped from the well.  The 
cap should fit snugly so debris, insects, or small animals 
cannot find their way into the well system.

Well Screens and Gravel Packs 
Well screens are filtering devices used to prevent excess 

sediment from entering the well.  Attached to the bottom 
of the well casing, the screens allow water to move though 
the well while keeping out most sand and gravel.  The most 
common screens are slotted or perforated pipe. 

Perforated pipe is a length of casing with holes or slots 
drilled into the pipe. It is not efficient for aquifers that 
contain fine-grained materials because it has wide openings 
that allow sand to fall into the well.  A continuous slot screen 
is made of wire or plastic wrapped around a series of vertical 
rods, whereas slotted pipe features machine-cut slots into 
steel or plastic at set distances. 

Well screens are manufactured with specified openings 
and hole diameters to match their screen filtering capabilities 
to the geologic conditions.  Well screens are designed to be 
placed only within the saturated portion of the aquifer.  If the 
ground water elevation drops and air is allowed to enter the 
well screen, the well may be damaged by oxygen-induced 
metal corrosion.  

During well design and installation, a gravel pack is 
typically placed in the annular space outside the screen 
casing yet within the drilled borehole.  The gravel pack 
consists of sand or gravel that has been designed with a 
grain size finer than the adjacent soils or unconsolidated 
aquifer material, yet larger than the screen slot size.  The 
gravel pack acts as a filter to prevent sediment from entering 
the well, and also to manage the velocity of the water passing 
through the aquifer and into the well.  High-speed water 
velocity, due to excessive pumping or improperly sized 
gravel pack, results in erosion of the aquifer as sediment is 
pulled into the well.  Above the gravel pack and the well 
screen, the annular space between the well casing and 
borehole wall is backfilled with grout and/or concrete to 
prevent surface water from draining into the aquifer.

It is common for wells constructed in hard, stable bedrock 
to remain as an open borehole. In these cases, a screen or 
gravel pack is not necessary.  Since ground water entering 
an open borehole in a bedrock well typically travels through 
narrow cracks and fissures, no  sand pack to filter sediments 
is necessary.

Pitless Adapters 
In higher elevations where frost may penetrate the 

ground, pitless adapters provide wells with a sanitary – and 
frost proof – seal between the well casing and the water line 
running to the well system owner’s house.  

After a frost depth is determined for the area where the 
well is being installed, the adapter is connected to the well 
casing below the frost line.  Water from the well is then 
diverted horizontally at the adapter to prevent it from 
freezing, and the plumbing continues beneath land surface 
to the well system owner’s house.

Storage Tank 
Most home-owner water well systems include a 

pressurized storage tank to store water for use during 
periods of heavy usage. The pressure tank is designed to 
have extra water on reserve so that small demands do not 
require the pump to switch on.  However, a tank cannot 
compensate for demand greater than your pump or well 
capacity.
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Well Log / Report
Wells drilled on Tribal Reservations are not required to be 

registered with the Department of Water Resources.  Outside 
of the Reservations, every well in Arizona is required to be 
registered with the Arizona Department of Water Resources 
(ADWR) and a well log must be submitted by the well 
driller.  If the log is not provided to the well owner by the 
driller, the log is available to the well owner through the 
ADWR.  The well log identifies the type of geology of the 
aquifer, the construction materials used to construct the well, 
the well depth, casing length, screen length, the presence 
(or absence) of a gravel pack, depth to ground water at the 
time of installation, and the capacity of the well at the time 
of well installation.  Every well owner should have a copy 
of his or her well log.  

At the time of construction and pump installation, the 
licensed well driller pumps the well to test the capacity of 
the well to yield water and to remove any fluids (such as 
chemical drilling muds to facilitate drilling) from the aquifer.  
This pumping also develops the gravel pack around the 
well, flushing out fine-grain silts and sands from the pack 
to allow water to flow freely into the well.  For an exempt 
domestic well, well pump capacity is restricted to 35 gallons 
per minute (gpm), but some aquifers are not able to yield 
water at that rate.  It is not uncommon for wells constructed 
in consolidated bedrock or finer-grained alluvium to yield 
3 to 5 gpm.

The Arizona Department of Water Resources publishes and makes available to the public “A Practical Guide to Drilling a Domestic 
Water Well in Arizona” that is continually updated as rules and statues are passed.  Please visit the ADWR website – www.AzWater.
gov/AzDWR/   – for current regulations.  

This ‘Fact Sheet’ is a companion publication to the “Arizona Well Owner’s Guide to Water Supply”  CALS publication az1485. 
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Well Owners’ Guide to 
Ground Water Resources 

in Yavapai County

What is a Water Resource?
An individual in an industrialized urban society may use from 

one million to five million gallons of water during their lifetime.  
If the share of industrial, agricultural, and recreational usage 
is counted, the total amount of water may exceed ten million 
gallons per capita.  Water resources are those sources of water 
that meet the need of the individual and society, and the value 
of that resource depends on demand and availability.  

Our arid climate, coupled with increasing demands on water 
supply and the over—allocation of surface water resources, 
forces much of Yavapai County to rely on ground water wells 
for potable use.  This primer has been prepared to provide the 
homeowner with a basic understanding of where your water 
comes from in Yavapai County, and for the well-based water-
supply system owner to understand some of the vulnerabilities 
of their water supply.  

Ground Water Management Act
Fresh water is a renewable resource, with every rain drop 
and snowflake that does not evaporate in our arid climate 
contributing to availability, yet water demand already exceeds 
supply across most of Arizona.  The Arizona Ground Water 
Management Act (Title 45 of the Arizona Revised Statutes) was 
passed in 1980 to help address the issue of water supplies across 
Arizona. The Act has three primary goals:

•  Control the severe ground water overdraft occurring in 
many parts of the state; 

•  Provide a means to allocate the state’s limited ground 
water resources to most effectively meet the changing 
needs of the state; and, 

•  Augment Arizona’s ground water through water supply 
development. 

03/08
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To accomplish these goals, the Act set up a comprehensive 
management framework and established the Arizona 
Department of Water Resources (ADWR) to administer the 
Act’s provisions. In central Yavapai County, the Act established 
the Prescott Active Management Area (AMA) to manage this 
limited renewable natural resource.  

The Prescott AMA is a 485 square mile area (6% of the total 
area of the county) and has a statutory goal of achieving safe-
yield by 2025. Safe-yield means that the amount of ground water 
pumped from the aquifer on an average annual basis must not 
exceed the amount that is naturally or artificially recharged. The 
safe-yield goal is a basin-wide balance. This means that water 
level declines in one portion of the AMA can be offset by recharge 
in another part of the AMA. 

All wells in Arizona are regulated by ADWR.  Before anyone 
can drill a new well or deepen or modify an existing well, that 
person must obtain authorization from ADWR.  The well must 
meet minimum construction standards and must be drilled by a 
licensed well drilling contractor.  Within AMAs, owners of large 
wells must report their pumpage, but small wells – those with 
a pump capacity of 35 gallons per minute (GPM) or less, and 
used to irrigate less than 2 acres – are exempt from reporting 
requirements and conservation regulations.  Outside the AMA, 
there are no pumping restrictions or reporting rules.  All new 
wells are permitted through the Yavapai County Development 
Services, in cooperation with the ADWR. 

Public Water Providers in Yavapai County
A Public Water System provides water for human consumption 

through pipes or other constructed conveyances and has at 
least fifteen service connections, or regularly services at least 
twenty-five persons for at least sixty days a year.  There are 27 
public water providers across Yavapai County, most located 
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Figure 1. Yavapai County Water Providers
               Note that the City of Cottonwood acquired four local privately owned water companies, including Cottonwood Water  
               Works, Verde Santa Fe, Clemenceau and Cordes Lakes Water Companies, and operates them as one interconnected     
               municipal system.
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near population centers and housing developments (Figure 1).  
The Arizona Department of Environmental Quality (ADEQ) 
regulates all public water systems involved in the collection, 
storage, treatment or distribution of potable water.  Municipal 
public systems are regulated by the city or town council.  
Similarly, water improvement districts are governed by the 
county in which they operate. 

Shared Wells
If a well does not meet the criteria of a Public Water System 

but serves more than one household, this is a Private Shared Well 
System.  There is no agency that enforces or regulates Private 
Shared Well agreements, and the agreement is considered a 
civil matter between neighbors.  In some circumstances, if the 
service of water from a well is off the premises, the well may be 
subject to regulation by the Arizona Corporation Commission 
(ACC).  The ACC is the regulatory authority with jurisdiction 
over private water (and sewer) companies as well as investor-
owned utilities.  
Exempt Wells

Private, domestic wells designed to pump no more than 35 
gallons per minute are called “exempt wells” because they are 
exempt from reporting requirements and regulation.  More 
exempt wells are drilled in Yavapai County than any other 
Arizona county. Currently over 30% of all the new wells drilled 
in Arizona are in Yavapai County, and within Yavapai County 
the greatest concentration of wells is within the Prescott AMA 
with just over 11,200 registered wells (ADWR, 2008). 

While some of these wells are drilled in subdivisions requiring 
hydrologic analysis prior to permitting, many are drilled on lots 
created through “lot splits” for which no hydrologic analysis is 
conducted.  A lot split, or “land division” by Arizona statute, is 
land in an unincorporated area of a county that has been divided 
into five or fewer parcels, any of which is ten acres or smaller 
in size.  Once platted, the land divider is able to build and sell 
houses on the divided land even through a reliable water supply 
might not be available.  

Unlike their authority over subdivisions, in most circumstances 
county boards of supervisors do not have the discretion to 
prevent a lot split from occurring. A lot split must be approved 
if the divider’s application meets certain minimum requirements 
outlined in statute, regardless of water availability.  

Lot split and subdivision statutes are increasingly being 
examined for potential changes to provide tighter management 
of ground water resources. The reason for this is the common tie 
between lot splits and exempt wells – wherever there is a lot split, 
there is likely to be an unregulated, exempt well that provides 
water to the homeowner.  

Other than registration with ADWR, no agency enforces or 
regulates water supply or quality in exempt wells.  For this 
reason, well-based water-supply system owners must realize 
their responsibility to understand some of the vulnerabilities 
of their personal water supply and commit to monitoring the 
quality of their water.   

Ground Water Quality in Yavapai County
Ground water quality is considered excellent in most of 

the county. Water pH is usually between 6.5 and 8.5, and 
total dissolved solids (TDS) are usually at or below 500 ppm.  
However, some areas of the county have high concentrations of 
arsenic, nitrate, and radon in the water.  Ground water quality 
is dependent on the geology of the aquifer material, which may 
contribute naturally occurring chemical constituents that are of 
concern if found in elevated concentrations (such as arsenic) and 
may be affected by land use activities that may leach chemicals 
through the soils (such as agricultural nitrates).  

An aquifer is an underground geologic formation capable 
of transmitting and yielding usable quantities of water to a 
well or spring.  Depending on the geologic formation, water 
is typically held in subsurface fractures and cracks of rock, 
or in interconnected pores and void spaces between grains of 
sand and gravel or soil.  Aquifer material types include both 
unconsolidated and consolidated rock materials, examples 
of which range from the unconsolidated alluvial sands and 
gravels of the Big Chino Wash, to the dense consolidated granite 
of Skull Valley and the Black Canyon, and the basalts near 
Cordes Junction. Sedimentary rocks, such as the red sandstone 
cliffs in and around Sedona combine the characteristics of both 
consolidated and unconsolidated materials (Figure 2), with water 
transmitted through both the porous sand and the factures and 
cracks of the rock.  

In sedimentary rocks, ground water is filtered through porous 
void spaces as “porous flow”, or in fractures and cracks as 
“fractured flow”, and/or in a combination of these flow types.  
Fractured flow can rapidly transmit contaminants through the 
subsurface as there is little opportunity for natural filtration of 
pollutants.  Porous sands allow for more filtration of the water, 
and more natural protection from land surface contaminants 
seeping through the soils.  It is important to understand which 
flow type is prevalent in your aquifer to protect your water 
supply from contamination.

Ground water in contact with naturally occurring minerals 
of the rocks and alluvium will dissolve and transport those 
minerals to your well and water supply.  In Yavapai County, the 
most common naturally occurring water supply contaminants 
are arsenic and radon.  

Arsenic:  The Verde Formation is of particular importance 
when discussing ground water quality in Yavapai County because 
of naturally occurring arsenic in concentrations sometimes 
exceeding health based standards. Within the past 2 to 5 million 
years, the Verde Valley was formed and the arsenic rich Supai 
Sandstone formation was eroded and redeposited as the Verde 
Alluvium Formation, which now forms the aquifer of the Big 
Chino and Verde Valley.  The highest concentration of arsenic in 
ground water in Arizona was found near Pauldin, Arizona, with 
a concentration of 2,900 parts per billion in a private, domestic 
(exempt) well (ADEQ, 2006). The USEPA has set a health-based 
limit of 10 part perbillion as a Maximum Contaminant Limit 
(MCL) allowable for a public water supply.  
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Figure 2. Yavapai County Aquifer Types and Prescott AMA
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Because arsenic mobility is a function of water pH and oxygen 
content, it is generally true that any change in the geochemistry 
of an aquifer may elevate or reduce arsenic concentrations.  As 
ground water elevations dropped due to drought in the Verde 
Valley, arsenic concentrations increased due to the introduction 
of oxygen to the aquifer.  The reverse is also true in that arsenic 
concentrations can be lowered by changing water pH and oxygen 
concentration, potentially making arsenic contamination of well 
water readily treatable with technologies available to the well 
owner.  

Radon: Naturally occurring radioactivity in ground water 
is produced principally by dissolved constituents within the 
water – in Arizona the most common source of radioactivity 
is dissolved uranium and dissolved radon gas.  Radioactive 
minerals containing uranium (760 million year half-life) 
and thorium (4.46 billion year half-life) are found in many 
Arizona granites.  A half-life is the time period in which half 
the initial number of atoms of a given quantity of a radioactive 
element disintegrates.  This disintegration forms a series of 
radioactive “daughter” products, most of which are short-lived.  
Disintegration products of both uranium and thorium include 
radium (half life of 1,620 years), which then disintegrates to 
radon―an “alpha” radiation emitting gas with a half life of 3.8 
days.  Radon is an odorless, colorless, tasteless gas that dissolves 
in ground water and may also migrate upward though the soils 

Figure 3. Base Well Diagram. Adapted from ADWR Well Owners Guide

to eventually dissipate to the atmosphere.  The US Environmental 
Protection Agency has estimated that radon in drinking water 
causes about 168 cancer deaths per year across the United States, 
89 percent from lung cancer caused by breathing radon released 
from water, and 11 percent from stomach cancer caused by 
drinking radon-containing water (USEPA, 2008). Radon levels 
that exceed drinking water standards have been detected in 
granitic formations around Prescott, and may require domestic 
well owners situated in hard rock areas to start receiving treated 
water from large providers.  

Radon contamination of well water is treatable with 
technologies that allow the gas to dissipate – much like bubbles 
in soda.  However, if radon gas is trapped within a structure, 
such as a basement, the concentration of radon gas may exceed 
health standards.  The USEPA estimates that one in 15 US homes 
contains a high level of the gas (www.epa.gov/rado/radontest.
html ).  

Nitrate: Nitrate contamination is most often caused by 
human activity on the land, and has been linked to irrigated 
agriculture, concentrated livestock facilities, large turf areas 
and septic systems.  Yavapai County requires a 100 foot set-back 
between a water supply well and sewage disposal system (such 
as a septic tank and leach field), but in areas of shallow ground 
water or consolidated rock aquifers, this may provide insufficient 
protection (Figure 3).  
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Several locations in Yavapai County have exhibited elevated 
nitrate levels, including near Dewey, Chino Valley, northwest 
Prescott, Clarkdale, Cottonwood, Bridgeport, Camp Verde, and 
Cornville.  If your property is near an agricultural field or farm, 
or if your property was ever farmed in the past, you may be at 
risk of nitrate contamination of your well water.  You are also 
at greater risk of water contamination if you don’t know the 
location of your septic system – or your neighbor’s septic system 
– in relation to your well location.

Ground Water Availability: The most common water 
supply well system problem in Yavapai County is dropping 
ground water elevations.  If the water table drops below the 
well casing, flow of water into the well screen becomes turbulent 
as the cascading water mixes with air.  In an uncased, bedrock 
well, as the water table drops and air is introduced into formerly 
saturated cracks and fractures; the mixture of water and air 
begins to erode the aquifer.  The first sign of system failure (and 
dropping ground water elevations) is the build-up of sediment 
in tanks, pipes, and plumping fixtures.  If the well continues to 
pump gritty sands, the pump itself will grind to a stop and will 
need to be replaced.
These simple steps will help protect your 
system and water quality

•  Always use an Arizona licensed well driller and pump 
installer when a well is constructed, a pump is installed, 
or the system is serviced.

•  Be aware of the geology of your aquifer.  Know that a 
well installed in consolidated rock is more vulnerable to 
contaminant transport, whereas an unconsolidated aquifer 
retains more filtering capacity.  If a known contaminant 
release occurs in your neighborhood—such as a hazardous 
waste spill or a leaky underground gasoline storage tank 
– your well may be at risk.  The geology of your aquifer 
may protect your water supply—or may make your well 
more vulnerable to contamination.  

•  Practice well head protection.  Keep hazardous chemicals, 
such as paint, degreasers, fertilizer, pesticides, kerosene, 
and motor oil away from your well head.

•  Periodically check the well cover or well cap to ensure it 
is in good repair.  Do not allow surface water to puddle 
near your well, if necessary construct berms around the 
well to divert surface runoff away from the wellhead.

•  Always maintain separation between your well and 
buildings, septic systems, chemical storage facilities, 
garage, or car maintenance area.  Your professional 
contractor will know the rules on appropriate distances 
for new construction.  

•  Don’t dispose of chemicals in your septic system, and 
read the label of any cleaners or additives advertised for 
septic systems.  De-greasers contain industrial solvents 
that persist in the environment and may seep into the 
aquifer.  Pharmaceuticals and prescription medicines 
flushed down the toilet may also seep into the aquifer 
and enter your water supply.

•  Don’t allow back-siphonage.  Install a back-flow preventer 
on outdoor hoses when mixing pesticides, fertilizers, or 
other chemicals; don’t put the hose inside the tank or 
container.

•  When landscaping, keep the top of the well at least one 
foot above the ground.  Slope the ground surface away 
from your well head for proper drainage.

•  A damaged casing could jeopardize the sanitary protection 
of your well.  Don’t pile landscaping or construction 
materials near your well.  

•  Be aware of changes in your well, the area around your 
well, or the smell, taste or color of your water.  

•  Monitor the sediment build-up in your toilet tank.  If 
the sediment is soft and does not feel gritty, this is not of 
concern unless you notice a significant increase in volume. 
If the sediment is gritty, or if you notice sand in the tank, 
contact a licensed well pump installer.  Soft, fine clays will 
not feel gritty if rubbed across your tooth, whereas grit 
wears down pumps and plumbing!

•  An annual well maintenance check, including water 
quality testing, is recommended.  The water quality should 
be checked any time there is a change in taste, odor, or 
appearance, or anytime a water supply system (such as 
pump replacement) is serviced. 

Testing your well water: Cooperative Extension and the 
National Ground Water Association (NGWA, 2007) recommends 
well owners test their water annually for bacteria, nitrates, 
arsenic, and radon. Testing may need to be more frequently if:

•  Your well is located in a consolidated rock aquifer where 
contaminants can be rapidly transmitted to your well and 
a new contamination source appears.

•  If there is a change in the taste, odor, or appearance of the 
well water. 

•  If your well occasionally goes dry or if the ground water 
elevations are dropping – the change in chemistry in the 
aquifer may release naturally occurring minerals, such as 
arsenic.  

•  After your well has been chlorinated – the change in 
chemistry in the aquifer due to the introduction of 
chlorine may release naturally occurring minerals, such 
as arsenic.  

•  If family members or house guests have recurrent 
incidents of gastrointestinal illness.

•  If an infant is living in the home; infants are more 
susceptible to nitrates and other contaminants.  

•  If you wish to monitor the efficiency and performance of 
a home water treatment equipment.  

A list of Arizona Department of Health Services Certified 
Drinking Water Laboratories can be found at:

http://www.azdhs.gov/lab/license/index.htm
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State and County Contacts / Links
Arizona Department of Environmental Quality – Water 
Quality Division (ADEQ) http://www.azdeq.gov/environ/
water/index.html

•  Delegated authority by the state to inspect wells.  ADEQ 
gives Yavapai County the regulatory authority to do 
inspections (in most counties, the state does them 
directly) 

• Gets involved if more than 25 people or 15 hook-ups onto 
a shared well (in which case, the group is considered a 
water provider) 

Arizona Department of Water Resources (ADWR) Prescott 
AMA 

•  If existing well is older than 1980, it must be permitted by 
ADWR.

•  Provides info on regulations on well construction (http://
www.azwater.gov/dwr/Content/Find_by_Program/Wells/
Practical_Guide_for_web_07_06.pdf 

Yavapai Citizens Water Advocacy Group (CWAG)  http://www.
cwagaz.org/reports.html 
The Mission of the Citizen´s Water Advocacy Group (CWAG) 
is to promote a sustainable water future in the Upper Verde 
River Basin and the Prescott Active Management Area. They 
advocate the conservation of water and encourage informed 
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Well OWners’ Guide TO GrOund WaTer 
resOurces series : Yavapai cOunTY

and responsible governmental decision making regarding 
development and use of water.
The Yavapai County Water Advisory Committee: is a committed 
coalition of communities and selected stakeholders that are 
dedicated to developing a management plan for the sustainable 
use of our regional water supply.  It consists of concerned 
citizens and retired professionals interested in the challenge 
of water/development projects in the county, especially with 
arsenic problems that are occurring as the Little Chino aquifer 
is over-used. 
http://www.co.yavapai.az.us/content.aspx?id=20562 
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GEOLOGICAL 

SURVEY 1 

THE STATE AGENCY FOR 
GEOLOGIC INFORMATION 

To cdlect and archive infor- 
mation about the geologic 
character, processes, haz- 
ards, and mineral and en- 
ergy resources of Arizona 
and to inform, advise, and 
assist the public in order to 
foster understanding and 
~rudent development of the 
State's land, water, mineral, 

I and energy resources. 

I Increase understanding 

I 
of the geology of 
areas with potential 
population growth and 
economic develoment 

lmprove effectiveness of 
administering Arizona's 
oil and gas statutes 

I Expand the customer 
base of the Arizona 
Geological Survey 

I lmprove access to 
digital geologic 
information to all users I I 

Arsenic in Ground Water 
Jon E. Spencer 
Senior Geologist 
Arizona Geological Survey 

Introduction 
Arsenic is a naturally occur- 
ring chemical element in rock 
and soil and is present in 
trace amounts in ground wa- " 
ter. Arsenic in drinking water 
is known to cause cancer in 
people if concentrations are 
above about 300 ppb (parts 
per billion). Ejarapolation 
from exposures at these rela- 
tively high levels to low ar- 
senic levels of 5 to 50 ppb, 
characteristic of U.S. ground- 
water in many areas, suggests 
to officials of the U.S. Envi- 
ronmental Protection Agency 
(EPA) that U.S. citizens are 
experiencing adverse health 
effects due to arsenic inges- 
tion. The EPA recently pro- 
posed lowering the maximunl 
allowable arsenic concentra- 
tion in U.S. drinking water 
from 50 ppb to 5 ppb. Water 
from almost half of the 809 
Arizona wells included in the 
U.S. Geological Survey's Na- 
tional Water Quality Assess- 
ment Program database 
exceeds 5 ppb arsenic (Figure 
1). Furthermore. 247 of these 
809 wells are used for drink- 
ing water, and almost half of 
these wells exceed 5 ppb ar- 

senic (Figure 2). Continued 
use of many Arizona wells for 
drinking water will require 
implementation of expensive 
renlediation technology if the 
maximum allowable arsenic 
concentration is reduced as 
proposed. 

Arsenic as a poison 
The toxicity of arsenic has 
been known at least since 
medieval times when smelt- 
ing of arsenic-bearing sul- 
fide minerals produced 
arsenic trioxide powder that 

(continued on page 2) 

Figure I .  Arsenic levels in Arizona well ellrater from 809 Arizona 
nrells. 1VICL: maxium contaminant level. Data h-om U.S. Geological 
Survey National Water Information System (obtained from hrtp:// 
co. water. uzsgs.go~~/trace/data/arsenic~n~ay2000.txt). 
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Regulations 
Following on the U.S. Environmental Protection Agency’s 

‘Arsenic Rule’ decision to lower the allowable arsenic content 
in drinking water from 50 to 10 parts per billion (ppb) or 
less, public water systems were required to meet the lower 
limit by January 23, 2006.  Private well owners are not 
subject to the rule because, under Arizona law, it is the sole 
responsibility of the private well owner to determine the 
quality (potability) of their private well water.  However, 
private well owners across the state have realized the 
importance of testing their own water supply for arsenic.  

Distribution
Arizona’s Department of Environmental Quality 

(ADEQ) Ambient Ground Water Monitoring Program 
regularly conducts sampling to monitor regional ground 
water quality, as shown on the cover figure.  This is done 
to detect the presence of new and existing pollutants, 
including arsenic and other naturally occurring constituents.  
Measurable levels of arsenic are found in ground water 
across the state.  

Regional studies have been conducted by ADEQ since 
1995 in 29 of the 51 ground water basins designated by 
the state.  Arsenic was not detected above the minimum 
reporting level of 5 ppb in 1,117 of the 1,346 ground water 
sites sampled (83%).  However, at 229 of the sample sites 
(17%), arsenic was detected at concentrations above the 
10 ppb drinking water standard.  These elevated arsenic 
concentrations occurred within each of the sampled basins, 
most frequently in wells or springs having older ground 
water such as characterizes the deep, artesian aquifer 
found in the San Simon sub-basin of the Upper Gila River 
Watershed (Towne, 2004).  Arsenic concentrations above the 
10 ppb limit are also found in the Casa Grande area, along 
the San Simon and Gila Rivers, and in scattered areas of 
Mohave and Maricopa Counties. Concentrations in excess 
of 2,000 ppb have been found in private wells in the Verde 
Valley of Yavapai County.  (ADEQ, 2004).

Health Effects
Arsenic poisoning is easy to diagnose and treat, with the 

most common symptoms ranging from garlic breath to 
“pins and needles” sensations in the hands and feet.  Acute 
poisoning and death may occur when one tenth of a teaspoon 
(about 0.5 grams) of (inorganic form) arsenic is ingested at 
once.  But no harm occurs when the same amount of arsenic 
is ingested by eating shrimp and other seafood.  These 
foods have a non-poisonous organic (carbon-based) form of 
arsenic (Lee, 2007).  To date, Food and Drug Administration 
has not set limits for allowable concentrations of arsenic in 
food sources because there are no known health hazards. 
However, there are numerous other forms of organic and 
inorganic arsenic that are considered very toxic.  In general, 
arsenic containing chemicals are very poisonous when 
dissolved in and ingested with water.  (Norman, 2005)   

Chronic arsenic exposure may increase the risk of cancer 
and mimic the symptoms of diabetes, although arsenic 
is used in some cancer treatments and was used to treat 
syphilis prior to the discovery of antibiotics.  Arsenic is 
readily excreted in the urine.  Therefore, chronic exposure 
to this chemical is routinely determined by measuring 
arsenic levels in urine.  Longer chronic arsenic exposures 
can be determined by measuring the concentration of arsenic 
retained in the hair and/or fingernails.  Research has shown 
that arsenic’s effects on human health are variable, with 
some ethnic populations exhibiting greater tolerance.

Geology Rocks!
Arsenic chemically binds with other elements such as 

oxygen and sulfur, and often replaces certain elements 
in arsenic-containing minerals.  For example, arsenic 
forms arsenopyrite [FeAsS] by replacing the sulfur (S) 
in this common arsenic mineral.  In geologically ancient 
Arizona, granitic magma pushed upward into the host 
rock eventually forming granitic plutons and mineralized 
veins of copper, silver, gold ore – and minerals containing 
arsenic like arsenopyrite.  It is generally true that regions 
of granite bedrock with gold ore in Arizona also contain 
elevated concentrations of arsenic.  In the Cascade 
Mountains of Oregon and Washington, arsenic has been 
found in association with basaltic volcanic glass, but a 
proven relationship between basalt and arsenic in Arizona 
is not found in the literature.  Historic Jerome in Yavapai 
County, known as the ‘Billion Dollar’ copper, gold and 
silver mining camp, contains mineral specimens of Jeromite, 
which consists of arsenic chemically bound with sulfur and 
selenium [As(S,Se)2].

Following on the report of an unusually large number 
of livestock deaths during the recent drought in the Verde 
Valley, arsenic poisoning was suspected as the probable 
cause.  Arsenic concentrations in the animals’ watering 
trough were tested and found to be between 400 and 500 
ppb, and an intensive water quality study was launched.  
It was assumed that leachate from mine tailings was 
contributing to ground water quality degradation, but 
tailings concentrations were found to be around 200 ppb.  
Montezuma’s well (several miles distant) was also tested 
and found to contain 100 ppb of dissolved arsenic.  The 
study’s authors concluded that the arsenic in ground water 
was not significantly impacted by mining activities but 
due to ground water in contact with the arsenic bearing 
minerals found in the Supai and Verde formations (Foust, 
et al., 2003).

The geology of northern Arizona and southern Utah 
consists of layers of ancient sedimentary rock, including the 
older Redwall Limestone, overlain by progressively younger 
rocks such as the sandstones, limestone, and shale observable 
in the exposed cliffs of the Grand Canyon.  An extensive 
cave system was formed over 325 million years ago within 
the Redwall Limestone, similar to the solution limestone 
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caves of Kartchner Caverns State Park.  Over geologic time, 
the weight of overlying rock layers that had accumulated 
on top of the caves in the Redwall Limestone collapsed, 
resulting in thousands of feet of vertical pipes that filled 
with rock rubble.  These solution-collapse ‘breccia’ pipes 
acted as drains, filling with ground water that contained 
dissolved chemicals from the adjacent sedimentary rock 
as shown on the figure below.  Thus, arsenic, metals, and 
uranium were deposited and concentrated within this low-
oxygen environment.  For example, arsenopyrite mineral 
precipitated within the localized breccia pipes of the Supai 
formation (Kenny, 2003).  Within the past 2 to 5 million 
years, the Verde Valley was formed and portions of the 
Supai formation were eroded and redeposited as the Verde 
Alluvium Formation.  Arsenopyrite was deposited in the 
alluvium which now forms the aquifer of the Big Chino 
and Verde Valley.

Chemistry Rules!
Arsenic may be geologically present, but the geochemical 

environment of the ground water determines whether 
arsenic will dissolve and be mobilized.  For example, in 
the geology section above, arsenic was precipitated in the 
oxygen-poor environment of the ancient breccia pipes.  Parts 
of this (Supai) formation were later eroded and transported, 
and eventually redeposited in what is now the Big Chino and 
Verde Valleys.  The authors of the Verde study reported that 
during the drought of the late 1990s, water table elevations 
dropped, exposing arsenic-rich minerals to atmospheric 
oxygen.  Oxygen-rich aquifer conditions in turn induced a 
chemical change in the arsenic mineral form, allowing it to 
dissolve into ground water.  

Similarly, changes in ground water to high (alkaline) 
pH can induce desorption of arsenic from some types of 
arsenic-bearing minerals.  This in turn can raise the levels of 
arsenic above drinking water standards (USGS, 1999).  The 
authors of the Verde study also suggested that the elevated 
concentrations of dissolved arsenic in Montezuma’s well 
may be due to the presence of calcium carbonate (limestone) 
that buffers acidity, increasing arsenic mobility.  In addition, 
research has shown that naturally occurring soil bacteria 
will increase the rate of arsenic solution into ground water 
in low oxygen environments (Afkar, et al., 2003).  

Arsenic mobility is a function of water pH and oxygen 
content.  Therefore, any change in the geochemistry of an 
aquifer may elevate arsenic concentrations.  The reverse 
is also true in that arsenic concentrations can be lowered 
by changing water pH and oxygen content.  Several water 
treatment technologies are available to well owners.  These 
technologies usually take advantage of favorable changes 
in oxygen and/or pH conditions and precipitate, absorb, 
and/or filter arsenic out of water.  More information about 
arsenic and treatment options available to the private well 
owner can be downloaded from EPA’s website at www.epa.
gov/safewater/arsenic. For a list of home water treatment 
technologies used to reduce arsenic and other water 
contaminants in drinking water, obtain a copy of Arizona: 
Know your Water (Artiola et al., 2006).

Well owners may want to check for the presence of arsenic 
in their water by purchasing arsenic testing kits. If elevated 
levels of arsenic are detected, the testing kit results should be 
verified by an Arizona state certified laboratory.  Well water 
samples can be analyzed for arsenic for $20.00 to $45.00, 
and sample collection bottles are usually provided by the 
laboratory. Well owners should follow the sample collection 
procedures and storage and sample transport methods 
recommended by the laboratory to produce unbiased 
results.   The University of Arizona Cooperative Extension 
offices have a list of state certified testing laboratories and 
this listing can also be found at www.ag.arizona.edu/pubs/
garden/az1111.pdf. Another source of information about 
certified testing laboratories can by found at www.AZdhs.
gov/Lab/License/index.htm.

The Grand View Mine near the Grand Canyon is associated with a 
distinctive geologic phenomenon called solution-collapse ‘breccia’ 
pipes. This Figure (Kenny, 2003) shows the layers of rock that have 
collapsed into a cave formed in the Redwall Limestone, and the location 
where arsenic is concentrated.
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Arizona Drinking Water Well Contaminants

The most common contaminants found in Arizona 
groundwater in concentrations above health-based drinking 
water standards are arsenic, fluoride, radioactive elements 
(responsible for gross alpha radiation), and nitrate.  Nitrate 
contamination, although it can be natural, is usually due to 
either agricultural practices (excessive fertilizer use and/or 
poor irrigation practices), or failing septic systems that allow 
contaminated waters to drain into the aquifer.  Naturally 
occurring groundwater contaminants are dependent on 
aquifer geology and are discussed below.

Geologic forces have influenced the quality of water held 
within Arizona aquifers. The groundwater basins in the 
geologic past included river drainage systems that could 
not reach the sea, generating large inland lakes—such as 
the Great Salt Lake in Utah—that concentrated the salts as 
water evaporated. Large deposits of salt1 are common across 
the state.  These natural deposits are often associated with 
elevated groundwater concentrations of sodium, chloride, 
calcium, magnesium, sulfates, and carbonates.   

In the Gila River Valley, deep petroleum exploration 
boreholes were drilled during the early 1900’s through the 
thick layers of gypsum and salty clay found throughout 
the valley.  Although oil was not found, salt brines are now 
discharging to the land surface through improperly sealed 
abandoned boreholes, and the local water quality has been 
degraded.    

Figure 1 shows those portions of the state where 
groundwater has been reported to be saline, either due to 
deep layers of salt originating from geologic deposition or 
due to agricultural practices where evaporation of irrigation 
water concentrates naturally occurring salts.

Arsenic 
Three significant geologic sources of arsenic are found 

in Arizona, and because of this elevated concentrations 
of arsenic occur in groundwater across the state.  Regions 

November, 2009AZ1503
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Figure 1.  Major aquifers and regions of saline groundwater (modified from 
WRRC, 2002)

of granite bedrock with valuable gold ore often contain 
elevated concentrations of arsenic.  Gold prospectors have 
found new mine sites by measuring the concentration of 
arsenic in rivers and streams, using arsenic as a pathfinder 
as they move upstream following greater and greater 
concentrations of arsenic until the source is found – and gold 
is discovered.  In addition, aquifers consisting of alluvium 
eroded from granite bedrock may also contain arsenic.  

If you own a well in Arizona, you have the sole responsibility for checking to see if 
your drinking water is contaminated.  Arizona state law does not require private well 
owners to test or treat their water for purity.

1 Salt deposits consist of common ‘table’ salt (sodium chloride), but can also contain gypsum (a calcium sulfate mineral), calcite (a calcium 
carbonate mineral), and other minerals. 
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The Colorado Plateau of northern Arizona and southern 
Utah consists of layers of ancient sedimentary rock that can 
be seen exposed in the cliffs of the Grand Canyon.  Many 
water supply wells on the Colorado Plateau tap these 
formations.  Arsenic, various metals, and uranium were 
deposited and concentrated within these sediments (Kenny, 
2003).  Wells constructed within the Supai Sandstone in the 
Colorado Plateau have elevated levels of dissolved arsenic in 
the groundwater, as well as uranium and other radioactive 
elements.   

The arsenic-rich Supai Sandstone formation was eroded 
and re-deposited over the past 2 to 5 million years into 
the Verde Alluvium Formation, which now forms the 
aquifer of the Big Chino and Verde Valley.  The highest 
concentration of arsenic in groundwater in Arizona was 
found near Paulden in the Verde Valley, with a concentration 
of 2,900 parts per billion in a private, domestic well.  The 
Environmental Protection Agency (EPA) drinking water 
Maximum Contaminant Level (MCL) for arsenic is 0.010 
mg/L, or 10 parts-per-billion.   For more information about 
arsenic in Arizona groundwater see Arsenic in Arizona 
Ground Water—Source and Transport Characteristics, http://
cals.arizona.edu/pubs/water/az1453.pdf. 

Radioactive Elements 
In Arizona, the most common source of radioactivity 

is dissolved uranium and dissolved radon gas.  Uranium 
mines are found throughout the Supai Sandstone Formation 
(Kenny, 2003) in northeast Arizona.  The water from wells 
within the Supai Sandstone in the Colorado Plateau show 
elevated concentrations of uranium, sometimes exceeding 
the MCL of 0.030 mg/L or 30 parts-per-billion. 

Radioactive elements are unstable and break down (decay) 
releasing energy particles.  For example, uranium eventually 
becomes a new element called radium, which then decays 
to the element radon.  Radon is strongly radioactive as 
it emits high energy alpha particles.  Unfortunately, the 
radon element is an odorless, colorless, tasteless gas that 
dissolves in groundwater and may migrate upward though 
the soil or your well borehole, eventually dissipating into 
the atmosphere.  If radon gas is trapped within a structure, 
such as a basement or shed, the concentration of radon gas 
within the closed structure may exceed health standards.  
The EPA estimates that 1 in 15 U.S. homes contains a high 
level of the gas and it is considered to be the second leading 
cause of lung cancer in the country (epa.gov/rado/radontest.
html).  

‘Gross alpha’ is an indicator of radioactivity in water 
whether it is due to the decay of uranium, radium, or 
radon, and is a gross measurement of the amount of overall 
radioactivity.  ‘Gross alpha’ is a common naturally occurring 
“contaminant” in Arizona bedrock aquifers.

Fluoride and other Constituents 
Fluoride is a common mineral that is concentrated in 

volcanic materials, and mineral particles that contain fluoride 
are common in some sedimentary rocks.  In Arizona, the 

highest fluoride concentrations are found in Cochise County 
(Hem, 1985); Mohave, Graham, and Greenlee Counties 
(ADEQ, 2005); and along the lower Gila River in Yuma 
County.  Although fluoride at high concentrations may be 
harmful, it is essential for strong teeth and bones; many 
municipal water supply systems add fluoride to the water 
in a process called fluoridation.  Excessive concentrations in 
drinking water results in tooth mottling and discoloration.  
The MCL for fluoride is 4.0 mg/L. 

Elevated levels of other naturally occurring constituents 
have been found in wells across Arizona.  For example, 
naturally occurring hexavalent chromium (CrVI), known 
to cause cancer, has been found in Paradise Valley north 
of Phoenix and in the Detrital Valley near Kingman 
(Robertson, 1975).  Lithium is found in the groundwater 
of the Gila Valley near Safford.  Selenium and boron are 
also detected in groundwaters near Yuma and within Pinal 
County, as well as near Kingman.  Each of these constituents 
has known health impacts and should be avoided in high 
concentrations.  The mineral-rich geology of our state 
results in elevated levels of elements such as copper, 
zinc, manganese, and sulfate minerals occasionally being 
encountered in groundwater near mining districts.  Iron is 
found in nearly all groundwater and is responsible for iron-
bacterial fouling and rotten egg smell of some well water.

Anthropogenic Contaminants 
Anthropogenic contaminants are those chemicals that 

have been introduced to the environment by the activity 
of man.  These contaminants include industrial chemicals 
inadvertently released into the environment, those derived 
from land use activities such as oils and grease flushed off 
roadways and agricultural chemicals applied to crops.  In 
early June of 2003, the cause of the death of aquarium fish 
in a home in Tucson was traced to mercury in the water 
supply.  The single source of mercury was a broken water-
level indicator, a mercury switch, within one of the wells 
of the water provider for the neighborhood.  This isolated 
incident points to the fact that water contaminants can be 
found very close to home. 

A neighborhood of recently installed private domestic 
wells in a new subdivision in New York was tested for 
contaminants after concern was expressed about the 
proximity of a nearby landfill.  All wells failed water quality 
testing because a dissolved industrial solvent was found.  
Since the solvent is also a common contaminant associated 
with landfills, an extensive investigation was conducted to 
tie the pollution to the landfill, but no link could be found.  
The source of water contamination was discovered to be the 
solvent used to glue the plastic polyvinyl chloride (PVC) 
pipe used to construct the wells and plumbing.  

Chemical plants, manufacturing facilities, gas stations, 
repair shops, landfills, and mining activities all have the 
potential to release contaminants into the environment.  
Many Superfund Sites (EPA mandated environmental clean-
up sites) were first discovered because domestic well owners 
noticed an unusual odor as they showered or an odd taste to 
their well water.  In some cases groundwater contamination 
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has extended miles beyond the original source.  Although 
most major sources of groundwater in Arizona are deep (>50 
feet), industrial solvents like Trichloroethylene (TCE) have 
contaminated several aquifers in our state.  The US EPA 
has identified at least 10 Superfund sites with groundwater 
contaminated by TCE in Arizona.  There are also 35 Water 
Quality Assurance Revolving Fund (WQARF) listed sites in 
Arizona and most contain toxic chlorinated solvents (Artiola 
& Ramirez, 2006)  Both Superfund Sites and WQARF sites 
can be found at  http://www.azdeq.gov/environ/waste/sps/
index.html.  

If there is a site in your neighborhood, you may want to 
follow up with the Arizona Department of Environmental 
Quality (ADEQ) to obtain information to determine if your 
water supply is at risk of contamination.

The gasoline additive MTBE (Methyl tertiary-butyl 
ether) was added to gasoline in the late 1970’s to boost 
octane, to replace the toxic metal lead, and to reduce air 
pollution.  Unfortunately, the fate of this chemical in the 
water environment was not fully tested before it was 
approved as a gasoline additive and has since been tied to 
respiratory problems.  This chemical is very soluble and 
stable (degrades slowly) and has contaminated numerous 
groundwater supplies due to leaky underground gasoline 
tanks.  Today, the fate and transport of MTBE in the 

subsurface is the subject of ongoing research studies.  It 
is now banned in California, and EPA is taking actions to 
reduce and eventually eliminate MTBE use (http://www.
epa.gov/mtbe/faq.htm#actions).

Often, the most likely source of groundwater pollution 
in a domestic well is found near the well-head (Figure 2).  
Stored pesticides, lawn amendments, oil and grease, and 
failing septic systems are the most likely sources of domestic 
water supply pollution.  Septic tank de-greasers are banned 
in many states because the chemicals, industrial solvents, 
rapidly percolate through the soils and contaminate the 
aquifer.

It is worthwhile to note that the odor threshold (the 
concentration at which the human nose can detect an odor) 
of some natural and industrial chemicals is lower than the 
detection capacity of a testing laboratory.  What this means 
is that sometimes we can be alerted to the presence of 
contaminants in water by their smell.  However, one should 
not rely on the sense of smell only to determine the possible 
presence of contaminants in well water.

Pathogens
Drinking water supplies that depend on groundwater are 

subject to contamination by waterborne pathogens.  The 

Figure 2.  Typical Sources of Pollution near domestic wells (modified from Ontario, 2003)
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detection of these pathogens (and other indicator organisms) 
may indicate fecal contamination of the groundwater.  
These pathogens can originate from leaking sewer lines, 
septic systems, or improperly protected well heads that 
allow contaminated surface water to drain into the aquifer 
along the outer well casing.  Contaminated groundwater 
represents approximately half of the waterborne disease 
outbreaks documented in the United States every year. 
Typical symptoms associated with an infection include 
severe cramping, abdominal pain, dehydration, and 
diarrhea.

Iron bacteria thrive in groundwater with high 
concentrations of naturally occurring dissolved iron but 
are non-injurious to health.  Iron bacteria are nuisance 
organisms that cause plugging of the pores in the aquifer 
and the openings of the well screen.  The bacteria produce 
accumulations of slime within the well, and precipitate iron 
and manganese.  The combined effect of the growth of the 
organisms and precipitated mineral has been reported to 
reduce well yield by 75% within a year in some locations 
(Johnson Division, 1972).
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This ‘Fact Sheet’ is a companion publication to the “Arizona Well Owner’s Guide to Water Supply”  CALs publication # AZ1485 



 SULFATE IN WELL WATER 
 

 

 

What is sulfate? 
Sulfate (SO4) is a chemical commonly found in air, soil and water. Since it is soluble 

(easily dissolved) in water, sulfate is found in many aquifers and in surface water. 

However, at high levels, sulfate can give water a bitter or astringent taste and can have 

laxative effects. This brochure provides a basic discussion of sulfate in well water and 

discusses actions you can take to minimize its effects.  

 

How does sulfate get into the groundwater? 
As water moves through soil and rock formations that contain sulfate minerals, some of 

the sulfate dissolves into the groundwater. Minerals that contain sulfate include 

magnesium sulfate (Epsom salt), sodium sulfate (Glauber’s salt), and calcium sulfate 

(gypsum). Additionally, combustion of fossil fuels releases large quantities of sulfur to 

the atmosphere. Sulfur in the atmosphere is oxidized to sulfate and eventually deposited 

with precipitation or through dry deposition. Other sources of sulfur include 

decomposition of organic matter, fertilizers and natural sources (such as volcanoes), and 

industrial sources (such as mines). Since sulfate is mobile in soil, inputs to soil will 

impact ground water. 

 

The level of sulfate in most groundwater is low, less than 250 milligrams per liter 

(mg/L)*, which is the National Secondary Drinking Water Standard. However, sulfate 

can occur in groundwater at higher levels depending on the magnitude of inputs from the 

above processes.  

 

* One mg/L is one thousandth of a gram in a liter of water, which is approximately 

equal to 1 part per million (ppm). One ppm is approximately equal to one drop of the 

substance in 10 gallons of water. 

 

Are there health risks for humans who drink water 
containing sulfate? 
People unaccustomed to drinking water with elevated levels of sulfate 

can experience diarrhea and dehydration. Infants are often more sensitive to 

sulfate than adults. As a precaution, water with a sulfate level exceeding 400 mg/L 

should not be used in the preparation of infant formula. Older children and adults 

become accustomed to high sulfate levels after a few days. 

 

Can sulfate harm animals? 
Animals are also sensitive to high levels of sulfate. In young animals, high levels maybe 

associated with severe, chronic diarrhea, and in a few instances, death. As with humans, 



animals tend to become accustomed to sulfate over time. Diluting water high in sulfate 

with water low in sulfate can help avoid problems of diarrhea and dehydration in young 

animals and animals not accustomed to drinking high sulfate water. The ratio of water 

high in sulfate to water low in sulfate can be gradually increased until the animals can 

tolerate the high sulfate water. Contact a veterinarian or the Yavapai County Office of the 

Arizona Cooperative Extension for more information.  

 

Can sulfate cause other problems? 
If sulfate in water exceeds 250 mg/L, a bitter or medicinal taste may render the 

water unpleasant to drink. High sulfate levels may also corrode plumbing, particularly 

copper piping. In areas with high sulfate levels, plumbing materials more resistant to 

corrosion, such as plastic pipe, are commonly used. 

 

How can sulfate be removed from water? 
Three types of treatment systems will remove sulfate from drinking 

water: reverse osmosis, distillation, or ion exchange. Water softeners, 

carbon filters, and sediment filters do not remove sulfate. Water 

softeners merely change magnesium or calcium sulfate into sodium 

sulfate, which is somewhat more laxative. 

 

Reverse osmosis (RO) is a water treatment system that removes most dissolved 

substances, such as sulfate, from water by forcing the water through a cellophane-like 

plastic sheet known as a “semipermeable membrane.” It can typically remove between 93 

and 99 percent of the sulfate in drinking water depending on the type of unit. A small 

counter top RO unit will produce about 3 gallons per day. Slightly larger units that are 

usually installed under the sink will produce 5 to 20 gallons per day. RO units typically 

produce only 1 gallon of water for every 4 to 10 gallons of water treated. The remaining 

water goes to waste. 

 

Distillation is a water treatment system that boils water, then cools the steam until it 

condenses into a separate container. The dissolved substances, such as sulfate, are left 

behind in the boiling pot. With proper operation, distillation units can remove nearly 100 

percent of sulfate. Distillation units require about four hours to produce 1 gallon of water, 

so this type of treatment uses a considerable amount of energy in its operation. 

 

Ion Exchange is the most common method of removing large quantities of sulfate from 

water for commercial, livestock, and public supplies, but is not commonly used for 

individual household water treatment. It is a process where one element or chemical is 

switched for another. Many people are familiar with water softening, one common 

type of ion exchange system. Water softening works by passing “hard” water - 

water with calcium and magnesium - through a tank filled with a special resin saturated 

with sodium ions. The hardness minerals stick to the resin, and the sodium is dissolved in 

the water. Ion exchange systems for removal of sulfate work in a similar manner, but use 

a different type of resin. Sulfate ions in the water exchange places with other ions, 

usually chloride, which is on the resin. When the resin is full to capacity with sulfate, it 



must be “regenerated” with a salt solution. Water softeners for removal of hardness do 

not remove sulfate, and sulfate removal systems do not remove hardness, although some 

commercial units contain both resins and can remove both hardness and sulfate. 

 

If both a water softener and a sulfate removal system are used, the water softener is 

usually placed before the sulfate removal system. Any water treatment system requires 

proper operation and maintenance to ensure that it continues to function properly. It is 

important to follow the recommendations of the manufacturer and installer for the 

maintenance of the water treatment system.  

 

Contact Information: 
U.S. Environmental Protection Agency 

Safe Drinking Water Hotline 

1-800-426-4791 

 

Arizona Department of Environmental Quality  
Drinking Water Program   

(602) 771-4651  

www.azdeq.gov/environ/water/dw/index.html 

 

Arizona Cooperative Extension, Yavapai County Office 
(Main) Prescott  

840 Rodeo Drive Building C 

Prescott, AZ, 86305  

Phone: 928-445-6590  

Fax: 928-445-6593  

 

(Satellite) Cottonwood  

2657 S. Village Drive 

Cottonwood , AZ, 86326-5875  

Phone: 928-646-9113  

Fax: 928-646-9108 

 

Water Quality Association 
P.O. Box 606 

4151 Naperville Road 

Lisle, IL 60532 

www.wqa.org 

 

National Sanitation Foundation 
P.O. Box 130140 

789 N Dixboro Road 

Ann Arbor, MI 48113-0140 

(734) 769-8010, (800) NSF-MARK 

www.nsf.org 

http://www.azdeq.gov/environ/water/dw/index.html
http://www.wqa.org/
http://www.nsf.org/
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Water Facts: 
Home Water Treatment Options1

 Today, homeowners have access to several water treatment 
systems to help control minerals and contaminants and 
to disinfect their water. Nearly half of the homes in the 
U.S. have some type of water treatment device.  Mistrust 
of public water utilities, uncertainty over water quality 
standards, concerns about general health issues and limited 
understanding about home water treatment systems have 
all played a role in this increasing demand for home water 
treatment systems.  Private well owners also need to provide 
safe drinking water for their families and have to make 
decisions as to how to treat their own water sources to meet 
this need. However, choosing a water treatment system is no 
easy task.  Depending of the volume of water and degree of 
contamination, the homeowner should consider professional 
assistance in selecting and installing water treatment systems.   
The process of selection is often confounded by incomplete 
or misleading information about water quality, treatment 
options, and costs.  The following paragraphs outline the 
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Figure 1. Water Filtration Guide. Adapted from: Water Quality Improvement Center.

major water treatment options.  Further details on types, 
uses (point of use versus point-of-entry) and costs of these 
home water treatment systems are provided in the Arizona 
Know Your Water booklet. Additional information about 
Arizona’s water sources that can help private well owners 
make decisions about home water treatment options, can 
be found in Arizona Well Owner’s Guide to Water Supply 
booklet and Arizona Cooperative Extension Fact Sheets (see 
references section).

Each of the following water treatment options should 
be carefully evaluated when considering water treatment 
alternatives to reduce the levels of mineral (inorganic) and 
carbon-based (organic) contaminants, and disinfect water. 
These methods are well proven and widely accepted by 
experts and regulatory agencies as being efficient for the 
reduction of contaminants in water.  Use the Filter Application 
Guide to help determine which system is right.

FILTER APPLICATION GUIDE
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1  This material has been adapted from Arizona Know your Water (2006) and Arizona Well Owner’s Guide to Water Supply (2009).
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Particle and Microfiltration 
Particle filtration is a process that removes small amounts 

of suspended particles, ranging in size from sand to clay, 
from water. It can be used alone or prior to other water 
treatment devices installed in homes. Home filters are not 
intended to filter large amounts of particles. However, larger 
filtration systems (usually located near the well head or at the 
home point of entry) are available to remove well sediments 
and particulates, depending on the well water quality. 
Microfiltration may also be used to remove some bacteria and 
large pathogens, like cysts (Giardia and Cryptosporidium). Note 
that microfiltration should not be relied on to disinfect water 
with high concentrations of bacteria and viruses; instead, 
chemical disinfection should be used. Other forms of filtration 
include ultrafiltration and reverse osmosis.

Activated Carbon Filter  
Activated carbon filtration, a form of ultrafiltration, often 

used as a point of use treatment, may be selected to reduce 
unwanted taste, odor, and low concentrations of organic 
chemicals (such as pesticides and solvents) from drinking 
water. Activated carbon will also reduce radon gas and 
residual chlorine. Larger filters are available to treat high 
volumes of water but these usually require professional 
installation and maintenance. Carbon filters will not remove 
or reduce major inorganic ions (e.g., sodium, calcium, 
chloride, nitrate, and fluoride or metals). However, some 
carbon filters can reduce lead, copper, and mercury. Activated 
carbon filters will not soften the water or disinfect it. If the 
source water is cloudy, a particle filter should be used before 
the activated carbon filter in order to remove particles that 
may plug or reduce its efficiency. 

Reverse Osmosis 
Reverse osmosis (RO) is becoming a common home 

treatment method to reduce total dissolved solids (TDS) in 
drinking water. RO, probably best known for its use in water 
desalinization projects, can also reduce chemicals associated 
with unwanted color and taste. It also may reduce pollutants 
like arsenic, lead, and many types of organic chemicals.

RO treatment is not effective for the removal of dissolved 
gases such as radon, or for some pesticides and volatile 
organic chemicals such as solvents. Consumers should check 
with the manufacturer to determine which contaminants are 
targeted and what percent of the contaminant is removed.

RO is not recommended for sediment (particle) and 
pathogens. Pretreatments such as particle filtration (to 
remove sediments), carbon filtration (to remove volatile 
organic chemicals), chlorination (to disinfect and prevent 
microbial growth), pH adjustment or even water softening (to 
prevent excessive fouling produced by water with excessive 
hardness) may be necessary for optimum RO functioning.

Distillation 
Distillation effectively removes inorganic contaminants 
(suspended matter including minerals and metals) from 
water. Since distilled water has no minerals, some people 
claim distilled water tastes flat or slightly sweet. Distillation 
kills or removes microorganisms, including most pathogens. 
Distillation can also remove organic contaminants, but 
its efficacy depends on the chemical characteristics of the 
contaminant. Volatile organic chemicals (VOCs) like benzene 
and trichloroethylene (TCE) that boil at a temperature lower 
than water vaporize along with the water and re-contaminate 
the distilled water if not removed prior to distillation. Some 
distillation units may initially purge some steam and volatile 
chemicals. These units should be properly vented to prevent 
indoor air contamination (venting into the home may not be 
a good choice). Some home distillation units have activated 
carbon filters to remove VOCs during distillation. 

Figure 2. Faucet-mounted carbon filter (insert: activated carbon grains).

Figure 3. Reverse Osmosis Process.
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Ion Exchange—Water Softening 
Ion exchange units that replace calcium and magnesium 

ions from water are known as water softeners. They may 
also remove varying amounts of other inorganic pollutants 
such as metals, but they will not remove organic chemicals, 
pathogens, particles, or radon gas.  Water softener units 
work most efficiently with particulate-free water.  Note that 
soft water, in particular with elevated sodium levels, should 
not be used to water houseplants, garden vegetables or yard 
plants with low salinity tolerance.  Soft water may not be 
suitable for drinking due to its salty taste and elevated levels 
of sodium or potassium.

Disinfection 
Waterborne contaminants must be either filtered out of 
the water or killed (inactivated) to make the water safe to 
drink.  The methods discussed above are not suitable (except 
for distillation) for this purpose. As a rule, water must be 
disinfected using chemicals (oxidizing agents such sodium 
or calcium hypochlorite, chloramines, chlorine and ozone), 
boiling, or ultraviolet (UV) radiation. Water disinfection 
will not remove inorganic contaminants from water but it 
may change the chemical species of some of them and can 

Figure 4. Water Softening (Ion Exchange) Process.

form disinfection byproducts that may be of concern.  See 
the Arizona Know Your Water booklet for a more detailed 
discussion on water chemical and UV-radiation disinfection 
methods. 

Boiling 
Two minutes of vigorous boiling ensures biological safety2.  

Boiling kills most organisms in water (whereas chlorination 
reduces them to safe levels).  However, boiling is costly 
and practical only as an emergency measure.  Remember 
that once boiled, cooled water must be protected from re-
contamination.

Emergency Disinfection 
The use of household chemicals (such as bleach or iodine) 

to disinfect water without the appropriate equipment or 
technical supervision should only be considered under 
emergencies. For a list of these chemicals and their safe use, 
see the EPA website: www.epa.gov/OGWDW/faq/emerg.
html.

References and Additional Sources of 
Information
Arizona Know Your Water. 2006. A consumer guide to water 

sources, quality, regulations, and home water treatment 
options.  The University of Arizona College of Agriculture 
and Life Sciences. Tucson, AZ. 85721. http://cals.arizona.
edu/pubs/

Arizona Well Owner’s Guide to Water Supply. 2009.  The 
University of Arizona Cooperative Extension Bulletin No. 
AZ1485. College of Agriculture and Life Sciences. Tucson, 
AZ 85721 http://cals.arizona.edu/pubs/

Commonly Available Home Water Treatment Systems. 2009. 
Arizona Cooperative Extension fact sheet AZ1486m. 
http://cals.arizona.edu/pubs/

Matching Drinking Water Quality Problems to Treatment 
Methods. 2009. Arizona Cooperative Extension fact sheet 
AZ 1486l. http://cals.arizona.edu/pubs/

US EPA Well Water & Drinking Water  
     (http://www.epa.gov/ogwdw/faq/faq.html)

This website contains a wealth of information including 
frequently asked questions on water quality, standards, 
water treatment units, home water testing, health-related 
questions and how to obtain information on local drinking 
water sources. This website also provides links and 
telephone numbers to: 

Water Softening Process (ION Exchange)

untreated water

treated water

= Calcium or Magnesium
Ions

= Sodium or Potassium
Ions

resin

Resin bead

2   Cysts may not be completed destroyed with heat; these must be removed using particle filtration methods prior to heat treatment and/or       
   chemical disinfection.



NSF International (http://www.nsf.org/consumer/) and the 
Underwriters Laboratories (UL)  (http://www.ul.com/
global/eng/pages/).  These organizations certify and 
provide information about home water treatment devices 
and brands.
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Safe Gardening, Safe Play, and a Safe Home 
February 2010 

 

This pamphlet was designed for residents living near the Iron King Mine – Humboldt Smelter Superfund 

Site in Dewey-Humboldt, AZ. The purpose is to provide residents with good health practice tips for the 

home, lawn and garden work, and play. By following the tips in this pamphlet, residents can greatly 

reduce their exposure to arsenic as well as to other potentially harmful materials such as pesticides and 

germs that might be in the soil. 

 

Introduction 

Some residential yards near the Iron King Mine – Humboldt Smelter Superfund Site are impacted from 

arsenic and lead contamination from the Site. Until residential soils are cleaned up, the good practice 

tips in this pamphlet will be help reduce exposures to arsenic, pesticides, and germs that might be 

present in the soil. 

 

Enjoying Your Lawn and Garden 
Eating fruits and vegetables and getting plenty of exercise are essential parts of a healthy lifestyle. 

People enjoy many activities on their lawn and in their garden, which provide places both for exercise 

and for growing fresh fruits and vegetables. Arsenic is a naturally occurring element widely distributed 

in the earth’s crust. Some soils are naturally high in arsenic; however, some soils may have been 

artificially enriched through human activities. Contaminated soils contain concentrations of elements 

exceeding the natural background level for local soils. This pamphlet focuses on arsenic-contaminated 

soils, because arsenic is the most widely distributed and elevated contaminant found at the Iron King 

Mine – Humboldt Smelter Superfund Site (the “Site”).  

 

Home gardening is one of the most popular forms of recreation. Gardening puts people in 

intimate contact with soil and plants grown in soil. Gardening on arsenic-contaminated 

soil increases the likelihood of exposure to this potentially toxic element. Activities such as playing, 

gardening, and working on your lawn can increase your opportunity for exposure even though they are 

healthful activities. The information in this pamphlet will help you understand how to reduce your 

chances of exposure so you do not feel you have to give up the outdoor activities that you and your 

family enjoy. Understand that each property is different. Some of the tips outlined may apply to your 

situation and some may not. 

 

Arsenic 

The major source of elevated arsenic in residential yards near the Site is from historic mining and 

smelting activities. Thus far, the U.S. Environmental Protection Agency (EPA) has removed soil from 

four contaminated yards and is planning additional residential yard cleanup as part of the Superfund 

cleanup process. Until the contaminated soil is replaced, residents may reduce their chances of exposure 

by following the guidelines in this pamphlet.  

 

Arsenic and Gardening 

Gardening in soil with elevated levels of arsenic has two main issues: cleaning soil from the edible 

portion of the plant and absorption of arsenic by the plant. It is always a good health practice to wash all 

fruits and vegetables thoroughly whether they are bought or homegrown. Washing the soil from your 
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homegrown fruits and vegetables is one of the most effective ways of reducing your exposure to not 

only arsenic but to pesticides and germs. 

 

Most edible plants absorb some small amounts of arsenic, but usually do not contain enough arsenic to 

be of health concern. The amount of arsenic absorbed by plants can depend on many factors. Some of 

the most important factors are soil acidity, nutrient content, iron, organic matter, and plant type. Plants 

can absorb more arsenic if you have acidic soil. Keeping your soil at a near-neutral range (pH 6-7) can 

help reduce the amount of arsenic absorbed in plants. Maintaining adequate levels of plant nutrients in 

your soil can help reduce arsenic absorption. Adding a balanced commercial fertilizer to soil can help 

maintain correct levels of key plant nutrients. Iron can prevent arsenic from being absorbed. The iron 

combines with arsenic to form iron arsenate, a form of arsenic that is not well absorbed by plants. 

Increased amounts of organic matter are also helpful; the organic matter binds to arsenic and reduces 

how much plants take up. Some lawn and garden products contain arsenic, so it is a good idea to check 

with your lawn and garden store for products that do not contain arsenic. 

 

Plants vary in the amount of arsenic they absorb from the soil and where they store arsenic. Some plants 

move arsenic from the roots to the leaves, while others absorb and store it in the roots only. Fruit -type 

vegetables such as tomatoes concentrate arsenic in the roots and very little arsenic is taken up in the 

edible portion of the plant. Leafy vegetables also store arsenic in their roots, but some is also stored in 

the stems and leaves. Lettuce and some members of the Brassica plant family such as collards, kale, 

mustard, and turnip greens store more arsenic in the leaves than do other crops, but not at concentrations 

high enough to cause concern. Root crops such as beets, turnips, carrots, and potatoes absorb most of the 

arsenic in the surface skin of the vegetable. By peeling the skins of root crops, you can eliminate the 

portion of the plant that contains arsenic. Recommendations for conditioning your soil, washing 

vegetables, and peeling root crops are intended to provide you the property owner with additional 

options for reducing exposure to arsenic. By following the recommendations in the Tips for Safe 

Gardening, Safe Play, and a Safe Home section, you can greatly reduce your exposure to arsenic from 

the soil. 

 

Tips for Safe Gardening, Safe Play, and a Safe Home 

 

Working in the Garden and Yard  

 Avoid eating or drinking while working in the yard or garden because contaminated soil and dust 

might get on your food and you could accidentally swallow it.  

 Dampen soils with water before you garden to limit the amount of dust you inhale.  

 Avoid working in the yard on windy days, when dust can be stirred up and possibly increase 

your exposure.  

 Consider wearing a mask if you spend time in dusty areas.  

 Wash your hands after gardening.  

 Wash work clothes to remove dust and dirt.  

 Take your shoes off at the door to avoid tracking soil into your home.  

 

Preparing Fruits and Vegetables  

 Clean your hands, cutting boards, and kitchen tools with hot, soapy water and rinse well before 

and after handling your fruits and vegetables.  
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 Soak garden produce in cool water and rinse thoroughly until the water runs clear. Commercial 

vegetable cleaning products are available in supermarkets to help free soil residues from your 

produce. These products work well with leafy vegetables. Vinegar can also be used for cleaning 

produce.  

 Scrub firm fruits and root crops with a vegetable-cleaning brush to remove dust and dirt before 

peeling or eating.  

 Peel root crops like carrots, rutabagas, radishes, and turnips.  

 Wash berry fruits like strawberries and blackberries, and remove the "caps" (the tops of the 

berries where the stem and leaves attach).  

 Buy Some, Grow Some: Eat some fruits and vegetables from your garden and some from the 

farmer's market or grocery store. Eating a mix of homegrown and commercial products can help 

reduce your potential exposure.  

 

Creating Play Areas for Children  

 Fill sandboxes with sand or soil from an outside source such as a commercial gardening center.  

 Cover bare soil with grass or other material such as mulch.  

 Keep children from playing in contaminated soil. The most likely way for children to become 

exposed to arsenic is from ingesting (eating) dirt.  

 Have children wash hands and faces after they play in the yard.  

 

Cleaning Your Home  

 Remove work and play shoes before entering your house.  

 Damp-mop floors and wipe down counters, tables, and window ledges regularly.  

 To reduce dust levels in the home, consider upgrading your vacuum cleaner bags to those that 

filter better or simply change your bags more often. Some persons may want to buy a vacuum 

cleaner with a HEPA (high-efficiency particulate air) filter to better reduce dust levels.  

 Wash the soil from homegrown fruits and vegetables before bringing them into your home.  

 Keep pets out of areas of contaminated soil. Dogs and cats carry contaminated soil on their feet 

and fur into the home. Bathe your pets frequently. 
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Gardening on Lead- and Arsenic-Contaminated Soils

A The chemical elements lead and arsenic are potentially toxic to people. Although lead and
arsenic occur naturally in the environment, their concentrations have increased, and they have
become more widely distributed because of human activities. Societal concerns about excessive
human exposure to lead and arsenic prompted development of new products and practices to
reduce or eliminate the many industrial and residential uses of the two elements. The principal
historical sources of lead (leaded gasoline, lead-based paint) and arsenic (arsenical pesticides)
are now outlawed in the United States.  As a result, overall human exposure to lead and arsenic is
much lower than in the past; however, the legacy of environmental contamination because of
past lead and arsenic use is taking on renewed importance. Recent scientific research suggests
that human health, especially for infants and small children, may be adversely affected by
exposure to lower levels of lead and arsenic than previously believed.  Hence, taking additional
steps to reduce human exposure to the remaining sources of lead and arsenic may be warranted.

Soil is a major repository for lead and arsenic released by human activities. Some soils are
naturally high in lead or arsenic, but many have been artificially enriched through a variety of
means. Contaminated soils contain total concentrations of elements exceeding the natural back-
ground level for local soils. Contamination is an intrinsic property of soil, and contaminated soils
are easy to identify by chemical testing. They may or may not pose a health hazard, depending
on the amount and type of contamination. Polluted soils contain concentrations of an element
exceeding some regulatory level associated with impaired human or environmental health.
The defining criteria for polluted status can change for scientific, social, economic, or political
reasons. This bulletin focuses on lead- and arsenic-contaminated soils, based on the premise
that reducing exposure to soil lead and arsenic, regardless of their concentrations, will help
protect human health.

Home gardening is one of the most popular forms of recreation. Gardening puts people in
intimate contact with soil and plants grown in soil. Gardening on lead- or arsenic-contaminated
soil increases the likelihood of exposure to these two potentially toxic elements. This bulletin
provides general information on

• Why some soils contain elevated amounts of lead and arsenic,

• How to tell if a soil contains elevated lead and arsenic concentrations, and

• How to minimize risk of exposure if one chooses to garden on such soils.

This bulletin addresses home gardening on lead- and arsenic-contaminated soils. Ingestion
of lead and arsenic in drinking water or meat and fish foodstuffs, and exposure through house-
hold dust are other important routes for human exposure. Specific information about the effects
of lead and arsenic on human health and reducing exposure in industrial settings and within the
home can be obtained from the following:

U.S. Centers for Disease Control and Prevention, Atlanta, GA 30333 (http://www.cdc.gov),
the U.S. Environmental Protection Agency (http://www.epa.gov), and from state and local public
health agencies.
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Lead and arsenic in the environment

Lead is a metallic element found everywhere in the human environment because of industri-
alization. Humans have used it in some form since prehistoric times. While lead has a multitude
of beneficial uses, it has no known physiological value in humans. High levels of lead exposure
can adversely affect human health.

Arsenic is classified as a metalloid (having some properties of a metal) and, like lead, occurs
everywhere in the environment. Arsenic also has many beneficial uses but can cause human
health problems if exposure is sufficient. Environmental contamination with arsenic because
of human activities is less widespread than contamination from lead but can be of regional and
local importance.

Lead and arsenic occur naturally in all soils and waters. Plants absorb soil lead and arsenic
through their roots; hence, all plants contain small amounts of both elements. The relationship
between soil and plant lead varies so much it is impossible to predict accurately how much lead
a plant will take up when grown on a soil containing a particular amount of lead. Plant arsenic
concentrations tend to increase with increasing soil arsenic, then stabilize at some maximal value
at higher concentrations in soil. The exact relationships between plant and soil lead and arsenic
vary with factors ranging from chemical forms of the elements in soil, soil properties, climate, soil
and plant management practice, to plant species and varieties.

Sources of lead and arsenic

People in residential settings are exposed to lead from many sources. These include natural
background soil lead, lead-based paint, leaded gasoline, lead-based pesticides, drinking water,
aerosols and dusts from smelters and mines, hobby activities (e.g., pottery glazes; soldering;
casting ammunition, fishing weights, toy soldiers and other metal objects), leaching from
containers (e.g., improperly glazed ceramic ware; leaded crystal; lead-soldered cans), some
food supplements, and “traditional” medicines. Industrial workers also may bring home lead-
contaminated work clothes or wash such clothing with the family laundry.

In most cases, high lead contamination in home garden soils originate from four sources:
paint, gasoline, insecticide, and industrial fallout.

• Lead-based paint (containing up to 50% lead) was widely used up to the mid-1940s
because it was more durable than the non-lead-based paint of the day. Estimates indicate
that 90% of homes built before 1940 contain lead paint. Use of lead-based paints declined
during the 1950s and was banned for home use in 1978. Industrial uses of high-lead paint
are still allowed. Flaking, chalking or other disturbance of lead-based paint on exterior
surfaces of buildings and other structures create lead-rich dusts that fall onto nearby soil
and increase soil lead content.

• Oil companies added lead to gasoline because it was an inexpensive and effective
octane-booster and anti-knock compound. Combustion of leaded gasoline produced tiny
lead-rich particles. About 75% of gasoline lead was emitted from exhaust pipes; oil or
internal surfaces of the engine and exhaust system trapped 25%. The lead-rich exhaust
dust fell directly onto soil near the road or blew a short distance first. Gasoline-derived
soil lead is highest adjacent to roadways, parking areas, and driveways. Lead particle size
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A and soil lead concentrations drop off quickly with increasing distance from driving
surfaces; however, gasoline lead often has accumulated in more distant soils near
structures that interfere with wind patterns. The wind-transported lead particles struck
and stuck to houses, trees, and other barriers, and eventually were washed into the soil
by rain. As a result, soil lead can be high around houses not painted with lead-based paint
or those not adjacent to roads. Soil lead concentrations typically are higher near heavily
used roads than near less traveled roads. Some states banned leaded gasoline as early
as 1986. Washington continued to allow leaded gasoline until the end of 1995, when it
was banned nationwide.

• Lead arsenate was a popular insecticide during the first half of the 20th century because
of its low toxicity to plants and great effectiveness for controlling insect pests. The most
common use was for control of codling moth in commercial apple orchards. Ranchers also
used large quantities for grasshopper control baits. Smaller but still substantial amounts
were used on deciduous tree fruits other than apple, in home gardens and orchards, for
mosquito control, and on lawns and golf greens. Applicators used other arsenic-based
pesticides for agricultural crops, turfgrass, gardens, and rights-of-way.

• Repeated applications of lead arsenate over time caused lead and arsenic to accumulate
in soil. Soil lead and arsenic concentrations vary considerably in former orchard sites
because applicators using hand-held sprayers applied lead arsenate individually to trees.
Higher concentrations tend to occur where the former trees stood; lower concentrations
appear between the former tree sites. Use of lead arsenate in apple orchards in
Washington ended about 1947 when a more effective replacement pesticide was
introduced. Use continued in some other states and countries through the 1960s.
Lead arsenate was banned on most food crops in the U.S. in 1988 and on all food crops
in 1991. Growing garden crops on soils containing lead arsenate residues raises potential
problems when pre-1947 orchard land is converted to residential use.

• Soil lead and soil arsenic often are high around existing metal ore smelters and former
smelter sites due to lead- and arsenic-rich ash emitted from smokestacks, or lead- and
arsenic-rich dusts blown off ore and slag piles. Metal ores frequently contain arsenic,
which is released during smelting as arsenic-rich gases. Soil lead and arsenic concentra-
tions typically decrease with increasing distance from the source and are highest in the
predominant downwind directions. Smelter-derived lead dust also may accumulate at the
bases of structures obstructing wind flow patterns. Particulate- and gas-trapping devices
and ore pile covers are now required to reduce uncontrolled releases of lead and arsenic
from operating smelters.  Use of smelter slag for construction and landscaping may have
distributed lead and arsenic into residential areas. Soils formed on metal ore mine tailings
also may be high in lead and arsenic.

Arsenic is present in coal and at much smaller concentrations in oil. Like ore smelting,
combustion of fossil fuels in electrical power plants releases arsenic, which can be
deposited onto nearby soil. Trapping devices now used to minimize arsenic release from
fossil fuel-fired power plants may not have been used in the past. Arsenic dusts and gases
also are released during cement manufacture.

• Leaching of arsenic from treated lumber can increase soil arsenic near the wood.
Lumberyard use of arsenicals as wood preservatives is a specific, legal treatment.

• Soils can be naturally high in arsenic, as reported at the upper ends of some valleys in
Washington’s Cascade Mountains. Rocks high in arsenic release this element as the rock
weathers, causing arsenic enrichment of local soil and groundwater. Volcanic emissions
and hot springs associated with volcanic activity are another natural source of arsenic.
Surface runoff or percolating groundwater from springs having high concentrations of
arsenic can increase the soil arsenic content of nearby soils.
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IDENTIFYING LEAD and ARSENIC CONTAMINATION
in SOILS

Soil lead typically occurs as minerals of very low solubility or as positively charged ions
strongly bound to soil particle surfaces. Lead solubility is particularly low at high soil pH and in
the presence of high soil phosphorus. Lead normally has very poor mobility in soil. Most surface-
deposited lead resides in the top few inches of soil unless the soil profile has been physically
mixed due to tillage, digging, or some other disturbance. In this case soil lead redistribution can
occur throughout the depth of mixing.

Soil arsenic normally occurs as negatively charged ions bound to soil particle surfaces or
making up part of their structure. Soil arsenic is more soluble and more mobile than soil lead.
Arsenic solubility and mobility usually increase in very wet or flooded soils. Soil arsenic also is
redistributed in the soil by tillage. Most surface-deposited arsenic remains in the topsoil, but
considerable amounts may have leached into the subsoil, particularly in sandy soils.

Former and existing land uses

Knowledge of current and past land use offers clues about possible lead and arsenic soil
contamination. Most unrestricted releases of lead and arsenic from human activities occurred
before the 1960s. Because land use may have changed substantially since then, current use may
not accurately reflect historical use.

• Suspect soil lead contamination if the garden is within 20 feet of older buildings
or other structures once painted with lead-based paints.

• Suspect soil lead contamination if the garden is within 100 feet of roadways and
parking areas, particularly near high-traffic routes.

• Suspect soil lead and arsenic contamination if the garden is within 1 mile of
existing or former smelters, fossil fuel-fired electrical power plants, or cement
manufacturing facilities.

• Suspect soil lead and arsenic contamination if the garden is planted on a
pre-1947 orchard site.

• Suspect soil lead and arsenic contamination if the garden is planted on or near
tailings from current or former metal ore mines.
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A Soil testing

Chemical analysis of soil will confirm the presence of elevated concentrations of lead
or arsenic.

Locate a soil testing laboratory and discuss requirements for soil sample size and containers
before collecting samples. Washington State University Cooperative Extension can help you find
suitable laboratories.

Using a nonmetal tool, such as a plastic trowel or scoop, collect samples from the top 8
inches of the garden soil at several locations within the garden. Dump them all into a plastic
bucket, mix the soil samples using a nonmetal tool until they are uniformly combined. Collect a
subsample or composite sample from the soil mixture (usually about one cup volume) and place
it in a plastic bag or other nonmetal sample container (often provided by the testing laboratory).
Label the sample with your name, date, location, and depth of sample, using a permanent
marker. Deliver the composite soil sample to a testing laboratory and request analyses for total
lead and total arsenic concentrations.

Collect more than one composite sample from different areas within the garden if the garden
is very large or if you expect contamination patterns to vary greatly. Use common sense when
devising sampling plans. For example, if a garden is adjacent to an old building where lead paint
might have been used, collect one composite sample from the garden area next to the building,
where soil lead might be high, and one from farther away in the garden, where soil lead might be
low. Map the sampling sites so you can relate the test results to the specific locations.

Testing laboratories normally report the lead and arsenic concentrations in units of milli-
grams per kilogram (mg/kg) or parts per million by mass (ppm). These units are numerically
identical; that is, 10 mg/kg of a substance in a soil sample is the same as 10 ppm by mass of that
substance.

The Washington State Department of Ecology reported natural background soil lead and
arsenic concentrations in Washington to be 17 and 7 mg/kg, respectively (Natural background soil
metals concentrations in Washington State, Washington State Department of Ecology, Publ. #94-115,
Olympia, WA, October 1994). Soil test reports indicating soil lead and arsenic concentrations
above these values suggest enrichment due to human activities.  Landowners offering property
for sale are required by law to disclose information about known environmental contamination to
prospective buyers.

Numerous interpretive standards exist for soil lead and arsenic. They often are contradictory
because they reflect the varying objectives of the originating organizations and regulatory
agencies. Most standards currently are undergoing review and therefore are subject to revision.

Tolerances for soil lead and arsenic concentrations associated with optimal plant growth and
“safe” plant lead and arsenic levels have not been established. An out-of-print WSU extension
bulletin cites a soil arsenic standard of 25 mg/kg and lower as “probably” not affecting plant
growth (Interpretation of special orchard soil tests, Cooperative Extension Bulletin FG-28d, Washing-
ton State University, Pullman, WA, January 1983).
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The Washington State Department of Ecology established residential soil cleanup standards
of 250 mg/kg for lead and 20 mg/kg for arsenic (Model Toxics Control Act Cleanup Regulation,
Chapter 173-340 Washington Administrative Code). The Washington State Department of Health
estimates soil arsenic concentrations below 37 mg/kg should protect the health of children
having frequent exposure to contaminated soils, and regards 175 mg/kg as safe for adults having
occasional exposure to contaminated soil (Hazards of short-term exposure to arsenic contaminated
soil, Washington State Department of Health, Olympia, WA, January 1999).

The U.S. Environmental Protection Agency final rule established soil lead concentrations of
400 mg/kg as the level of concern in play areas and 1200 mg/kg as the hazard standard for bare
soil in residential areas based on soil samples (Lead; Identification of dangerous levels of lead;
Final Rule, 40 Congressional Federal Register Part 745.65(c), January 5, 2001)

GARDENING ON LEAD- OR ARSENIC-CONTAMINATED
SOILS

General considerations

People who garden on lead- and arsenic-contaminated soils are unlikely to have high
enough exposure to become suddenly ill. The rare cases of acute toxic responses to soil arsenic
involve a combination of atypical circumstances: highly susceptible individuals, exceptionally
high-contact exposure, or the presence of highly soluble forms of arsenic in the soil. Chronic
exposure to soil lead and arsenic is the principal concern. People exposed to environmental
sources of lead and arsenic over long periods of time are more likely to have elevated body
burdens of these elements and, consequently, increased risk of developing adverse health effects.

The potential toxicity of either lead or arsenic in plants and soils depends on many factors.
People vary in susceptibility to lead and arsenic, due to genetic makeup, type and amount of
exposure, general health, and age. Lead and arsenic in plants and soils occur in a variety of
chemical forms, called chemical species, which have different toxicological properties. Most
studies of lead and arsenic in plants and soils report only total concentrations of these elements
because it is difficult to accurately and inexpensively quantify the distribution and amount of
chemical species. The inherent variation among people, plants, soils, and behavioral factors
greatly complicates predicting the relative lead or arsenic hazard of food plants and contaminated
soils.

Lead and arsenic enter the human body primarily by ingestion. Preschool-age children are
the most vulnerable segment of population for exposures to soil lead and arsenic. Factors
contributing to this sensitivity include: 1) a greater likelihood for children playing in soil to place
their hands and other objects into their mouths; 2) greater lead and arsenic absorption by
children than by adults; and 3) greater likelihood of children having nutrient deficiencies that may
facilitate lead and arsenic absorption.
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A People are exposed daily to lead and arsenic from a wide variety of sources, including
contact with soil and home garden produce. It is not realistic for most people to quantify the
contribution home gardening makes to their overall exposure. By adopting specific practices and
behaviors that reduce exposure, people can reduce possible health impacts caused by gardening
on lead- and arsenic-contaminated soils.

Lead and arsenic in garden crops

Lead and arsenic concentrations in crop plants grown on lead- and arsenic-enriched soils
are too low to cause acute poisoning in humans. The health concern is that extra lead and
arsenic in or on plants grown on lead- and arsenic-enriched soils add to total intake of these
elements. Because lead and arsenic occur naturally in all soils, it is impossible to grow plants
completely free of lead or arsenic.

Concentrations of lead and arsenic in soil may be 10 to 1000 times greater than their
concentrations in plants growing on that soil. Because of this, failure to remove soil particles that
adhere or become trapped on the outside surfaces of garden crops can substantially increase
dietary lead and arsenic obtained by eating garden plants.

• Wash garden crops grown on lead- and arsenic-enriched soils with water before
bringing them into the house. This removes most soil particles, reduces the lead
and arsenic content of the crops, and reduces the transport of soil lead and arsenic
into the home.

• Once you have brought the produce inside, wash it again carefully, using edible
soap or detergent (sold at many supermarkets), water, and a scrub brush to remove
remaining soil particles. Pay particular attention to crops like broccoli having rough
exposed exteriors that can trap soil. Leafy plants having large surface areas (such as
lettuce and swiss chard) can trap and retain large quantities of dust.

• Pare root and tuber crops (such as potatoes, carrots and radishes) and discard
the parings.

• Do not compost unused plant parts, peelings, and parings for later use in the garden.

These practices will reduce the lead and arsenic content of harvested home garden produce
to the lowest possible levels.

Garden plant selection

Crops respond differently to soil lead and arsenic depending on plant species and variety.
Unfortunately not enough data are available to reliably rank plant species and varieties for
growth, yield, and lead and arsenic uptake responses. A few general guidelines can be abstracted
from the scientific literature.

The quantities of lead found in most lead-contaminated soils typically are not high enough
to reduce plant growth and yield. Elevated concentrations of soil arsenic can stunt plants and
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reduce yields. If sufficiently high, soil arsenic can cause plant death. Arsenic in plants bonds
irreversibly with energy transport molecules, interfering with their activity. Plants containing
excessive arsenic effectively “run out of energy.”

Green beans and other legumes appear to be most sensitive to soil arsenic contamination.
They often fail to grow at soil arsenic concentrations which cause no deleterious effects on other
plant species. Growth patterns of stone fruit trees such as peaches and apricots are very sensitive
to elevated soil arsenic; apples and pears are less sensitive, and cherries are intermediate.
Information about growth sensitivity of other crop species is sparse. The stunting effect of soil
arsenic may have horticultural benefits. Although the results are difficult to predict, arsenic
stunting can control the size of ornamental plants and fruit trees.

The distribution patterns of lead and arsenic among various plant parts is highly variable.
Seeds and fruits typically have lower lead and arsenic concentrations than do leaves, stems or
roots. Roots and tubers usually have the highest lead and arsenic concentrations, with the skin
having higher lead and arsenic concentrations than does the inner flesh. The lead content of
roots correlates more closely to soil lead than does lead in leaves or stems, possibly because
roots tend to retain absorbed lead and not transport it higher up into the plant. Tree fruits such as
apples and apricots contain very low lead and arsenic concentrations. Contamination of plant
parts by lead- and arsenic-rich soil or dust can increase the apparent lead and arsenic content of
that plant.

Organic arsenic compounds may be less toxic than inorganic arsenic compounds. Although
comprehensive data about the distribution of chemical species in food plants are not available,
preliminary reports suggest organic arsenic is predominant in fruits and vegetables, while
inorganic arsenic is more common in grains. Plants grown on sands and sandy loams have higher
total arsenic contents than those grown on heavier-textured soils at equivalent total soil arsenic
concentrations.

Land use practice

Home gardeners can control the amount of their exposure to soil lead and arsenic by
adopting different land use practices.

• Grow Only Ornamental Plants.  Cease raising food plants to eliminate the contribution
of edible garden crops to dietary lead and arsenic. Remember that contaminated soil
adhering to the outside of cut plants brought inside can introduce lead and arsenic into
the home.

• Build Containers or Raised Beds.  Construct container or raised bed gardens using low
lead and arsenic soil. Make sure to test the new container or bedding soil for lead and
arsenic content before using it.

• Place a barrier between the uncontaminated topsoil and any underlying contaminated
soil to reduce mixing and to remind you how deeply you can till the bedding soil without
incorporating underlying contaminated soil. Impermeable barriers such as a concrete slab
or thick plastic sheeting between the new soil and the underlying contaminated soil keep
plant roots from penetrating into buried soil to absorb lead and arsenic. Provide for bed
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A drainage if you use an impermeable barrier. Permeable barriers are less effective
at isolating the bedding and underlying soils. Examples include porous herbicide-
impregnated fabric or geotextile plant root barriers or a layer of flat concrete tiles
placed on top of the subsoil and butted against each other before the replacement
topsoil is placed on top. Plant roots likely will grow through the cracks between the
tiles, permitting plants to absorb subsoil lead and arsenic and eventually to redistribute
some lead and arsenic into the topsoil.
Cover the walkways between the raised beds with concrete, boards, new soil, and similar
barriers to further reduce the likelihood of contact with contaminated topsoil remaining
within the garden area.
Do not use arsenic-treated lumber to construct raised beds.

• Replace Contaminated Soil.  Dig up and replace existing contaminated garden soil with
soil containing low lead and arsenic levels. Test the replacement soil for lead and arsenic
concentrations. If you remove all of the contaminated soil, you will not need to place
barriers between the new topsoil and old subsoil. Install barriers to reduce the likelihood
of recontaminating the new topsoil if the old subsoil still contains elevated levels of lead or
arsenic. If you install an impermeable barrier underneath the new topsoil, you may need a
drainage system.
Depending on its lead and arsenic content, excavated topsoil may meet criteria
designating it as a dangerous waste by the Washington State Department of Ecology
(Dangerous Waste Regulations, Chapter 173-303 Washington Administrative Code) and,
therefore, may require special handling for disposal. The criteria for determining if
contaminated soil is a dangerous waste are complex and may require technical
assistance for interpretation.

• Isolate Contaminated Garden Areas.  Fence off the garden area using a lockable gate if
infants or small children might enter the area and play, or otherwise come in contact
with lead- or arsenic-contaminated soil.

Personal hygiene

Certain personal hygiene practices help minimize exposure to soil lead and arsenic while
gardening and reduce transport of contaminated garden soil into the home. Which ones you
choose to adopt depends on how much control you wish to have over exposure. Use common
sense—walking in your garden to harvest some tomatoes for dinner does not require the same
level of protection and cleanup as would spending a day on hands and knees weeding. Important
factors to consider include how high the concentrations of lead and arsenic are in the garden soil,
how dirty you get while gardening, and if young children live in the home.

• While gardening, do not eat unwashed produce or any other foods.  Do not drink, smoke,
or engage in other activities that may introduce soil into the mouth.

• Wear a dust mask or respirator in dusty environments to minimize both inhalation and
ingestion of airborne soil particles.

• Keep soil moist while gardening to control dust.
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• Wash all exposed body surfaces, preferably by showering, as soon as possible
after gardening.

• Wash soil particles from gardening tools and supplies outside after each use and store
tools outside. Tools, supplies and clothing used for gardening may pick up and transport
lead- and arsenic-enriched soil particles.

• Designate certain clothing, including footwear, shirts, pants, and tight-fitting disposable
gloves for gardening use only.

• Remove gardening footwear—every time—before entering the house.

• Store used garden clothing outdoors.

• Launder garden clothing outside by hand to remove adhering soil.

• Wash the garden clothing as a separate load in the general household washing machine.
Running the washing machine through a subsequent clothing-free rinse cycle will further
flush the inside of the machine and help reduce possible carry-over of lead and arsenic
residues into the next batch of clothing.

Helpful soil amendments

Soil acidity is reported in units of pH. A pH value of 7.0 is defined as neutral. Values above 7
are termed alkaline, and values below 7 are acidic. The pH range found in natural Washington
soils is about 4 to 9.

Plant lead concentrations typically decrease with increasing soil pH.  Plants tend to take up
the least amount of soil arsenic at neutral soil pH.  Amend acidic soils contaminated with lead
but not arsenic with agricultural lime (calcium carbonate or dolomite) to pH 7 or greater. Lime
acid soils containing elevated arsenic concentrations but not lead to pH 7. Maintain soils
containing both lead and arsenic at pH 7 to minimize plant uptake of both elements. It is difficult
to reduce the pH of soils that contain free lime (also known as caliche), which have a pH of 8 or
greater. Using an acidic fertilizer formulation such as one containing nitrogen as ammonium or
urea will help reduce soil pH over time.

Increase soil organic matter by adding compost, manures, and other organic soil amend-
ments. Normally, this will reduce plant uptake of soil lead and arsenic. Part of this effect appears
to be simple dilution of soil lead and arsenic concentrations. Beyond some maximal amount of
added organic material increases have no further beneficial effect. Test all composts and other
organic amendments or choose those certified low in lead and arsenic. Avoid preparing compost
using plant materials grown on lead- and arsenic-contaminated soils.

Use of phosphate-containing soil amendments such as triple superphosphate sometimes can
reduce plant uptake of soil lead, by causing lead phosphate minerals of very low solubility to
form. This approach does not work if soil lead already occurs as lead phosphate minerals, as it
may on soils that have a history of phosphorus fertilizer application.



12

Gardening on Lead- and Arsenic-Contaminated Soils

A Adding phosphate amendments to high arsenic soils can increase plant uptake of soil
arsenic. Apply phosphorus-containing fertilizers to high arsenic soils only when plant growth is
restricted by lack of phosphorus. In this case the phosphorus-stimulated increase in plant
biomass will dilute any extra absorbed arsenic and reduce plant arsenic concentration.

Other proposed techniques for reducing soil lead and arsenic concentrations and
phytoavailability are still in the testing stage. Specific recommendations are not yet available.

SUMMARY

Lead and arsenic occur naturally in soils. Both elements are potentially toxic if present at
high concentrations. Past human activities have increased the lead and arsenic content of some
soils used for home gardens, sometimes to levels that create concern about human health.
Geographical and historical factors give clues about the possibility of soil contamination with
lead and arsenic. Soil testing can confirm higher than natural background concentrations.

Ingestion is the principal route by which lead and arsenic enter the human body. Human
health is best protected by minimizing total dietary intake of these elements. People ingest lead
and arsenic in water, food, soil, and housedust. Because lead and arsenic concentrations in soil
are much higher than in plants, home gardeners and their families are likely to have greater
exposure to lead and arsenic in soil directly or in soil particles adhering to the outside of plants
than to lead and arsenic actually within garden produce. The lead and arsenic contents of plants
and most soils are not high enough to be acutely toxic to people; however, they contribute to
overall lead and arsenic exposure. The amount of lead and arsenic ingested increases with
increasing exposure to lead and arsenic in soil. Young children generally have greater likelihood
of exposure to soil lead and arsenic than do older children and adults. Children also are more
likely to be harmed by lower doses of lead and arsenic.

Home gardeners can reduce the potential hazard of gardening on lead- and arsenic-
contaminated soils by combining appropriate land use, horticultural, and personal hygiene
practices. These practices reduce the amount of lead and arsenic in or on garden produce, and
minimize direct exposure of gardeners and their families to contaminated soil.

Frank J. Peryea, Ph.D., Washington State University soil scientist and horticulturist, WSU
Wenatchee Tree Fruit Research and Extension Center.
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BBuurreeaauu  ooff   
EEnnvviirroonnmmeennttaall  HHeeaalltthh    
HHeeaalltthh  AAsssseessssmmeenntt  SSeeccttiioonn  

 
“To protect and improve the health of all Ohioans” 

LLeeaadd  CCoonnttaammiinnaattiioonn    
iinn  GGaarrddeennss  

AAnnsswweerrss ttoo FFrreeqquueennttllyy AAsskkeedd  HHeeaalltthh QQuueessttiioonnss 
 
WWhhaatt  iiss  lleeaadd??  
Lead is a naturally occurring bluish-gray metal found in the 
earth’s crust.  Prior to our current knowledge of the health 
hazards of lead, it was widely used in products such as 
gasoline, paints, batteries, metal products and ammunition  
-- just to name a few.  Because lead is toxic, its use in the 
U.S. has been dramatically reduced since the 1980’s. 
 

LLeeaadd  iinn  tthhee  eennvviirroonnmmeenntt::  
Lead does not break down in the environment. Once lead 
falls on to soil, it usually sticks to the soil particles and 
remains a long-term source of lead exposure.  If the soil is 
uncovered and open to the air or becomes disturbed, lead-
contaminated dust can be created.  This dust can be easily 
breathed in or swallowed.   
 
The possibility of dust being  
created at a lead-contaminated 
site is an important public health  
concern.  Activities such as  
construction, where you are  
moving dirt and disturbing large  
areas, are very concerning  
because construction sites  
often create a lot of dust.  
 
Other activities such as gardening also disturb and expose 
soils and may create small amounts of dust.  But more 
importantly, some garden vegetables grown in lead-
contaminated soils may contain 
lead.  Certain vegetables 
(especially root vegetables such  
as beets, carrots, turnips, radishes, 
potatoes and rutabagas) easily 
absorb (uptake) some of the lead 
through their roots.  There is also 
the possibility of lead-
contaminated dust falling onto 
crops such as lettuce, spinach or 
other leafy vegetables.  
 
HHooww  ddooeess  lleeaadd  ggeett  iinn  yyoouurr  bbooddyy??  
You may be exposed to lead by breathing (inhalation), 
eating/drinking (ingestion) or by skin contact (dermal  
contact). However, only very small amounts of lead can get 
into your body through dermal contact. Inhalation and 
ingestion of lead-contaminated dust and soil are the main 
health concerns. 
 
 

HHooww  ddooeess  lleeaadd  aaffffeecctt  yyoouurr  hheeaalltthh??  
The harmful effects of lead are the same whether it is 
breathed or swallowed.  The main target for lead toxicity is  
the body’s nervous system, including the brain.  But lead 
can harm every organ of the body.  
 
Children are most vulnerable to lead poisoning because 
they play outside, close to the ground or in the dirt.  Small 
children also put their fingers in their mouths.  Compared to 
adults, a bigger proportion of the amount of lead swallowed 
will enter the blood in children.  About 99% of the amount of 
lead taken into the body of an adult will leave in the waste 
within a couple of weeks.  But only about 32% of the lead 
taken into the body of a child will leave in the waste.  
 
Lead exposure in the womb, in infancy or in early childhood 
may also slow mental development and lower intelligence 
later in childhood.  Lead can cause irritability and 
aggressive behavior in children.  If pregnant women have 
high levels of lead in their bodies, fetuses exposed to lead 
in the womb may be born prematurely and have lower 
weights at birth.  In some cases, pregnant women with high 
levels of exposure to lead may have miscarriages. 
 
Some other harmful health effects of lead include damaged 
kidneys, damaged male reproductive system, severe 
“stomachaches,” a poor appetite, sleep disorders and 
hearing problems.  Lead can also decrease reaction time 
and affect the memory.  
 
IIss  tthheerree  aa  mmeeddiiccaall  tteesstt  ttoo  ddeetteerrmmiinnee  
wwhheetthheerr  II  hhaavvee  bbeeeenn  eexxppoosseedd  ttoo  lleeaadd??  
Yes, there is a test to see if you have been exposed to 
lead.  The primary screening method is the measurement   
of “total lead” in the blood.  This test can tell if you have 
been recently exposed to lead.  
 
Lead can also be measured in teeth or bones by using     
X-ray techniques.  These tests can tell about long-term 
exposure but are not widely available.  
 
 



HHooww  ccaann  ffaammiilliieess  rreedduuccee  tthhee  rriisskk  ooff  
eexxppoossuurree  ttoo  lleeaadd??    
One important way a family can lower their exposure to 
lead is to avoid exposure to lead-contaminated soil and 
dust sources.  The swallowing of lead-contaminated soil  
or dust is a very important exposure pathway for children 
and gardeners.  
 
Helpful hints: 

 Washing your hands to remove lead dust and soil, 
especially before meals, can lower the possibility 
that lead on the skin is accidentally swallowed 
while eating.  

 Families can lower exposures to lead by regularly 
cleaning the home of dust and tracked-in soil.  

 Door mats can help lower the amount of soil that is 
tracked into the home and removing your shoes 
before you enter the house will also help.   

 Covering bare soil with clean sand, wood chips, 
gravel or grass can lower contact that children and 
pets may have with soil and the tracking of soil into 
the home.   

 Bag gardening-work clothes before they are 
brought into the home for cleaning.  

 Immediately wash your hands or shower after 
working with lead-contaminated soils.  

 
It is important that children have proper nutrition and eat a 
balanced diet of foods that supply adequate amounts of 
vitamins and minerals, especially a diet high in calcium and 
iron.  Good nutrition lowers the amount of swallowed lead 
that passes to the bloodstream and also may reduce some 
of the toxic effects of lead. 
 

 

GGoooodd  GGaarrddeenniinngg  PPrraaccttiicceess::    
 Plant gardens away from roads, driveways and old 

painted structures that may contain lead-based 
paints.  

 
 Protect gardens against air-borne lead by erecting 

a fence or plant a hedge between your garden and 
bare soils. 

 
 Grow crops in raised beds or containers with lead- 

free soil.  
 

 Estimate the amount of soil in your garden and mix 
one-third the total volume of soil with organic 
material such as peat moss, compost and manure. 
Organic mulch worked into soil, especially fresh 
manure, binds the lead so it is not available to be 
taken up by plants.  Note: Avoid the use of bone 
meal.  

 
 Plant fruiting crops such as tomatoes, peppers, 

squash, cucumbers, peas, beans, corn, melons, 
strawberries, etc.  

 
 Limit planting leafy vegetables such as lettuce, 

spinach or greens.  Avoid planting root crops such 
as carrots, beets, turnips, potatoes and radishes.   
If you grow leafy vegetables, discard old and outer 
leaves of the vegetable and scrub and peel any 
root crops before eating. Do not compost these 
materials! 

 
 Wash vegetables with I% vinegar in water solution 

(1 - 2 ounces vinegar per gallon of water).  Use a 
stiff brush to scrub vegetables before eating.  

 
 Lime the soil as recommended by your soil test to 

obtain a pH of 6.5.  Lime can be found at farm and 
garden supplies stores. 

 
 If you are worried about gardening in lead-

contaminated soils, bring in lead-free soil, install 
raised beds, try container gardening and/or mix   
the soil with organic material.  Fresh fruits and 
vegetables not only taste good, they are good for 
you.  You don’t have to stop gardening! 

 
RReeffeerreenncceess::   
Agency for Toxic Substances 
and Disease Registry 
(ATSDR). 1997.  
Toxicological profile for lead.  
  
Ohio Department of Health 
Childhood Lead Poisoning  
Prevention Program 
Phone: (877) 668-5323  
or (614) 466-1450 
 
The Ohio State University  
Cooperative Extension  
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Created 08/10/09 

The Ohio Department of Health is in 
cooperative agreement with the Agency 
for Toxic Substances and Disease Registry 
(ATSDR), Public Health Service, U.S. 
Department of Health and Human Services. 
 
This pamphlet was created by the Ohio 
Department of Health, Bureau of 
Environmental Health, Health Assessment 
Section and supported in whole by funds 
from the Cooperative Agreement Program 
grant from the ATSDR. 



 

Federal, State, and Local Environmental Resources 
Dewey-Humboldt, Arizona                 Created on 2/16/2010  
This guide provides you with a variety of organizations and agencies you may contact with environmental-related 

issues. 

 

 

U.S .ENVIRONMENTAL PROTECTION AGENCY, 

REGION 9  

Includes Arizona, California, Hawaii, Nevada, the Pacific 

Islands, and Tribal Nations 

75 Hawthorne St. 
San Francisco, CA 94105 
Regional Receptionist  (415) 947-8021 

24-Hour Environmental Emergencies  (800) 300-2193 

Superfund Community Involvement Office (800) 231-3075 

Office of Environmental Justice  (800) 962-6215 

Environmental Information Center  (866) EPA-WEST 

ARIZONA DEPARTMENT OF ENVIRONMENTAL 

QUALITY 

Phoenix Main Office                                             (602) 771-2300   
1110 W. Washington St.                                      toll free (800) 234-5677 
Phoenix, AZ 85007  

TOWN OF DEWEY-HUMBOLDT, ARIZONA  

2735 S. Hwy. 69, Ste.12                                       (928) 632-7362 
Humboldt, AZ 86329   www.dhaz.gov  

AIR QUALITY 

U.S. Environmental Protection Agency   

Air Division Contacts – Region 9 

http://www.epa.gov/region/air/r9contacts.html 

Community Based Air Toxics Projects 
www.epa.gov/air/toxicair/community 

Improving Air Quality in Your Community 
www.epa.gov/air/community 

Plain English Guide to the Clean Air Act 
www.epa.gov/air/caa/peg 

Indoor Air Quality Tools for Schools -- Managing  

Asthma in the School Environment    (415) 947-4189 
www.epa.gov/iaq/schools/managingasthma.html 

Permits Office    (415) 972-3966 
http://www.epa.gov/region/air/permit/index.html 

Arizona Department of Environmental Quality 
Air Pollution Current Values    (602) 771-2367 
http://www.maricopa.gov/aq/divisions/monitoring/Default.aspx 

Air Quality Monitoring    (602) 771-2308 
www.azdeq.gov/environ/air/index.html 

Vehicle Emission Inspection Program and Testing  (877) 692-9227 
http://www.azdeq.gov/environ/air/vei/index.html 

Arizona Department of Health Services    (602) 364-3118 
www.azdhs.gov/phs/oeh/invsurv/air_qual/index.htm 
Air Quality Complaints – Indoor 

BROWNFIELDS 

U.S. Environmental Protection Agency 
www.epa.gov/brownfields 
Brownfields and Revitalization Program 

Arizona Department of Environmental Quality  
– Waste Programs     (602) 771-4401 
http://www.azdeq.gov/environ/waste/cleanup/brownfields.html  

CITIZEN RIGHTS  

Arizona Secretary of State     (602) 542-4751 
www.azsos.gov/public_services/ 
Arizona Laws and Statutes 

Arizona State Legislature Ombudsman    (602) 277-7292 
www.azleg.gov/ombudsman/Open%20%Meeting%20%Law%2101.pdf 
Arizona Open Meeting Law 

COMMUNITY REPORTING 

Arizona Department of Environmental Quality (800) 234-5677 
http://www.azdeq.gov/function/compliance/complaint.html 
Report a suspected violation of environmental law or rule 

Yavapai County Development Services/Environmental Services 
(928) 771-3465 
http://www.co.yavapai.az.us/Content.aspx?id=19492  
Report a suspected violation regarding: 
 Animal or human and excrement, manure  
 Wastewater - sewage leaks, failing septic systems, septic haulers 
 Trash - accumulation, improper disposal, garbage trucks  
 Trash thrown out on the highway or streets  

 

http://www.dhaz.gov/
http://www.epa.gov/region/air/r9contacts.html
http://www.epa.gov/air/toxicair/community
http://www.epa.gov/air/community
http://www.epa.gov/air/caa/peg
http://www.epa.gov/iaq/schools/managingasthma.html
http://www.epa.gov/region/air/permit/index.html
http://www.maricopa.gov/aq/divisions/monitoring/Default.aspx
http://www.azdeq.gov/environ/air/index.html
http://www.azdeq.gov/environ/air/vei/index.html
http://www.azdhs.gov/phs/oeh/invsurv/air_qual/index.htm
http://www.epa.gov/brownfields
http://www.azdeq.gov/environ/waste/cleanup/brownfields.html
http://www.azsos.gov/public_services/
http://www.azleg.gov/ombudsman/Open%20%25Meeting%20%25Law%2101.pdf
http://www.azdeq.gov/function/compliance/complaint.html
http://www.co.yavapai.az.us/Content.aspx?id=19492


 

 

Dewey-Humboldt Community Development Department 
(928) 632- 7362   
www.dhaz.gov  
Report a suspected violation of environmental or any other Town law or 
rule 

ENVIRONMENTAL JUSTICE 

U.S. Environmental Protection 
Agency – Office of Environmental Justice   (415) 947-4194 
www.epa.gov/care/libarary/guide_vol_progs_2008.pdf 
Community Guide to EPA’s Voluntary Programs, as well as more 
resource listings, funding resources, and tools  

GRANTS AND FUNDING  

Federal Government Grants    (800) 518-4726 
www.grants.gov 
Find and apply for federal government grants 

U.S. Environmental Protection Agency  
– Grants and Interagency Agreements Program (202) 564-5315 
www.epa.gov/ogd 
Funding opportunities, information on how to apply, new recipient 
training 

U.S. Environmental Protection Agency  
– Environmental Justice Grants  
www.epa.gov/oecaerth/environmentaljustice/grants 

U.S. Environmental Protection Agency 
 – Region 9 Request for Proposals 
www.epa.gov/region09/funding/rfps.html 

HAZARDOUS WASTE  

U.S. Environmental Protection Agency    (415) 972-3237 
Technical Assistance for Communities 
www.epa.gov/superfund/community/tasc 

Toxics Release Inventory     (415) 972-3848 
www.epa.gov/tri 
Database with information on toxic chemical releases  

Arizona Department of Environmental Quality    
Underground Storage Tank Program    (602) 771-4303 
www.azdeq.gov/environ/ust/index.html 

Waste Program Contacts
http://www.azdeq.gov/function/about/waste.html 

Waste Programs Outreach            (602) 771-4294 
www.azdeq.gov/environ/waste/sps/community.html 

Superfund Community Involvement 
Arizona Department of Environmental Quality Solid Waste 
Management    (602) 771-4673 
www.azdeq.gov/environ/waste/solid/index.html 

Medical Waste   (602) 771-4673 
www.azdeq.gov/environ/waste/solid/ic.html#sharps  

Petroleum Contaminated Soils   (602) 771-4698 
http://www.azdeq.gov/environ/waste/solid/special.html 

Used Oil   (602) 771-4140 
www.azdeq.gov/environ/waste/solid/oil.html 

HEALTH 

U.S. Environmental Protection Agency  
Agency for Toxic Substances and Disease Registry  
(800) 232-4636 
www.atsdr.cdc/gov/publications/Citizens GuidetoRiskAssessments.html 
Health Assessments and Consultations 

Arizona Department of Health Services   (602) 542-1001 
www.azdhs.gov 

Cancer Registry for Arizona   (602) 542-1025 
www.azdhs.gov/phs/phstats/acr/index.htm 

Health Assessments and Consultations   (602) 524-1025 
www.azdhs.gov/phs/oeh/atsdr.htm 

Yavapai County Environmental Health/Public Health 
(928) 583-1000 
http://www.co.yavapai.az.us/Content.aspx?id=16194 
Report a suspected violation regarding: 
 Food-borne illness complaints, water-borne complaints  
 Food service at hospitals, day care, and other care facilities  
 Hotels & Motels  
 Mosquitoes, flies, and rodents  
 Pools (public and semi-public, but not private pools)  
 Rabies, plague, hantavirus, dead bird surveillance, and other 

vector-borne disease  
 Restaurants, markets, and other food establishments  
 Schools (except air quality)  
 Special Events - General health and hygiene  
 Water - in restaurants or other public establishments  

http://www.dhaz.gov/
http://www.epa.gov/care/libarary/guide_vol_progs_2008.pdf
http://www.grants.gov/
http://www.epa.gov/ogd
http://www.epa.gov/oecaerth/environmentaljustice/grants
http://www.epa.gov/region09/funding/rfps.html
http://www.epa.gov/superfund/community/tasc
http://www.epa.gov/tri
http://www.azdeq.gov/environ/ust/index.html
http://www.azdeq.gov/function/about/waste.html
http://www.azdeq.gov/environ/waste/sps/community.html
http://www.azdeq.gov/environ/waste/solid/index.html
http://www.azdeq.gov/environ/waste/solid/ic.html#sharps
http://www.azdeq.gov/environ/waste/solid/special.html
http://www.azdeq.gov/environ/waste/solid/oil.html
http://www.atsdr.cdc/gov/publications/Citizens%20GuidetoRiskAssessments.html
http://www.azdhs.gov/
http://www.azdhs.gov/phs/phstats/acr/index.htm
http://www.azdhs.gov/phs/oeh/atsdr.htm


 

 

 

HOMEOWNER CONCER NS 

Arizona Department of Agriculture   (602) 542-3578 
www.azda.gov/Main/faq.htm 
Pesticides 

Arizona Department of Pest Management   (602) 255-3664 
www.sb.state.az.us/ 
Pesticides 

Arizona Association of Realtors   (602) 771-7799 
www.aaronline.com/ForRealtors/forms/SampleForms/spds_samp.pdf  
Real Estate Seller Disclosures 

Yavapai County Assessor   (928) 771-3220 
http://www.co.yavapai.az.us/Assessor.aspx  
Property Values 

Dewey-Humboldt Community Development Department 
(928) 632-7362  www.dhaz.gov  
 Code Enforcement   
 Landlord Problems 
 Permits 
 Zoning and Land Use 

ILLEGAL DUMPING 

Arizona Department of Environmental Quality  
– Solid Waste Program   (602) 771-2221 
www.azdeq/gov/environ/waste/dumping/index.html 

Dewey-Humboldt Community Development Department 
(928) 632- 7362   
www.dhaz.gov  

WATER QUALITY 

Arizona Department of Environmental Quality  
 Drinking Water Program    (602) 771-4651 
www.azdeq.gov/environ/water/dw/index.html 
 
Arizona Department of Environmental Quality – Water Quality 
Division (ADEQ) http://www.azdeq.gov/environ/water/index.html 
 Delegated authority by the state to inspect wells. ADEQ gives 

Yavapai County the regulatory authority to do inspections  
 Gets involved if more than 25 people or 15 hook-ups onto a 

shared well (in which case, the group is considered a water 
provider) 

 

Water Conservation Alliance of Southern Arizona    
(520) 792-9591 
www.watercasa.org 
Graywater 

Arizona Department of Water Resources   (602) 771-8500 
www.azwater.gov/azdwr/WaterManagement/Wells/default.htm 
Water Wells 

Arizona Department of Water Resources (ADWR) Prescott AMA 
 If existing well is older than 1980, it must be permitted by ADWR. 
 Provides info on regulations on well construction 

(http://www.azwater.gov/dwr/Content/Find_by_Program/Wells/Pra
ctical_Guide_for_web_07_06.pdf).  

Arizona Corporation Commission: Utilities Division 
(800) 222-7000 
http://www.azcc.gov/divisions/utilities/consumerservices.asp 

Private water company water quality 

Yavapai Citizens Water Advocacy Group (CWAG) 
http://www.cwagaz.org/reports.html 

 

EMERGENCY RESPONSE  

For all emergencies, call 9-1-1 
 
Central Yavapai Fire District    (928) 772-7711 
http://www.centralyavapaifire.org/default.htm 

 

Yavapai County Sheriff’s Office    (928) 771-3260 
http://www.co.yavapai.az.us/Sheriff.aspx 

 

http://www.azda.gov/Main/faq.htm
http://www.sb.state.az.us/
http://www.aaronline.com/ForRealtors/forms/SampleForms/spds_samp.pdf
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http://www.azdeq/gov/environ/waste/dumping/index.html
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http://www.azdeq.gov/environ/water/dw/index.html
http://www.watercasa.org/
http://www.azwater.gov/azdwr/WaterManagement/Wells/default.htm
http://www.azwater.gov/dwr/Content/Find_by_Program/Wells/Practical_Guide_for_web_07_06.pdf
http://www.azwater.gov/dwr/Content/Find_by_Program/Wells/Practical_Guide_for_web_07_06.pdf
http://www.azcc.gov/divisions/utilities/consumerservices.asp
http://www.cwagaz.org/reports.html
http://www.centralyavapaifire.org/default.htm
http://www.co.yavapai.az.us/Sheriff.aspx
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