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SECTION 1.0 

INTRODUCTION 



1.0 INTRODUCTIC»J 

1.1 OBJECTIVES OF THE REMEDIAL INVESTIGATION 

The U.S. Environmental Protection Agency (EPA) has been concerned with the 

potential health hazards associated with exposure to asbestos since the 

early 1970s. The concem is based on medical evidence that exposure to 

airborne asbestos may cause cancer as well as non-cancerous respiratory 

diseases (EPA, 1986a). More recently, the concern has expanded to include 

exposure outside t h e workplace because of the widespread use of 

asbestos-containing material. 

In 1983, asbestos was discovered in the community of Alviso, located in San 

Jose, California. Past disposal of asbestos waste and construction of a 

flood control levee (the "ring levee") with asbestos-bearing fill were 

identified as contributing to the contamination problem at the site. The 

site was added to the National Priority List (NPL) in 1984, and in June 

1986, EPA initiated a Remedial Investigation/Feasibility Study (RI/FS) for 

the South Bay Asbestos site. This document presents the results of the RI 

investigation. 

The objectives of the RI/FS are to detennine the nature and extent of 

hazardous substances contamination at the site and to determine the extent 

to which this contamination may pose a threat to human health and the 

environment. These were acconplished by the collection and analysis of 

samples from tihe site, interpretation of these data and of data collected 

in previous investigations, and t h e development of a risk assessment. All 

sanpling and laboratory analyses were conducted using Region IX 

EPA-approved methods, in accordance with the EPA-approved Sanpling and 

Analysis Plan and (Juality Assurance Project Plan. 

This RI Report covers the entire site investigation, although a portion of 

the site, the ring levee, has been investigated separately in another 

document, the Ring Levee Operable Unit Feasibility Study Report (EPA, 

1988a). Both documents were prepared in accordance with the provisions of 
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the Conprehensive Environmental Response, Conpensation and Liability Act 

(CERCLA) (42 U.S.C. 960.1, et seq) and the National Contingency Plan (NCP) 

(40 C.F.R.S300 et. seq). The U.S. EPA's document Draft Guidance for 

Conducting Remedial Investigations and Feasibility Studies Under CERLA 

(EPA, 1988b) was also followed. Appendix A is a Glossary of Terms to 

assist the -eader in interpreting this document. 

1.2 SITE BACKGROUND 

1.2.1 SITE LOCATION AND DESCRIPTION 

The South Bay Asbestos Superfund site is located at the northern end of the 

Santa Clara Valley and at the southernmost extent of San Francisco Bay 

(Figure 1-1). The site, v^ich includes the community of Alviso, is a mix 

of residential, commercial, light industrial, and agricultural land uses, 

comprising an area of about 550 acres (Figure 1-2) in the nortJiernmost 

neighborhood or section of the City of San Jose. The older section of the 

community, located west of Gold Street and north of t h e Guadalupe River, is 

a designated National Register Historic District. About 1,700 residents 

live in Alviso, a quiet undeveloped suburb surrounded by Highway 237 to the 

soutJi, rapidly-growing Santa Clara to the west and south, and expanding 

office development to the east and northeast. 

As shown on Figure 1-2, the site boundary parallels t h e ring levee along 

the east and north sides of the community. The western boundary of the 

site is formed by the salt evaporation ponds on the edge of the San 

Francisco Bay. State Highway 237 is the southern boundary of the South Bay 

Asbestos site. The site boundaries were drawn to include all potential 

areas of asbestos contamination, based on the discovery and sxobsequent 

sanpling events at the site, described in Section 2.0. 

The community of Alviso is adjacent to some of the last remaining Bay 

wetlands. Over t h e last century, most of the tidal flats and marshlands 

vrtiich surrounded San Francisco Bay have been filled or altered, so that 

less tJian 20 percent of the original wetland area remains today (City of 

San Jose, 1984). Near Alviso, a fragment of the marshland survives as the 
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New Chicago Marsh, a National Wildlife Refuge about 300 acres in size. The 

Refuge has an active public education program through its Environmental 

Education Center, located about a mile northeast of the town and 

administered by the U.S. Fish and Wildlife Service. 

The wetlands adjacent to Alviso are a significant wildlife habitat because 

they provide an interface between fresh and saltwater environments. The 

wetlands support several endangered or threatened species, including the 

Salt Marsh Harvest Mouse (Reithrodontonys raviventris), Golden Eagle 

(Aquila Chrysaetos), and Peregrine Falson (Falco Peregrinus). The 

burrowing owl is a protected species of special concern. Small mammals and 

a great number of birds and waterfowl species use the wetlands and 

surrounding "upland" habitats, i.e., land elevated a few feet above the 

marsh. 

1.2.2 SITE HISTORY 

Alviso is one of the oldest cOTmtunities in the San Francisco Bay Area, 

having been settled about 200 years ago at the time that Mission Santa 

Clara was founded (City of San Jose, 1984). The town was located on an 

alluvial fan and natural levee, v^ich provided slightly higher, 

well-drained building areas above the surrounding marsh (City of San Jose, 

1984). As the Santa Clara Valley agricultural industry developed in the 

present century, t h e area around and including Alviso was used for fruit 

and vegetable farming. However, extensive withdrawal of groundwater for 

irrigation throughout the valley caused considerable ground subsidence. 

Alviso subsided about six feet (City of San Jose, 1984 and Aqua-Terra, 

1986) between 1934 and 1967. The s\absidence is inportant to the site 

history since it may have been the underlying inpetus for site landfilling 

activities. 

The Keasby & Mattison Conpany operated an asbestos pipe manufacturing plant 

about four miles south of the site at 2885 Lafayette Street, Santa Clara, 

from August 1953 tJirough June 1962. CertainTeed Corporation purchased 

Keasby & Mattison Conpany on June 1, 1962 and manufactured asbestos/cement 

pressure and sewer pipe and fittings until Jvine 9, 1982. Several types of 
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waste were produced at the CertainTeed plant, including broken 

asbestos/cement pipe, machining and processing waste, settling tank waste, 

and enpty asbestos fiber bags. According to conpany employees, two to 

three truckloads of scrap pipe, machining waste, and material from settling 

basins were transported to local landfills daily. Several landfills were 

located within the site botindaries, including the Santos Landfill, 

Marshland Development Corporation Landfill (also known as the Hoxie 

Landfill, the Edgewater Landfill, the Leslie Salt Landfill, or the "fill 

dump"), and the Sainte Claire Corporation Landfill (Figure 1-2). All three 

landfills may have received asbestos-containing wastes. Waste from the 

asbestos pipe plant may also have been dixnped within the community of 

Alviso, north of State street, at the location of an abandoned race track. 

Filling also occurred in many other locations in Alviso, based on 

interpretation of a series of historical aerial photographs provided by 

EPA. A number of truckyards are located along the northwest side of State 

Street, and are built on fill soils. Figures 1-3 through 1-6 show the 

progression of landfill and fill activity based on a series of historical 

aerial photographs. 

In 1963, the Santos Landfill was disrupted during channelization of the 

Guadalupe River by the Santa Clara Valley Water District (SCVWD). The 

project was undertaken to provide flood control for the area. Material 

excavated from the new channel, or the landfill area (as shown in Figure 

1-4), was desposited in the old river course or used to construct the 

levees (Aqua-Terra, 1986). 

A large flood occurred in March 1983, which caused the evacuation of the 

town for sixteen days as flood waters overtopped Coyote Creek channels and 

existing levees. Immediately after the flood, the City of San Jose 

constructed a small levee along the San Francisco Bay side of the City of 

Alviso. The levee was called the "interim ring levee" or "ring levee" and 

was constructed in an attenpt to divert possible future flood waters from 

the community. The ring levee is approximately two miles long, an average 

of six feet in height and eight to twelve feet in width (Figure 1-2). The 

levee materials was apparently inported from the Raische Quarry at 55 

Hillsdale Avenue in San Jose with additional material inported from an 
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excavation on Homestead Road in Cupertino (Schwartz, personal 

communication). The fill is comprised largely of serpentine, an 

asbestos-containing rock. 

Waste asbestos/cement pipe was discovered on August 8, 1983 in the levee of 

the Guadalupe River adjacent to Moffett Street in the City of Alviso. The 

discovery of asbestos pipe and waste occurred on property owned by the 

SCVWD and the City of San Jose during construction of a flood-control 

outfall structure. An industrial hygienist from the California 

Occupational Safety and Health Administration (CAL-OSHA) collected sanples 

of excavated material which were found to contain concentrations of 

asbestos ranging from 20 to 40% by weight. Cal-OSHA referred the situation 

to California Department of Health Services (DHS). After confirming the 

presence of asbestos in the Guadalupe River levee, DHS ordered SCVWD to 

remove all the asbestos contaminated soil. As described in detail in 

Section 2.0, DHS collected additional sanples of soil throughout Alviso. 

The sanple results indicated that asbestos was randomly distributed 

throughout the community of Alviso including t h e ring levee. Based on the 

soil results, DHS conpleted a Hazardous Waste Site Ranking for the site, 

vrtiich received a score of 41.87 and was listed 17th on the proposed revised 

State Superfimd list in December of 1983. In Jtine of 1984, EPA conpleted 

its Hazard Ranking procedures and scored the site as 44.68. The site was 

added to the NPL in October 1984. 

In June and August 1985, DHS conducted "worst case" scenario field 

experiments at the ring levee to determine if the asbestos present in the 

soils could pose a significant health risk. DHS forwarded the results to 

EPA v^ich in turn forwarded the results to the Department of Health and 

Human Services, Agency for Toxic Substances Control and Disease Registry 

(ATSDR). ATSDR recommended that remedial measures be implemented to 

"stabilize those sites to prevent the asbestos from being suspended in the 

air where residents may inhale the fibers". 

Based on the resvilts generated by DHS field experiments, DHS initiated an 

Operable Unit Feasibility Study (OUFS) to select a permanent remedy for the 

levee. At the same time, EPA agreed to implement interim remedial measures 
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at the site v^ich included paving of dirt lots and streets, and paving and 

cleanup at the Environmental Education Center. EPA sprayed the ring levee 

with a polymer dust suppressant to control asbestos dust in May 1986, and 

again in 1987; the City of San Jose continued the spraying in 1988. 

DHS' OUFS vias conpleted in April 1986 and recommended a clean soil cover 

for the levee. However, later that year, DHS referred the ring levee to 

EPA for further investigation and possible remediation. EPA had initiated 

the RI/FS for the entire site in 1986 \inder the direction of the Arm/ Corps 

of Engineers (COE). However, because of unforeseen difficulties, EPA 

transferred the site from COE-lead to an EPA Remedial Contractor, Canp 

Dresser & McKee. This document is the remedial investigation report for 

the entire site, although the ring levee has been investigated as an 

"operable unit" in a separate report (EPA, 1988a). 

The activities above have included community involvement and participation. 

State officials first communicated the asbestos problem to Alviso residents 

in 1983. Many community meetings have occurred since to assure tJiat the 

residents are aware of the RI/FS process and to gatJier their input. 

1.3 ASBESTOS IN THE ENVIRCT'IMENT 

Unlike some environmental sijbstances that are discrete entities defined by 

a fixed chemical structure, asbestos conprises a group of materials with a 

broad range of chemical conposition, crystalline structure, and physical 

properties, identified with diverse terminology. 

Asbestos is a generic term used to describe a group of naturally occurring 

fibrous silicate minerals. These fibrous silicates fit into two 

mineralogical groups: serpentines and anphiboles. The most abundant type 

of asbestos is chrysotile, the fibrous form of the serpentine group. 

Chrysotile is conposed of parallel curly fibers that can shear into small 

fibrils that take the shape of spirally wound tubes. Crocidolite and 

amosite are the two most common fibrous varieties of the amphibole group, 

altJiough they are relatively uncommon conpared with chrysotile. Unlike the 

rolled-up scroll configuration of chrysotile fibers, anphiboles crystallize 
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in straight double chains resulting in an elongated needle-like structure. 

Amphiboles are typically more brittle than chrysotile and tend to cleave 

longitudinally. Amphiboles, because of their dart-like characteristics, 

have greater tendency to become airborne than do the curly chrysotile 

fibers (NRC, 1984). These minerals may occur in nonfibrous form, in vrtiich 

case they are not classified as asbestos. 

The high tensile strength, flexibility, heat and chemical resistance, and 

favorable frictional properties of asbestos fiber make it adaptable to a 

large number of uses. Depending on the length of fibers and other 

characteristics, asbestos can be spun or woven, used as structural 

reinforcement in materials such as cement, plastic and asphalt, or be 

pressed to form paper. There are an estimated 2000 current uses of 

asbestos, including textiles, electrical insulation, filtration media, 

brake linings, floor tile, and paints. As a consequence of man's 

utilization of asbestos, coupled with the natural occurrence of the 

minerals, asbestos fibers can be found virtually everywhere in the 

environment. 

Asbestos is regulated in the work place by the Occupational Safety and 

Health Administration (OSHA), and EPA has issued legislation under the 

Toxic Si±istances Control Act (TSCA) to control asbestos in schools. 

Asbestos emissions are controlled at asbestos facilities under the Clean 

Water Act, Safe Drinking Water Act, and Clean Air Act and associated 

National Emission Standards for Hazardous Air Pollutants (NESHAPs). 

EPA is currently involved in developing regulations to control asbestos end 

products, and is investigating t h e role of naturally-occurring asbestos in 

ambient exposure. However, asbestos in the general environment, vhether 

from naturally occurring deposits of asbestos minerals or from product 

manufacture or use, is not regulated and the risks from very low levels of 

ambient asbestos are not clearly defined. There are no established cleanup 

levels for environmental asbestos. 

In California, serpentine is the designated state rock, and fibrous 

serpentine is widespread. Ambient levels in air tend to be higher than 

other parts of the country, in cases vAiere the rock has been quarried and 
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transported to other areas for use as fill or road-building material, it is 

no longer considered naturally-occurring and becomes a potential concern 

for EPA and state health officials. 

1.3.1 TOXICITY OF ASBESTOS 

The adverse human health effects from exposure to asbestos are extremely 

serious. Asbestos is a known human carcinogen that also causes other lung 

diseases (EPA, 1986a). Asbestos has been thoroughly examined in numerous 

epidemiology studies. The diseases that have been repeatedly identified 

are asbestosis, lung cancer, and mesothelima. Some studies also associate 

asbestos exposure with cancers of the larynx, pharynx, gastrointestinal 

tract, kidney, and ovary, and with respiratory disease, such as pneumonia. 

The properties of asbestos that relate to exposure and health effects are 

fiber size and aspect ratio, durability, flexibility and tensile strength, 

surface area and charge, and chemical conposition. Major health effects 

are summarized below, and are discussed further in Section 7.0. 

Lung cancer is currently responsible for the largest nuniber of deaths from 

exposure to asbestos. It has been associated with exposure to all the 

principal commercial asbestos fiber types. Excess lung cancer has been 

doamiented in groups involved with the mining and milling of asbestos and 

the manufacture and use of asbestos products. Studies (Nicholson et al., 

1979; Seidman, 1984; Selikoff et al., 1979 as cited in Appendix K) in which 

the extent of exposure can be approximated provide evidence that lung 

cancer increases linearly with both level and duration of exposure. 

Cigarette smoking and asbestos exposure have a strong synergistic 

interaction in the development of lung cancer as shown in a study of 12,051 

asbestos workers (Hammond et al., 1979 as cited in Appendix K). 

Consequently, v*ien exposed to asbestos, the risk of lung cancer for smokers 

is much higher than that for nonsmokers exposed to asbestos. 

Many human studies (Selikoff el al., 1979; Nicholson et al., 1982, as cited 

in Appendix K) have also shown that exposures to asbestos produce 

mesotheliomas, which are cancers that occur as thick diffuse masses in the 

serous membranes (mesothelia) that line body cavities. Mesotheliomas occur 
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in the pleura (the membrane that surrounds the Ivings and lines the liong 

cavity) and the peritoneum (v^ich surrounds the abdominal cavity). 

Epidemiology studies suggest that the incidence of mesothelioma is related 

to dose and time from first exposure. Association of mesothelioma with 

smoking is weak or nonexistent. Asbestos fibers appear, by far, to be the 

most common cause of mesotheliomas. 

Asbestosis, which involves fibrosis of lung and pleural tissues, is another 

serious chronic asbestos disease, but it is associated with very high 

levels of exposure to asbestos. Asbestosis is diagnosed from findings 

which may include radiographic changes, breathiessness, and abnormal l\ang 

function. A history of occupational exposure to asbestos is often a key 

feature of its diagnosis. Asbestosis can appear and progress decades after 

exposure to asbestos fibers. 

The conclusions from epidemiology studies concerning the health effects of 

asbestos are also supported by results of laboratory studies. Animals 

treated with asbestos have shown increased incidence of fibrosis, lung 

cancer, and mesotheliomas. All commercial forms and several other types of 

asbestos are inplicated from a variety of modes of exposure. 

Most occupational studies have been conducted on populations exposed to 

high airborne concentrations of asbestos for relatively long periods of 

time. However, short-term occupational exposures have also been shown to 

increase the risk of lung cancer and mesothelioma. In addition, there are 

many dociomented cases of mesothelioma linked to long-term exposure to low 

concentrations of asbestos. 

Some evidence of adverse health effects from non-occupational asbestos 

exposure also exists. Persons \^o lived in the households of asbestos 

workers have developed pleural mesothelioma and asbestos-related 

radiographic changes. In an ongoing study, four cases of mesothelioma have 

been diagnosed among 626 family contacts of amosite workers. These figures 

are much higher than that expected to be found among the general 

population. In addition, 35.9 percent of the contacts showed chest x-ray 

abnormalities as compared with 4.6 percent of control subjects drawn from 
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the same community. A number of mesotheliomas have also been docimented 

among populations whose only identified exposure was from living near 

asbestos mining areas, asbestos product factories, or shipyards where 

asbestos use had been very heavy. An estimated 1,600 cases of mesothelioma 

occur yearly in the U.S. among various population exposed to asbestos. 

In addition to exposure to asbestos fibers in the air, the general 

population is also exposed through various oral sources, including drinking 

water containing asbestos. Because of the potential for oral exposure as 

well as the excess of gastrointestinal tract cancers that has'frequently 

been found in occupational groups exposed to asbestos in the air, there has 

been much study of the possible health effects of ingestion of asbestos 

fibers. Despite those efforts, evidence showing health effects from 

ingestion is still ambiguous. 

1.3.2 PROBLEMS WITH ASBESTOS MEASUREMENT 

Although the role of asbestos as a cause of cancer is clear, the ways in 

which fibers cause disease are not well vinderstood, and this has 

conplicated efforts to measure asbestos successfully. Asbestos researchers 

have not agreed upon which attributes of asbestos are inportant to measure 

to assess risk, including size and shape of individual fibers, nim±»er of 

fibers, total mass of fibers, inclusion of asbestos bundles, clusters, and 

matrix debris in the fiber count, and asbestos mineralogical type. For 

example, there tends to be agreement that longer, thinner asbestos fibers 

(those longer than 5 microns in length with an aspect ratio greater than 3 

to 1) are more carcinogenic, i.e., The "Stanton Hypothesis" (Stanton et 

al., 1981; OSHA, 1986; CARB, 1986). However, other researchers question 

this approach, suggesting that both long and short fibers may be 

biologically active (Schneiderman et al., 1981). In addition to fiber 

dimension, surface chemistry of the asbestos fibers may play a role in 

causing disease (Mossman, 1983 as cited in i^pendix K). Further, there is 

disagreement whether mineral type is a factor in disease causation. Some 

would argue (Morgan and Seaton, 1984, as cited in i^pendix K) that 
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chrysotile asbestos may partially dissolve in weakly acidic environments, 

facilitating fiber clearance from the lung. On the other hand, EPA (1986a) 

holds that all asbestos mineral types are equally carcinogenic. 

To conpound the problem, analysis of ambient sanples for asbestos is much 

more difficult than occupational or work place sanples, because the 

concentration of asbestos in the environment is much lower. Asbestos 

fibers found in ambient air are typically too short and thin to be detected 

by conventional microscopes, and may be agglomerated with other particulate 

matter so that they are masked or hidden. Further, although EPA has 

attenpted to standardize asbestos analytical techniques, differences in 

sanple handling, preparation, instrument capabilities, operator 

proficiency, and counting procedures make it extremely difficult to compare 

results from different laboratories. In short, accurate measurement of 

asbestos is inpeded by many factors, greatly conplicating any estimates of 

environmental risk. The advantages and disadvantages of each analytical 

technique used during the study are described briefly below. Analytical 

methods are included in ̂ pendix 8. 

Polarized Light Microscopy (PLM) 

The analytical technique enployed for soil sanples by previous 

investigators at the South Bay Asbestos Site is polarized light microscopy 

(PLM). Since the late 1970's, PLM has been the preferred metJiod for 

detecting asbestos in bulk materials such as fire proofing and insulation. 

The advantages of PLM over other techniques include the ability to 1) 

identify all mineralogical asbestos types, 2) distinguish between asbestos 

minerals and their non-fibrous analogs, 3) identify most non-asbestos 

fibers, 4) identify most non-fibrous conponents of sanples, and 5) be 

performed quickly and inexpensively. 

As with most analytical techniques, limits exist to the information that 

can be derived from PLM. Some of the negative considerations vfhen 

evaluating PLM include: 
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o Asbestos content determination is usually done by visual 
estimate, and is thus semi-quantitative; concentrations are 
reported as percent by area. 

o Small fiber identification is difficult because the 
characteristics microscopic optical properties are hard to 
determine in small fibers. 

o The absolute optical resolution is approximately 0.3 micrometers 
in diameter; fibers this small, though observable, cannot usually 
be identified as to type. Many smaller fibers are typically 
present in the sample which therefore are not detected. 

When dealing with manufactured asbestos-containing materials, the above 

considerations do not usually pose a significant problem. This is because 

relatively large proportions of asbestos have been enployed in the 

manufacture of asbestos products. The presence of large bundles of 

asbestos fiber in large amounts (greater than one percent) is easily 

identifiable by standard PLM methods. 

In applying PLM methods to asbestos identification in soils, however, 

problems have been encoimtered. Because of the fact that soils are 

svibjected to erosion and weathering, asbestos bundles become separated and 

broken into smaller, possibly suboptical, sizes much more quickly than 

fiber bundles in relatively undisturbed insulating materials. Asbestos 

fibers may also be dispersed by wind and by seasonal flooding. Therefore, 

a sizable fraction of the asbestos fibers in soil could be below optical 

resolution. Most asbestos experts agree that PLM analysis is not adequate 

to identify soil sanples with less than one percent asbestos, even though 

soils with low asbestos fractions may still pose a health risk if the 

fibers are liberated into the air. 

Transmission Electron Microscopy (TEM) 

Transmission electron microscopy (TEM) is a much more powerful analytical 

method than PLM. It is the preferred instrumental technique for measuring 

asbestos in ambient atmosphere since it incorporates the most powerful 

combinations of identification methods (Chatfield, 1983). TEM can be used 

for air, water, or soil analysis. Although it is not limited in terms of 
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mineral identification, this method does have its drawbacks; it is 

extremely time consuming and expensive. In addition, methods of sanple 

preparation are not standard among asbestos researchers. 

TEM analysis uses electron microscopy at a magnification of 10,000 to 

50,000 times *:o detect asbestos to the single fibril level. Fibers as 

small as 0.2 nanometers in diameters can be identified (Chatfield, 1983). 

Besides the transmission electron microscope, which allows the operator to 

locate very small fibers, this technique also utilized two mineral 

identification tools. These are Selected Area Electron Diffraction (SAED) 

and the Energy Dispensive X-ray Analyzer (EDXA). Using these, t h e operator 

can identify the mineral type from a single point on t h e specimen. 

The previous soil sanples taken from the South Bay Asbestos site for TEM 

analysis were analyzed using a preparation method developed by Dr. Steven 

Hayward of the California Department of Health Services (DHS). Sanples 

collected for this RI were also prepared using Hayward's method. This 

method involves grinding soil to a fine powder, then suspending the powder 

in water in order to filter it. The filter is then analyzed by coimting, 

like an air filter. This method does not allow the in-situ 

characterization of fiber sizes, but it does give results in total percent 

by weight. 

Sanples for air were analyzed by TEM try several laboratories, using two 

very different preparation techniques. The first, or direct technique, 

involves coating the air filter with a carbon film to trap the fibers, then 

placing the filter on a grid of known size and collapsing the filter onto 

the grid. The number of fibers are then counted. The second preparation 

method, or indirect technique, involves ashing tJie filter, then suspending 

the residue in water and filtering it through a second filter. The second 

filter is then prepared as for direct analysis. Based on the two sets of 

resxilts (discussed in Section 5.0), the indirect method appears to give 

asbestos results higher than the direct method, because much of the 

obscuring matter included in tJie sanple is dissolved during the 

resuspension. Although the indirect method may yield more accurate 

results, considerable controversy exists whether the indirectly-prepared 
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sanple data are appropriate to use for risk estimation in ambient 

situations, since they cannot be conpared directly to fiber covints obtained 

during medical studies using Phase Contrast Microscopy (discussed below). 

The high resolving power of TEM allows estimates of not only total number 

of fibers but also fiber mass in nanograms, since the length, width, and 

diameter of each fiber can be observed (and multiplied by a given density). 

Although many previous studies, including asbestos medical data, are 

reported in mass concentration, controversy exists as to the relevance of 

mass measurements to risk estimation. A few large and thick fibers or 

clusters can have a disproportionate effect on the mass. For this reason, 

mass analysis of the air sanples were not used in tJiis investigation. 

Phase Contrast Microscopy (PCM) 

Phase contrast microscopy (PCM) is a metJiod of optical microscopy that is 

commonly used to analyze air sanples collected in t h e workplace. The 

method is better suited to analysis of workplace air than ambient air 

because in the work place one encoionters a relatively large concentration 

of large bundles of asbestos fibers (NRC, 1984). Most of tJie available 

medical studies of asbestos diseases have measured asbestos using PCM. 

(Appendix K, p. 3-8). 

The PCM technique has two major limitations concerning its use in the 

environment (Chatfield, 1983). The method cannot detect fibers with 

diameters of less than 0.2 micrometers. Many fibers in the environment are 

much smaller than this. Also, PCM does not distinguish between asbestos 

fibers and other types of fibers. Therefore, in the environment, the PCM 

fiber count may be completely unrelated to the asbestos fiber content. For 

these reasons, "it is widely accepted that the PCM method is totally 

unsuitable for measurement of asbestos fibers in ambient atmospheres" 

(Chatfield, 1983). 

A major concem is how to convert between the TEM asbestos data collected 

during the RI and the PCM occupational data base upon vrtiich estimates of 

health risk are based. There is no consensus among asbestos researchers 
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and health experts as to the best way to equate an electron microscope 

measurement to the lower-resolution optical measurement of PCM. This issue 

is discussed further in Section 7.0, Risk Assessment. 

Scanning Electron Microscope (SEM) 

A few of the sanples collected by previous workers at t h e South Bay 

Asbestos site were analyzed using scanning electron microscopy (SEM). 

Although this method has a resolution of as much as 5 nanometers, it is not 

generally suitable for environmental sanples and was not enployed during 

the RI. 

According to Chatfield (1983), there are three problems with the SEM 

technique that render it inappropriate for environmental samples. First, 

tJie high resolution can only be obtained \A\en analyzing ideal specimens, 

otherwise electrical noise interferes. Second, thin fibers and flat platy 

particles display poor contrast, and are therefore difficult to identify. 

Finally, SEM can not discriminate reliably between chrysotile and t h e 

elongated particles of other non-asbestos minerals. 

1.4 REPORT ORGftNIZATION 

This report describes the Remedial Investigation that was performed for the 

South Bay Asbestos site. The investigation included the review and 

interpretation of work perfomed by previous investigators at the site; 

previous work is presented in Section 2.0 of this report. Section 3.0 

describes the field work performed in this investigation. The data 

gathered for the remedial investigation are presented in Sections 4.0 and 

5.0. Section 4.0 describes the physical characteristics of the site and 

Section 5.0 discusses the nature and extent of contamination at the site. 

Section 6.0 provides an interpretation of the fate and transport of 

contaminants at the site. The information discussed in Sections 5.0 and 

6.0 is then used to develop the Risk Assessment in Section 7.0. Finally, 

Section 8.0 provides a summary and the conclusions of the Remedial 

Investigation. 
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2.0 PREVIOUS INVESTIGATIONS AND RESPONSE HISTORY 

2.1 SUMMARY OF PREVIOUS INVESTIGATIONS 

The discovery of waste asbestos in Alviso on August 8, 1983 initiated a 

series of soil and air sanpling programs in Alviso. This section provides 

a summary of the numerous (and in some cases previously undocumented) site 

sanpling investigations in Alviso since the discovery of asbestos up to the 

Remedial Investigation performed by EPA in 1987. A chronological list of 

sampling events is provided in Table 2.1. The data obtained during these 

events were used to develop preliminary estimates of site contamination, 

and to determine the scope of the RI/FS investigation. In general, the 

previous soil asbestos data were used in this study as general indicators 

of site asbestos contamination. Previous air data were not used, because 

they were not long-term sanpling events suitable for assessing inhalation 

risks. Much of the previous data were used specifically to guide interim 

emergency cleanup actions, described herein. The RI/FS effort focused on 

obtaining data to verify existing data, or to fill data gaps so that a risk 

assessment could be conducted. 

The methods (vrtiere available) and results of each of the previous soil and 

air investigations are discussed below. The discussions are arranged 

chronologically by agency. All results are presented in Appendices C 

through E, summarized in Tables 2.1 and 2.2, and shown graphically in 

Figures 2-1 through 2-9. 

2.2 PREVIOUS SOIL INVESTIGATIONS 

2.2.1 CALIFORNIA OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION 

(Cal-OSHA) 

Methods 

Waste asbestos was discovered in the Guadalupe River levee during 

construction of a flood outfall structure. On August 8, 1983 during a 
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routine inspection, a safety engineer and industrial hygienist from the 

California Occupational Safety and Health Administration (Cal-OSHA) noticed 

white material in the excavation spoils and collected two sanples to 

confirm its conposition. Two days later, six soil sanples were collected 

from the top and sides of the river levee and from the truck turnaround 

area in the adjoining field. The soil sanples were collected using a hand 

trowel. "Sanpling was diverted toward collecting vdiat visually appeared to 

be fibrous material in surface soil," (Aqua-Terra, 1986). Sanple locations 

are included on Figure 2-1. 

The sanples were analyzed by polarized light microscopy (PLM) by the Air 

Industrial Health Laboratory (AIHL) of the California Department of Health 

Services (DHS). 

Results 

The two sanples of suspected asbestos that were collected on August 8, 1983 

were found to contain 30 + 10 percent asbestos by weight. The six soil 

sanples contained from < 1 to 7.5 + 2.5 percent asbestos by weight. Sanple 

results are tabulated in Appendix C and shown in Figure 2-1. The sanpling 

results pronpted DHS and the Bay Area Air Quality Management District 

(BAAQMD) to require that the area be barricaded and that the excavation 

spoils be removed to a hazardous waste disposal facility. Removal of the 

contaminated soil took place from August to December 1983. 

2.2,2 CALIFORNIA DEPARTMENT OF HEALTH SERVICES (DHS) 

Initial Soil Sanpling 

Methods 

On August 10, 18, 30, and September 1, 1983, DHS collected soil sanples 

from the river levee, from fields adjacent to the river levee, and from the 

boxindary of the Summerset Trailer Park. These were biased sanples: if the 

sanpling location had vAiite niaterial present, that was sampled preferen

tially. All but two of the sanples were collected with a hand trowel. Two 
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sanples were collected from depths of 1 1/2 feet and 4 feet using a hand 

auger. No duplicate sanples were collected. The soil samples were 

analyzed by PLM by AIHL. According to Steve Hayward of AIHL, the PLM 

method he used has a detection limit of 0.01 area percent, rather than 1 

percent typically reported by conimercial laboratories. 

Results 

The soil sanples were found to contain from < 0.01 to 30 + 10 percent 

asbestos by weight. Sanple results are tabulated in Appendix C and shown 

in Figure 2-1. 

Random Grid 

Methods 

On September 12, 1983, DHS collected 20 sanples from a "random grid" and 

collected another five sanples from various locations around the community. 

The locations for these sanples and the other soil samples collected by DHS 

are included on Figure 2-1. 

A grid with squares numbered from 1 through 72 was prepared on a blank 

sheet of paper vrfiich was then overlain on a map of Alviso (the exact scale 

of the grid used is not available). The numbered squares were then 

reordered using a random nxombers table. The sanplers were instructed to go 

to the first square on the list to collect a sanple; if sanpling was not 

possible there, the sanplers were to go to the isecond square on the list. 

They were to continue until 20 squares had been sanpled. The samplers were 

to collect a sanple from the same position within each square. The exact 

location was chosen to sanple imdisturbed, natural-looking soil. The 

sanpled locations are distributed throughout the community. 
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The five additional sanples were collected to identify unusual materials 

observed during the grid sanpling. These included a "lavender powder" 

observed near t he fire station, a "solid foam raaterial" found in the marsh, 

and a "white pile" seen near the intersection of Catherine Street and State 

Street. 

Results 

All of these sanples were initially analyzed by AIHL using PLM. Results 

were from < .01% to 3 + 2 percent asbestos by weight. The asbestos values 

for each sanple are tabulated in Appendix C and are shown in Figure 2-1. 

One of the sanples, which had been estimated to contain 0.1 percent 

asbestos by PLM was then examined using a Scanning Electron Microscope 

(SEM). This was to determine if the soil material that was too small to be 

resolved with PLM contained asbestos. With SEM, much of the backgroimd 

"soil" material was found to be fine asbestos fibers. TEM was then used to 

quantify the mass percentage of asbestos. This analysis showed that 10 to 

20 percent of the mass of this soil sanple was asbestos even though its 

microscopic appearance was no different than that of common soil. 

After this discovery, AIHL developed a draft procedure for determining 

asbestos content in soil by TEM (Hayward and Lowe, no date). An additional 

six of the 20 grid sanples were analyzed using this method. Results ranged 

from 0.074 to 26 percent asbestos by weight. 

Simulations 

Method 

In June and September 1985, DHS performed three experiments to measure 

asbestos exposure under certain soil-disturbing conditions. 

DHS performed two experiments on the ring levee at the intersection of 

Spreckles and Michigan Streets (Figure 2-1). The first, called the "worst 

case experiment", was performed on June 18, 1985. In this experiment, the 
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levee soil was disturbed with a shovel and a rake. An electric fan was 

used to blow the dust that was generated toward an air sampler. To 

calibrate the results of the air analysis to the asbestos content of the 

soil, DHS collected, and sent to AIHL, a sanple of the disturbed soil and a 

sanple of the dust that settled on top of the fan. 

On September 17, 1985, the second experiment was perfonned at the same 

location. This experiment was similar to the first except that air samples 

were collected from the breathing zone. The levee soil was disturbed using 

a shovel and a toy dunp truck. For calibration purposes, a sanple of the 

levee soil was collected from the experiment site. On the same day, DHS 

also collected a sanple of soil from a dusty path that crossed the levee 

several blocks north of the experiment site. The sanples were analyzed by 

AIHL using TEM. 

On September 25, 1985, DHS performed a traffic simulation. Air was sampled 

along the unpaved north end of Spreckles Street while a truck drove back 

and forth (described in Section 2.3.2 and Figure 2-7). Two soil sanples 

were also collected. One was from the middle of the road, one was from the 

northeast edge of the road, vdiich is downwind of the road. The samples 

were analyzed by AIHL using PLM. 

Results 

PLM analysis showed that the two soil samples collected during the worst 

case experiment contained <1 percent asbestos. However, when analyzed 

using TEM, one of the soil sanples was found to contain 24 percent asbestos 

and the other was found to contain 36 percent asbestos by weight. 

The two soil sanples collected during the field experiment performed with a 

shovel and a toy truck in September, 1985, were found to contain 12.5 

percent and 13.5 percent asbestos by TEM analysis. 

PLM analysis indicated that the soil sanple collected in the middle of the 

Spreckles Avenue contained 10 percent asbestos. The soil sample collected 

from the downwind side of the road contained 63 to 75 percent asbestos. 
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Results of the air analyses are discussed in Section 2.3. After the first 

of these experiments, the "worst case exposure" experiment, DHS briefed the 

EPA Emergency Response Section on the results. DHS asked EPA to consider 

emergency response action to limit asbestos emissions from the ring levee. 

DHS and EPA then jointly collected and analyzed sanples taken from 

locations within the community emd from the ring levee as described below. 

2.2.3 U.S. ENVIRONMENTAL PROTECTION AGENCY EMERGENCY RESPONSE SECTION 

(EPA) 

Joint Sanpling with DHS 

Methods 

On August 27, 1985, soils at 13 locations within the community and along 

the levee were sampled by EPA. At one of the locations, EPA collected a 

duplicate for quality assurance purposes, and at 11 of the locations, DHS 

collected a duplicate sanple. The two sanples that DHS did not duplicate 

were rock and pipe, rather than soil, sanples. EPA's set of soil sanples 

was analyzed by EAL Laboratories (EAL) with PLM. The duplicate samples 

collected by DHS were sent to AIHL for analysis. AIHL used PLM to analyze 

six of the sanples and used a combination of PLM and SEM to analyze the 

other five. AIHL also analyzed one of the sanples using SEM and TEM. 

Sample locations are included on Figure 2-1. 

Results 

The analytical results (i^pendix C) for the duplicate sanples reveal slight 

variation between sanples, between laboratories, and between analytical 

methods. The results are shown graphically in Figure 2-1. 
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Street and School Yard Sanpling 

Methods 

In October 1985, the EPA Emergency Response Section sampled three unpaved 

areas in the community. On October 4, EPA collected 34 surface soil 

sanples from the unpaved north end of Spreckles Avenue and 13 surface soil 

sanples from the (3eorge Mayne Elementary School yard. On October 23, EPA 

collected 67 surface soil sanples from streets within the O'Neill Tract. 

All of these sanples were collected at predetermined intervals to avoid 

sanpling bias. The sanple locations are included on Figure 2-1. No 

duplicates were collected. The samples were analyzed using PLM. 

Results 

The sanples collected from Spreckles Avenue and from the school yard 

contained from <1 to 3-5 percent asbestos. The O'Neill Tract samples 

contained less than 1 percent of asbestos, with the exception of one sanple 

with 1 to 2 percent asbestos. The results for these sanpling events are 

tabulated in Appendix C and shown in Figure 2-1. Based on these results, 

EPA paved the school yard and Spreckles Avenue on October 26 and 27, 1985. 

No action was taken at the O'Neill tract since asbestos results were so 

low. 

Grid Sampling 

Methods 

From December 16 to 31, 1985, EPA sanpled extensively throughout the 

community, along the ring levee, and at the Environmental Education Center. 

Within the community, 235 surface soil sanples were collected at 250-foot 

intervals. Eleven of these were duplicate sanples. The sanple locations 

for the grid sanpling included residential property, street dust, the levee 

of the Guadalupe River, the George Mayne Elementary School grounds, and the 

Summerset Trailer Park. One hundred-ten surface soil sanples were 

collected along the ring levee at lOO-foot intervals. Three of these were 
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duplicated. Twenty-four surface soil sanples were collected from recent 

fill at the Environmental Education Center. One of these sanples was a 

duplicate. The sanple locations are shown on Figure 2-2. All of the 

sanples collected during December 1985 were analyzed using PLM. 

Results - Community and levee grid sanples: 

Results of the analyses are tabulated in i^pendix C, and shown graphically 

in Figure 2-2. Asbestos was detected in approximately 65 percent of the 

grid samples, and more than 45 percent of these sanples contained 1 percent 

or more asbestos. About 20 percent of the grid sanples contained 5 percent 

or more asbestos, and 7 percent of the total contained at least 20 percent 

asbestos. 

Within the community, asbestos levels were variable and did not reveal a 

pattern. In many cases, sanples with no asbestos detected were near 

samples with over 5 percent asbestos. A "hot spot" identified is the 

two-block area bounded by Taylor Street, Hope Street, Elizabeth Street and 

El Dorado Street. Of the ten sanples collected there, six contained 10 to 

20 percent asbestos. 

The grid sanpling revealed several "hot spots" on the ring levee. Sanples 

from the ring levee along Spreckles Avenue between Grand Boulevard and 

Wabash Street contained from 5 to 20 percent asbestos. Also, ring levee 

sanples from El Dorado Street to Catherine Street contained from 5 to 40 

percent asbestos. Sanples from the part of the ring levee that parallels 

State Street also contained from 3 to 40 percent asbestos. Because of 

these results, EPA sprayed the ring levee with a polymer dust suppressant 

in May 1986. 

Results - Environmental Education Center sanples: 

Of the 24 soil sanples collected at the Environmental Education Center, 

asbestos was detected in 15. Six sanples contained from 1 to 3 percent 

asbestos, three sanples contained from 5 to 10 percent asbestos, and the 

remaining six contained more than 10 percent asbestos. The results are 
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tabulated in Appendix C and shown in Figure 2-2.. Based on these results 

EPA removed debris piles, paved some berms and walkways, and revegetated 

some areas at the Environmental Educational Center. 

2.2.4 CITY OF SAN JOSE 

Methods 

During May, 1986, Woodward-Clyde Consultants (WCC), as the contractor for 

the City of San Jose, collected soil sanples as part of their analysis of 

the ring levee. The ring levee investigation also included air sanpling, 

which is discussed in Section 2.3. As a part of the air investigation, 

performed May 7, WCC collected one surface soil sanple from the WSP 

truckyard, v^ich was the location of one of the air sanplers. 

On May 15 and 16, WCC collected sanples from 47 locations along the ring 

levee that were designated by the City of San Jose. The ring levee sample 

location are shown on Figure 2-3. From each location, with one exception, 

two sanples were collected using a jeep-mounted auger. One was taken from 

a depth of 4 to 6 inches, the other from 12 to 18 inches. The soil samples 

were shipped to EMS Laboratories for PLM analysis. 

Results 

The topsoil collected from the WSP truckyard contained 2 percent chrysotile 

asbestos by PLM. 

WCC found that approximately two-thirds of the sanples collected from the 

ring levee contained at least 1 percent asbestos as shown in Figure 2-3. 

The areas of the levee that contained high concentrations of asbestos 

coincided approximately with sanple results reported by EPA. These areas 

are as follows: 

(1) Parallel to Spreckles Avenue between Grand Boulevard and State 
Street. Surface soil sanples here contained up to 15 percent 
asbestos and the deeper sanples contained up to 22 percent 
asbestos. 
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(2) Parallel to State Street north of the truckyards between Archer 
Street and Pacific Street. Surface soil samples contained up to 
13 percent asbestos and the deeper sanples contained up to 15 
percent asbestos in this area. These sanples contained lower 
asbestos concentrations than were found by EPA in this part of 
the levee (see page 2-11; compare Figures 2-2 and 2-3). 

In addition, WCC found two other localized areas with high asbestos 

concentrations. One of these was the ring levee parallel to Grand 

Boulevard. Here, PLM analysis showed that surface sanples contained 5 to 

15 percent asbestos, and subsurface sanples contained 4 to 15 percent 

asbestos. WCC also found high asbestos concentration along El Dorado 

Street, v^ere two surface sanples contained 8 and 10 percent asbestos, and 

the deeper sanples contained 3 and 4 percent asbestos. 

All of the WCC ring levee sanple results are tabulated in Appendix C and 

shown in Figure 2-3. 

2.2.5 ENVIRONMENTAL PROTECTION AGENCY FIELD INVESTIGATION TEAM (FIT) 

Methods 

In 1986, EPA directed its Field Investigation Team (FIT) contractor. 

Ecology and Environment Inc., to sanple some unpaved truckyards in Alviso. 

The purpose of this investigation was to detemiine vrtiether dust generated 

at these facilities contributed to asbestos exposure in the community and, 

if so, whether paving was necessary. EPA believed that the truckyards 

might be contaminated in two ways: redistribution of landfill material and 

direct dunping of industrial asbestos waste. Because the truckyards are 

unpaved and in some cases unvegetated, EPA was concerned that they may be 

significant sources of asbestos releases. In addition to the possibility 

that fill was transported from the Alviso landfills to the truckyards, 

asbestos waste may have been deposited directly at the location of current 

truckyards, near the old race track (Aqua-Terra, 1986). The racetrack, 

v^ich was operational during the mid-1950s, was located north of State 

Street between Essex Street and Spreckles Avenue. 
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On July 23 and August 7, 1986, fifty-two surface soil sanples were 

collected, including five duplicates, from ten truckyards. The Scimple 

locations within the truckyards were chosen using a predesignated grid 

pattern. Locations of the truckyards and of the soil sanples are shown on 

Figure 2-4. In addition to the grid sanples, one sanple was collected of 

niaterial that appeared to be asbestos. 

The fifty-two sanples were sent to Versar, Inc., for analysis by PLM. 

Later, Clayton Environmental Consultants Inc. reanalyzed five of the 

sanples using PLM. In 1987, 21 of the sanples were reanalyzed by EAL using 

TEM; EAL also analyzed 19 of the 21 sanples using PLM. 

Results 

The truckyard samples contained very low concentrations of asbestos as 

shown in Figure 2-4 and Table 2.2. Versar found no asbestos in 19 of the 

sanples, and only trace amounts in the other 33. Three of the Clayton 

analyses agreed with those of Versar; however, Clayton found that two 

sanples contained more asbestos than Versar found. These sanples contained 

2 and 19 percent asbestos. The EAL analyses also revealed very low 

asbestos content. All 21 TEM analyses found less than 0.1 percent 

asbestos. The PLM results ranged from not detected to 2 percent. 

2.3 AIR INVESTIGATIONS 

2.3.1 BAY AREA AIR QUALITY MANAGEMENT DISTRICT (BAAQMD) 

On August 22 and 23, 1983, BAAQMD collected air sanples at the excavation 

site vrfiere asbestos was discovered (Aqua-Terra, 1986). Number and type of 

air sanplers, sanple times, and analytical methods and results are not 

known. Mr. Wayland Siu of the BAAQMD was contacted for information on the 

sanpling effort. Although his records included infomiation about later 

sanpling efforts in Alviso, he had no record of BAAQMD's sampling during 

August 1983. 
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2.3.2 CALIFORNIA DEPARTMENT OF HEALTH SERVICES (DHS) 

Ambient Air Sanpling 

Methods 

During the period from October 7, 1983 through May 3, 1984, DHS collected 

40 ambient air samples from nine stations. Sanples were collected on 0.2 

/um pore size nucleopore polycarbonate menibrane filters using Sierra 

Instruments Monocot Sanplers. Flow rates for ambient air sanples averaged 

15 liters per minute. For each sanpling event, wind direction and velocity 

were noted. All but five of the samples were analyzed by AIHL using TEM. 

Twenty-five of the sanples were split and analyzed by both AIHL and Med-Tox 

Associates. Five sanples were analyzed by Med-Tox only. 

The initial air sanples, collected on discrete days by DHS from October 7, 

1983 through May 3, 1984, were collected for two purposes: (1) to 

determine vhether ambient asbestos levels upwind of Alviso were different 

than those measured in Alviso and (2) to determine whether indoor asbestos 

exposure differed from outdoor asbestos exposure. The sampling locations 

are shown on Figures 2-5 and 2-6. DHS used the William Smith yard, at the 

north end of Spreckles Avenue, as an upwind site and conpared values there 

to values at the Fire Station and at the Summerset Trailer Park. DHS 

compared indoor and outdoor asbestos values at three sites: George Mayne 

Elementary School and the Martinez and Gordon residences. 

To assist DHS in gathering further infonnation on ambient asbestos levels 

in Alviso, BAAQMD conducted a sampling program from August 16, 1984 through 

November 1, 1984. Sanples were collected from five sites in Alviso and 

from two reference sites outside of the community. Within the community, 

they sanpled air at the Fire Station, George Mayne Elementary School, 

Sutter's Card Lounge, and Summerset Trailer Park. The upwind reference 

site is located at Moffett Field on Moffett Park Drive just west of Highway 

101. The downwind reference site is the BAAQMD air monitoring station at 

Fourth Street and East San Carlos Street in San Jose. 
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Results 

DHS did not prepare a formal report results of their air study; however, 

Aqua-Terra Technologies (ATT) presented these data in their 1986 Interim 

Report (Aqua-Terra, 1986). This section of the ATT report is included as 

Appendix D. 

The general conclusion presented by ATT is that asbestos levels in the air 

at Alviso may be three to ten times higher than ambient levels at the 

Moffett Field site, and that the relative difference between Alviso and San 

Jose airborne asbestos concentrations is not clear. ATT also reported that 

the DHS study did not collect enough meteorologic data to be able to draw 

conclusions about vAiich sources of asbestos were contributing to airborne 

asbestos levels. The conclusions presented in ATT's report should be read 

with caution. DHS's sanpling program did not include enough sanples 

collected at identical locations over time to draw statistically based 

conclusions concerning the magnitude of asbestos contractions within and 

outside of Alviso. 

The data tables included in the ATT report in i^pendix D show a large 

discrepancy between analyses performed by AIHL and those performed by 

Med-Tox. The fiber counts reported by Med-Tox are typically much lower 

than those reported by AIHL. The reason for this discrepancy has not been 

determined. The analytical method used by AIHL, vrfiich was developed by Dr. 

Steve Hayward, is included in i^pendix 8, and can be conpared to the EPA 

draft method (Yamate et al., 1984), also in î jpendix 8, used by Med-Tox. 

Hayward's method is based on the Yamate method and uses similar fiber 

counting and sizing procedures. The fiber count differences may possibly 

be attributed to differences in operator procedures. 

Exposure Simulations 

Methods 

DHS performed three experiments in 1985 that were designed to measure 

potential asbestos exposure to site residents under certain conditions. 
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On Jime 18, 1985, DHS performed the worst case experiment on the levee at 

the intersection of Spreckles Avenue and Michigan Street. This simulation 

was designed to measure asbestos concentrations in the dust cloud generated 

by disturbing the soil. In this experiment, a shovel and a rake were used 

to spill dirt in front of a fan vrtiile the fan created a wind of 

approximately 15 mph. An air sanpler was positioned 10 feet downwind from 

the fan at a height of 3 feet. Two air sanples were collected and analyzed 

by AIHL using TEM. 

On September 17, 1985, DHS conducted a similar experiment at the same site. 

This experiment was designed to assess a person's exposure to airborne 

asbestos v^ile gardening or playing. In the first part of the experiment, 

a shovel was used to turn the loose earth over vrtiile a sanpler at a height 

of four feet collected sanples from the breathing zone. In the second part 

of the experiment, the experimenter played with a toy dunp truck, 

alternatively scooping loose dirt into it by hand and then dunping it out. 

The sanpler was placed at a height of 1 foot to sanple a child's breathing 

zone. The air sanples were analyzed by AIHL using TEM. This experiment was 

also conducted at the Berkeley waterfront to obtain a control sanple. 

On September 25, 1985, DHS performed a traffic simulation to detemiine the 

airborne asbestos concentration in dust generated by vehicle traffic on the 

unpaved part of Spreckles Avenue. Five MSA personal monitoring pumps were 

used to collect air sanples. One of these was attached to the driver's 

side rear-view mirror of a pickup truck. The other four were set up at a 

height of 4 feet, two on each side of the street, as shown on Figure 2-7. 

Filter cassettes were attached to the punps to collect aerosols, v^ich were 

later analyzed for asbestos fibers using PCLM (NIOSH Method 239). Punp 

rates were set at 2 liters per minute. After the punps were turned on, the 

pickup truck was driven past the stationary pumps at 20 mph; after passing 

the end pumps, the truck turned around to drive by the punps again. About 

sixty passes were conpleted along approximately 200 feet of Spreckles 

Avenue. During the experiment, wind speed was from 0 to 5 mph with gusts 

to 20 nph. Wind direction was generally from the west but varied from the 

west to the north. The road condition was dry. 
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Results 

The air quality samples collected during the worst case experiment were 

found to contain 170 and 190 total fibers/cm^ and 1.1 and 0.9 

NiOSH-equivalent fibers/cm^, by TEM. "NIOSH equivalent" fibers were 

defined by AIHL as those fibers with diameter greater than 0.25 microns, 

length greater than or equal to 5 microns, with an aspect ratio (length to 

width) of 3 or greater; it was assumed that fibers of such dimensions 

counted with a transmission electron microscope set at low power 

magnification (400 to 4000x) are equivalent to fibers detected by the PCM 

method. The sanple collected during the shoveling simulation contained 

0.35 fibers/cm', and the sanple collected during the toy truck simulation 

contained 1.6 fibers/cm^. (The shoveling and toy truck simulations did not 

have NIOSH-equivalent fiber coimts reported). 

On the Berkeley waterfront, the shoveling simulation produced 0.07 total 

fibers/cm^ and the toy truck simulation produced 0.39 total fibers/cm . 

TEM examination of the Alviso and Berkeley sanples showed that all fibers 

from Alviso were asbestos, vdiereas nearby all fibers from Berkeley were 

cellulose. 

Figure 2-7 shows the results of the traffic simulation. Analyses of the 

downwind sanples and the sanple from the truck-mounted sanpler revealed 

higher airborne asbestos concentrations than did those of the upwind 

sanples. 

The worst-case and toy truck experiment data were used in the ring levee 

Operable unit Feasibility Study (OUFS) (EPA 1988a) to show the potential 

for asbestos exposure from soils at the levee. They were not used in the 

RI risk assessment because of lack of quality control information and 

possible inappropriate exposure assunptions. The traffic simulation data, 

however, were used in the risk assessment (Section 7.0) to estimate 

exposures to asbestos near vehicle traffic. 
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2.3.3 CITY OF SAN JOSE 

During May 1986, Woodward-Clyde Consultants (WCC), as the contractor for 

the City of San Jose, conducted an air sampling program to learn whether 

the ring levee was a source of airborne asbestos (WCC, 1987). These data 

were used in the ring levee Operable Unit Feasibility Study (OUFS)(EPA, 

1988a). The results are included in that document. 

2.4 MARSHLAND LANDFILL INVESTIGATIONS 

The South Bay Asbestos site boundaries include the Marshland landfill, a 

large inactive Class II landfill currently undergoing closure in accordance 

with State and Federal landfill regulations. Since it is part of the site, 

available data regarding the landfill were included for completeness. 

Methods 

In March and April 1985, Woodward-Clyde Consultants (WCC) conducted a study 

of the southwestern corner of the Marshleind Leuidfill for the California 

Department of Transportation (Caitrans). The purpose of the study was to 

identify the presence and nature of hazardous wastes there because Caitrans 

was considering excavating part of the landfill in order to build a highway 

interchange. 

WCC drilled three borings, from which they sampled soil, leachate, and soil 

gas. The boring locations are shown on Figure 2-8. Each boring was 

drilled to a 55-feet depth using a hollow-stem auger. Soil sanples were 

collected at 5-foot intervals using a split-spoon sanpler with brass tubes. 

Twenty-eight sanples of soil and landfill debris were collected. After 

drilling each boring, a Teflon bailer was lowered into the hollow-stem 

auger to collect a leachate sanple. Soil-gas sanples were collected from 

each boring with the use of a down-hole sanpling probe equipped with a low-

volume vacuum punp. The punp drew gas across a charcoal tube that was 

later analyzed for organic vapors. To collect sanples for hydrogen sulfide 

and sulfur dioxide gas analysis, the punp drew gas through liquid-filled 

glass inpingers designed for these specific gases. 

2-16 
288.14A:5 



Soil samples were analyzed for asbestos using PLM by EAL Laboratories. SML 

Laboratories analyzed soil, leachate, and gases for Priority Pollutant 

metals. Stoner Laboratories analyzed soil and leachate sanples for vola

tile organic conpounds, pesticides, and PCBs. Stoner also analyzed the 

organic gas sanples. In addition, Stoner analyzed field blanks for 

volatile organic conpounds and quality control blanks for organic gases. 

Results 

In soils, copper and lead exceeded the State Total Threshold Liniit 

Concentration (TTLC) in one boring. In two borings, soil sanples contained 

TCE (trichloroethene) exceeding the TTLC. Asbestos was not detected in 

soils. Leachate collected from one boring exceeded the Soluble Threshold 

Limit Concentration (STLC) for lead. WCC's report states that no other 

leachate conpounds exceeded standards. WCC conpared the sanple results to 

California regulatory standards. All of WCC's sanple data are presented in 

i^pendix E. 

2.5 O'NEILL TRACT INVESTIGATION 

As part of the overall site investigation of potential sources of both 

asbestos and hazardous wastes, EPA's Technical Assistance Team (TAT) 

contractor. Ecology and Environment (E&E), perfomied a preliminary 

inventory of drummed waste and asbestos waste stored at the O'Neill 

junkyard in the spring of 1988. This junkyard is located on the southeast 

side of Grand Boulevard between Essex Avenue and Pacific Avenue. 

E&E visited the site on March 30 and ;^ril 18. During the first visit, the 

team coimted 70 drums at the site. Most of these were enpty. Twenty-two 

of the drums were numbered, inventoried, sanpled, and classified. Several 

other drums were not sanpled because they were not accessible. 

On April 18, E&E returned to the site to sanple and classify the previously 

inaccessible drums. At that time, the team also performed Seta flashpoint 

tests on the drums that previously tested positive for flammability. Also 
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during this visit, the team inventoried three piles of asbestos/cement pipe 

that were found on site. 

Of the 37 drums that were sanpled, four tested positive for flammability 

and three were characterized as potentially corrosive due to their high pH. 

A conposite semple was collected from the three potentially corrosive 

drums; the sanple was laboratory analyzed for total cyanide, total sulfide, 

and pH. Results showed that the liquid in these drums was below the RC:RA 

definition of toxicity. 

E&E found piles of asbestos pipe at three locations in the junkyard. These 

piles consisted of approximately twenty-two 3-foot long, 6-inch 

diameter asbestos pipe and eight pipes of 3.5-foot length and 14-inch 

diameter. No action was taken regarding the asbestos pipe. 

As a result of the TAT investigation, a contractor for DHS removed the four 

drums of fleunmable liquid on May 11, 1988. 

2.6 ALVISO OIL COMPANY 

The Alviso Oil Conpany operates four tanks north of the intersection of 

State Street and Archer Street as part of its waste-oil recycling business. 

The four tanks at the facility contain the following: 

#1 7,500 gallons oil and water, 50% each 
#2 10,000 gallons oil 
#3 9,000 gallons oil and water, 50% each 
#4 20,000 gallons oil 

The tanks are surrounded by a concrete/earthen berm approximately 18-inches 

high. 

On September 13, 1985, Roy F. Weston Inc., as EPA's Technical Assistance 

Team (TAT) contractor, conducted a Spill Prevention Control and 

Countermeasure (SPCC) inspection of the facility. As a result of this 

inspection, EPA infonned Alviso Oil Conpany that it was in violation of 

SPCC Regulations for two reasons: (1) the facility SPCC Plan was not made 
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available to the inspector because it had been lost in the 1983 flood and 

(2) the concrete/earthen berm aroimd the tanks was worn down to 10 inches. 

The inspection team also noted evidence of oil spillage on the soil. 

EPA's reason for concern about the berms was that oil spilled within the 

berm might flow into a drainage ditch that is approximately 100 feet north. 

After entering the drainage ditch, the oil could travel into the adjacent 

wetlands. The damaged berm was considered a violation of 40 CFR Part 112, 

U.S. EPA regulations pertaining to the prevention of oil spills from 

reaching waters of the United States. 

The facility was reinspected by the TAT contractor during Fall 1986 and was 

found to be in conpliance. 

2.7 SUMMARY 

A large body of existing data was available at the start of the RI/FS 

regarding asbestos and non-asbestos site contamination. These data were 

assembled and examined to determine how much was known about the site 

contamination levels and v^at additional data were required in the Rl. In 

summary, the majority of the previous asbestos soil sanple results were 

considered usable in the RI euid were included in the risk assessment 

(Section 7.0). The soil data sets specifically used in the risk assessment 

are those collected by DHS (Section 2.2.2); EPA (Section 2.23); City of San 

Jose (Section 2.2.4) and the Field Investigation Team (Section 2.2.5). The 

Cal-OSHA soil sanples were not used, since the soils at the discovery site 

have been removed. The previous air sanples were not used in the risk 

assessment, with the exception of the DHS truck traffic simulation, since 

they were not collected over a long enough time period to allow long-term 

exposure estimates to be made. The DHS traffic simulation equipment, 

however, was used to estimate asbestos exposures to vehicular trraffic on 

unpaved areas. The following section describes the additional data 

collected during the RI investigation. 
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SECTION 3.0 

RI/FS SITE INVESTIGATION 



3.0 RI/FS SITE INVESTIGATION 

EPA conducted the RI/FS site investigation at t h e South Bay Asbestos Site 

from May to October 1987, and May 1988. The investigation consisted of 

sanpling air, surface soil, subsurface soil, groundwater, surface water, 

and river sediment. The fi.3ld sanpling programs have been described in 

detail in two field data reports: Field Report for the Soils and Water 

Sanpling and Analysis Tasks (Doc. No. 288-RIl-RT-FLJY) and Field Report for 

Air Sanpling and Analysis Tasks (Doc. No. 288-RIl-RT-F(2©). The following 

discussion is a summary of those documents. 

3.1 PHASE I SAMPLE COLLECTION 

3.1.1 AIR SAMPLING 

Previous investigations, as described in Section 2.0, yielded a great deal 

of data concerning asbestos concentrations in ambient air. However, the 

previous data base did not include an adequate number of sanples collected 

at the same stations over time to draw statistically meaningful conclusions 

about long-term risk. EPA's air sanpling program was designed to generate 

data that could be used to reach conclusions about long-term asbestos 

exposure in Alviso. 

EPA collected air quality sanples from a network of five monitoring 

stations during the period July 24 to October 31, 1987. Figure 3-1 shows 

the locations of the stations, which are different than previous air sanple 

locations discussed in Section 2.0. The locations of stations numbered 

2,3, and 4 are within the community of Alviso; tJiey were chosen to provide 

information about the population's exposure and about the contributions of 

nearby sources. Stations numbered 1 and 5 are upwind and downwind 

reference stations. Site 1, at the Environmental Education Center, is 

generally upwind during prevailing wind flows, which are northwesterly. 

Site 5, which is approximately two niiles southeast of Asbestos, is downwind 

of Alviso during prevailing wind conditions. During reverse wind 

conditions (southeasterly) Site 5 is upwind, and Site 1 is downwind. 
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Each of the five air sanpling stations consisted of two flow-controlled and 

strip-chart monitored asbestos sanplers, a high-volume sanpler, (hi-vol), 

and an inhalable-particulate sanpler (PM-10). The hi-vols and PM-lOs were 

equipped with flow recorders. The equipment at each station was controlled 

by an automatic timer to ensure t h a t each sanpler ran for the same time 

interval. Asbestos sanples were collected on 25mm mixed cellulose ester 

filters in preloaded conductive cowling filter cartridges. Particulate 

sanples were collected on pre-weighed glass-fiber filters. At Site 4, an 

additional hi-vol and PM-10 were installed for the collection of 

quality-control duplicate sanples. A 10-meter meteorological station was 

installed at Site 1 to provide information about weather conditions during 

sanpling events. All instruments were calibrated prior to use, and quality 

assurance audits were conducted during the sanpling period to ensure proper 

calibration. 

The sanpling events were of two types. Once every three days, 24-hour 

sanples were collected. The purpose of these was to provide information 

that could be used to analyze the health effects of asbestos exposure. 

Thirty 24-hour sanpling events were conducted. In addition to 24-hour 

sanpling events, 18 episodic sanpling events were conducted in order to 

document tJie sources of airborne asbestos. These sanpling intervals, vAiich 

were of 4 to 12 hour duration, were chosen to correspond to specific wind 

conditions. A total of 300 24-hour asbestos sanples and 160 episodic 

asbestos sanples were collected on 48 sanpling days; approximately 586 

particulate sanples were collected on 50 sanpling days. 

The timer at each station and t h e flow recorders attached to each sanpler 

provided information that allowed the calculation of total flow volume of 

air that passed through the filters. At all stations except Site 4, the 

two asbestos saitplers were set at different flow rates. For 24-hour 

sanples, rates of 2 liters per minute (lpn) and 3 lpn were used. Flow 

rates for episodic sanples varied in order to draw an anple volume of air 

tJirough t h e filter during short sanpling intervals. At Site 4, the two 

asbestos samplers were set at identical flow rates in order to collect 

duplicate sanples. The purpose of using different flowrates was to avoid 
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the problem of sanple overloading, v^ere excess particulate matter masks 

the asbestos fibers making direct analysis inpossible. Typically the lower 

flow rate sanple was submitted to the laboratory. 

All of the particulate sanples were submitted to the laboratory for 

analysis; however, due to analytical constraints, only a portion of the 

asbestos sanples were analyzed. Selection of asbestos filters for analysis 

from 24-hour sanpling days was based on the following criteria: First, 

only sanpling events yi i th data available from all sanplers and from the 

meteorologic station were considered. Next, a representative number of 

sanples was chosen from each of four predominant wind patterns. Asbestos 

filters were chosen from both weekday and weekend sanpling events. 

Finally, filters were chosen that corresponded to a variety of known 

particulate concentrations. For the episodic sanpling events, all asbestos 

filters were submitted for analysis. Appendix F includes a list of all 

sanples submitted for analysis. A total of 127 asbestos sanples and 

duplicates and 25 blank sanples were analyzed. An additional 33 asbestos 

samples were submitted >diich could not be analyzed due to particulate 

overloading. 

All of the asbestos filters not submitted for analysis are archived in the 

Region 9 REM II equipment repository. The archived sanples are listed in 

Appendix F. 

3.1.2 SURFACE SOIL SAMPLING 

CDM collected surface soil sanples from 40 locations throughout Alviso from 

June 1 to June 23, 1987. Sanple locations are shown on Figure 3-2. The 

purpose of this sanpling effort was to verify previous work and to collect 

data on the quantity of asbestos in the soil that is available to air 

transport. On September 30 and October 1, 1987, the same locations were 

sanpled again and analyzed for moisture content and grain size in order to 

characterize soil erodibility. The latter sanpling was correlated with 

meteorologic data collected by the weather station at air sanpling Site 1. 
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To collect the surface soil sanples, a 1-foot diameter steel ring was 

pressed into the soil. All of the soil to a depth of 1 inch was scooped 

out of t±ie steel tenplate and conposited before it was placed in sanple 

jars. At 18 of the locations, co-located sanples were collected by placing 

the steel tenplate directly adjacent to the first sampling spot. . At four 

locations, split-sanple duplicates were collected. In addition to all of 

these sanples, which were submitted to the laboratory for analysis, a 

split-sanple duplicate was taken at each location and archived for possible 

future analysis. The purpose of collecting and analyzing co-located 

sanples and split-sanple duplicates was to collect data regarding the 

source of variability in soil asbestos results. Sanple collection 

information for surface soil sanples is provided in Appendix G. A total of 

62 sanples including duplicates were collected. 

3.1.3 SUBSURFACE SOIL SAMPLING 

CDM collected subsurface soil sanples from fifteen locations in Alviso and 

from one background location. The locations in Alviso consisted of five 

groundwater-monitoring well borings installed by CDM, five groundwater-

monitoring wells installed by Emcon Associates along the perimeter of the 

Marshland Landfill, and five soil borings drilled by CDM. These locations 

are shown on Figure 3-3. 

The subsurface soil sanples collected from t h e groundwater-monitoring well 

borings were analyzed for asbestos and one sample from each well was 

analyzed for compounds on EPA's Target Compound List (TCL). The five wells 

installed by CDM were located in areas that have been used as landfills and 

that may have received asbestos wastes. Sanples from the five wells 

drilled by Emcon for tJieir client, Leslie Salt, vho is the owner of 

Marshland Landfill, were intended to provide information about hazardous 

conpounds and asbestos in the landfill. Depths of the wells ranged from 14 

to 36.5 feet. 
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The five soil borings were located in areas of fill witJiin Alviso. 

Subsurface soil sanples were collected to provide data on levels of 

asbestos contamination and on the depth of asbestos-contaminated fill. The 

sanples were analyzed for asbestos content only. The borings were each 

approximately 10 feet deep. 

All of the wells and soil borings in Alviso were drilled with a 

truck-mounted hollow-stem auger rig. Soil sanples were collected at 5-foot 

intervals from the surface to the water table with a split-spoon sanpler. 

For quality assurance purposes, duplicate sanples were collected for 

approximately 10 percent of the sanples. 

The backgroimd sanple location is approximately 2 miles soutJieast of Alviso 

at air quality Site 5. A subsurface soil sanple was collected from a depth 

of 2 feet with a hand-driven auger. It was analyzed for asbestos and for 

conpounds on the TCL. 

Appendix G includes a table of soil descriptions for the wells and borings. 

A table listing sanple collection information is also provided. A total of 

51 sanples were collected for asbestos analysis by PUI, 20 sanples for 

asbestos analysis by TEM, and 13 sanples for TCL analysis. 

3.1.4 GROUNDWATER SAMPLING 

After the groundwater-monitoring wells were installed and developed, CDM 

collected groimdwater sanples. The wells installed by CDM were sanpled 

twice: June 24 to 26, 1987 and October 7 to 8, 1987. The five EMCON wells 

at Marshland Landfill were sanpled only once, from November 16 to 18, 1987. 

The sanpling procedure involved purging the well of three casing volumes 

before collecting a sanple. Several wells produced very little water, and 

so were bailed to dryness then allowed to recover ovemight. Instruments 

used to purge the wells were a Fultz pump, a bladder punp, and a Teflon 

bailer. Most sanples were collected with a Teflon bailer, but three 

sanples were collected witJi a bladder punp. The tenperature, conductivity, 

pH, and salinity of each sanple was nieasured in a separate container. This 

information is tabulated in Appendix G. For quality control purposes, a 
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rinsate blank was prepared for each day of sanpling the CDM-installed 

wells. A field blank was submitted for each day of sanpling the 

Emcon-installed wells. Three sets of duplicate sanples were submitted for 

analysis. A total of 26 groundwater sanples were collected, including 

duplicates and blanks. 

Sanple collection information is tabulated in Appendix G. 

3.1.5 RIVER SEDIMENT AND SURFACE WATER SAMPLING 

Samples of Guadalupe River sediments were collected to detemiine if 

asbestos or contaminants on the EPA's Target Conpound List (TCL) have been 

transported from the site and deposited downstream, posing a potential 

threat to San Francisco Bay flora and fauna. Also, surface water as a 

potential human exposure pathway had not been investigated previously at 

the site. The Guadalupe River was channelized in 1963 by excavating the 

Santos Landfill. The course of the river and the sediment sanpling 

locations are shown on Figure 3-3. 

Sediment sanpling was performed on May 21, 1987. Sanples were collected 

from three locations downstream of Alviso and from one upstream location, 

as shown on Figure 3-3. The downstream sanples are conposite sanples; each 

consists of sediment from three locations collected over a cross section of 

t h e river channel. To collect the downstream sanples, field personnel 

lowered a ponar dredge over the side of a motor boat to the sediment/Water 

interface then snapped t h e dredge shut to trap river-bottom sediment within 

the dredge. The dredge was then raised to the boat, vdiere it was enptied 

into a large stainless steel mixing bowl. This procedure was followed at 

two additional locations across the river to obtain a conposite sanple over 

a cross section of the river channel. The material was conposited with a 

stainless steel mixing spoon before filling the sanple containers with the 

spoon. One member of the field crew paced off the distances between the 

sediment sanple locations along the bank of tJie river and indicated the 

locations to the field personnel in the motor boat on tJie river. The 

person onshore then marked the locations on a map and in the field log 

book. 
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The upstream sediment sanple was collected by lowering the ponar dredge 

twice over the center point of the north edge of the Highway 237 Bridge 

into sediment of the Guadalupe River. The material from the two dredges 

was then mixed together in a stainless steel mixing bowl with a stainless 

steel spoon before filling the sanple containers. 

Two sanples of the water of the Guadalupe River were collected to determine 

vrtiether contaminants are entering the river vdiere it passes through t h e 

Santos Landfill and are being transported into the Bay. These sanples were 

analyzed for asbestos and for conpounds on tJie EPA's TCL. The sanple 

locations, one upstream of t h e landfill and one downstream, are shown on 

Figure 3-3. 

Surface water sanples were collected by lowering a Teflon bailer on a clean 

rope over two bridges that cross the (Suadalupe River. The sanple locations 

are the midpoint of the north side of the Highway 237 Bridge and the 

midpoint of tJie east side of t h e Gold Street Bridge. Tenperature, 

electrical conductivity, salinity, and pH were measured for each surface 

water sanple in a separate container. These data are presented in J^pendix 

G. Sanple collection information is also provided in i^pendix G. 

3.2 PHASE II SAMPLE COLLECTION 

Phase II sanple collection and analysis was undertaken to better define the 

air exposure pathway, by directly measuring air during soil disturbance. 

In addition, a portion of the archived Phase I duplicate air sanples were 

analyzed, for the reasons described below. Additional soil sanples were 

also collected to better define a soil background. 

3.2.1 FURTHER AIR SAMPLE ANALYSIS 

Examination of the Phase I direct data revealed significant problems. 

Because of the high proportion of particulate matter in Alviso air, the 

sanpling flow rates had been reduced to minimal values to prevent 

"overloading" of particulates on the air filter. The asbestos laboratory 
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procedure of coimting a small area of the filter detected very few fibers 

because of the low air sanple volumes. The number of fibers detected was 

so small due to t h e insufficient air volume that statistically t h e sanple 

results could not be distinguished from blanks in 10% of the sanples (see 

Data Quality discussion Section 5.3.1). Because of this limitation, nearly 

all results were considered as estimates only. A number of asbestos 

researchers, including Dr. William Nicholson of Mt. Sinai Hospital, Dr. 

Steven Hayward or DHS, Phil Cook of EPA, and Steve Bayard of EPA 

headquarters, examined the Phase I data during a Region IX Asbestos 

Workshop discussion and considered it unreliable for making site remedial 

decisions. For these reasons, it was determined to submit a subset of the 

duplicate air filters to a second laboratory for analysis to inprove the 

quality of the data by counting a larger area of the filter. 

Because the air sanples had been collected in pairs, with one of the pair 

submitted for Phase I analysis, a nearly conplete archive of sanple 

duplicates existed from >rtiich to select a subset for Phase II analysis. 

Twenty-five of the sanple duplicates were selected based on anticipated 

concentration, known meteorological conditions during sanpling, and station 

location so that a similar number of sanples from each station would be 

available witJi a range of concentrations. To avoid the analytical and data 

quality problems described above, EPA determined that an alternate 

analytical technique was required for the 25 sanple duplicates. First, 

many of t h e sanples from Phase I were reported overloaded by t h e 

laboratory, that is, particulates obscured the asbestos fibers so that 

fiber counting was inpossible. At the Region IX Asbestos Workshop 

discussions in January, 1988, the general consensus of participants was 

tJiat the indirect preparation method of analysis proposed by Yamate 

(Appendix 8) was acceptable. In this method, particulate loading of the 

filter does not prevent analysis, since the field filter is ashed, and the 

residue suspended in water, then refiltered. EPA Region IX developed a 

preliminary indirect met±od for analysis of the 25 duplicates. Although it 

was recognized that indirect data from the duplicate analysis would be 

difficult to conpare to the Phase I direct data, t h e practical 

considerations of t h e sanple quality made the indirect method the only 

analytical option. 
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Sanples were analyzed by EMS Laboratories in Pasadena, California. 

3.2.2 EXPOSURE ASSESSMENT EXPERIMENTS 

Additional field sanpling was undertaken at the site to define the 

potential asbestos exposure to individuals during soil disturbance. Two 

experiments were located in Alviso, at locations v*iere Phase I surface soil 

sanples had detected asbestos. However, analytical results from tJiese 

experiments were declared rejected by data validation staff. These results 

were not used in the RI. 

3.2.3 ADDITIONAL BACKGROUND SOIL SAMPLES 

On Friday, May 13, additional background soil sanples were collected at the 

downwind air station (Site 5) near Agnews Hospital East. These were 

collected to confirm the presence of asbestos at this location. An 

additional sanple was collected from the marsh area south of the 

Environmental Education Center to determine an off-site background soil 

asbestos level imaffected by filling. 

3.3 ANALYTICAL METHODS 

Air-Asbestos 

Asbestos work place environments contain relatively high levels of large 

asbestos fibers, v^ich can be detected by PCM, or Phase Contrast 

Microscopy. PCM is, tJierefore the analytical technique most commonly used 

in asbestos health studies. In this study, asbestos is present at much 

lower concentrations than in an asbestos factory or mill, so PCM was not 

appropriate. Transmission Electron Microscopy (TEM) can detect asbestos 

at much concentrations than PCM, therefore, TEM was used, with the 

intention that a factor would be applied to convert TEM data to equivalent 

PCM health risk data to determine human exposure. 
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The Phase I air sanples were analyzed using direct preparation TEM, NIOSH 

method 7402 (issued 5/15/86) (J^pendix B). Ten of the Phase I sanples were 

also analyzed using PCM to assist in developing the appropriate conversion 

from TEM to PCM health risk data. The PCM metJiod used was NIOSH method 

7400 (Revision 1, 5/15/85) (Appendix 8). Gravimetric analysis method used 

for the particulate sanples is contained in the Quality Assurance Handbook 

for Air Pollution Measurement Systems (EPA-600/4-77-027A). Phase II air 

sanple duplicates were analyzed by TEM, using indirect preparation and ho th 

high and low magnification scans (Yamate et al., 1984, adding Hayward's low 

magnification method, Appendix 8). 

The following is a brief explanation of t h e criteria used to identify 

asbestos using TEM for t h i s study (from Yamate et al., 1984). At 

approximtely 20,000 times magnification, a fiber was identified as an 

asbestiform particle with an aspect ratio of 3 to 1 or greater (lengtJi at 

least 3 times greater than widtJi) with parallel sides. A bundle was 

defined as several fibers in parallel arrangement, with fibers closer than 

the diameter of one fiber. A cluster is a random intermixed arrangement of 

many fibers. A matrix particle is a fiber or filjers with one end free, 

and the other end imbedded in or hidden by a particulate. Total asbestos 

structures is t h e sum of all the entities described above; total fibers is 

the number of single fibers. During analysis of Phase I air data, any 

structure shorter than 1 micron in length was not counted, and structures 

greater than 100 microns in length with a width greater than 3 microns were 

not included. Fibers or structures longer than 5 microns, wider than 0.25 

microns, and with an aspect ratio greater than 3 were considered equivalent 

to PCM method structures and were called "PCM equivalents." 

For Phase II, using the indirect preparation method, the counting 

procedures were modified slightly. In addition to the high magnification 

(20,000 times) scan, a low magnification scan at approximately 1,000 times 

was done as recommended by Steve Hayward (^pendix 8) to detect PCM 

equivalent structures, or PCMes. This technique simulated the low 

resolution PCM method by identifying large asbestos structures at low 

magnification. The Region IX definition of PCMe structures using this 

method is considered equivalent to PCM fibers identified using the actual 
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PCM method. Data analysis in Section 5.0 was done for both high 

magnification total structures and PCMe structures; the risk assessment 

(Section 7.0) is based on PCMe structures. 

Soil And Sediment - Asbestos 

Asbestos analyses for soil and sediment included Polarizing Light 

Microscopy (PLM) and Transmission Electron Microscopy. Surface soils were 

also analyzed for particle size and moisture content. 

The method for PLM was Interim Method for Determination of Asbestos in Bulk 

Insulation Sanples (EPA-600/4-82-020) (i^pendix 8). The soil sanple 

preparation for TEM is specified by Hayward and Lowe (no date) (i^pendix 

8)in t h e i t procedure called Methodology for the Analysis of Asbestos in 

Soil by Transmission Electron Microscopy. For TEM analysis, the soil is 

ground in a mortar, then suspended in water. The water is then filtered, 

and the filter analyzed by TEM like an air filter. Particle size was 

determined using a standard sieve analysis according to ASTM-C136. 

Water - Asbestos 

Water sanples were analyzed for asbestos using TEM, using the Interim 

Method for Determining Asbestos in Water (EPA-600/4-80-005) (;̂ pendix B). 

Asbestos data is reported as millions of fibers per liter. 

Target Conpound List (TCL) Substances 

Analyses for TCL substances were performed by EPA's Contract Laboratory 

Program as part of Routine Analytical Services (RAS). Analytical methods 

and quantification limits are contract specified. The following analyses 

were requested: 

Volatiles 
Semivolatiles 
Pesticides/PCBs 
Metals and cyanide 
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4.0 PHYSICAL CHARACTERISTICS OF THE SITE 

4.1 INTRODUCTION 

To understand the media influencing contaminant transport at the South Bay 

Asbestos site, the following summary of the physical characteristics of the 

site has been developed. An imderstanding of these characteristics will 

aid in evaluating potential remedial alternatives and in assessing risk to 

the public and to the environment. The primary media of asbestos transport 

is air, so the meteorologic characteristics of the site are critical to an 

understanding of contaminant transport. Meteorologic data were collected 

using an on-site weather station from August 1987 to October 1987. Site 

specific data collected during this time period plus regional data are 

presented in Section 4.2. 

Airborne asbestos contamination may result from entrainment of fibers in 

surface soils into the air. Therefore, surface soils were studied to learn 

their grain size conposition and moisture content. In addition, subsurface 

soils were described in order to imderstand the distribution of fill 

material, v^ich may be contaminated. Section 4.3 presents the soil data 

collected. 

The groundwater and surface water hydrologic systems were also 

investigated. Both groundwater and surface water may serve to transport 

contaminants within and away from the site. Because the site is on the 

edge of the San Francisco Bay, site hydrology is closely related to the Bay 

system. Section 4.4 describes site hydrology. In Section 4.5, the ecology 

of this imique Baylands site is discussed. 

Finally, land use and demography are presented in Section 4.6 to aid in the 

assessment of risk to local populations and assist in the selection of 

remedial actions. 
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4.2 METEOROLOGY 

Site-specific meteorological data was gathered from July 24 through October 

31, 1987, at air monitoring site 1, located at the Environmental Education 

Center approximately 1 mile northeast of Alviso (Figure 3-1). The 

following parameters were recorded continuously during the field program: 

1) Wind speed 
2) Wind direction 
3) Tenperature 
4) Precipitation 
5) Sigma theta—the standard deviation of the horizontal wind 

direction 

Data were recorded on analog strip charts. All wind and temperature data 

were sanpled at 10 meters above ground level. The top of the precipitation 

gauge was approximately one meter above ground level. 

Wind direction and wind speed information for the period are summarized in 

tables eind figures provided in Appendix H. Total frequencies of occurrence 

for wind speed and direction are also provided in tabular form and 

graphical form in Appendix H. 

The predominant wind direction during the sanpling period was from the 

northwest (63.1% of the time) with secondary frequency maxima from the 

north-northeast (13.5%) and south-southeast (13.2%). Average wind speed 

was 3.3 meters per second (nps), or 7.4 nph. During the sanpling period, 

12% of observed wind speeds were above the threshold typically necessary 

for resuspension of surface soil particles (approximately 13 nph. Woodruff 

and Siddoway, 1965). A niaximum hourly wind speed average of 9 mps (20 mph) 

was recorded several times during the monitoring period. On occasion, the 

average hourly wind speed was below the instrument threshold of 0.33 mps 

(0.74 nph). 

Wind speed frequency distributions and wind direction by Pasquill-Gifford 

stability class are provided in tabular form in Appendix H. Atmospheric 

stability is a measure of the atmosphere's ability to disperse pollutants, 

and includes factors such as turbulence and vertical and horizontal mixing 
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of air. ,?̂ )pendix H also provides frequency distributions in graphical form 

for stability classes "A" (highly unstable, high mixing) through "F" 

(strongly stable, stratified). Stability classes were determined from 

measurements of the standard deviation of the horizontal wind direction 

(sigma theta), time of day, and wind speed. Frequencies of occurrence for 

classes "A" through "F" were 6.0, 2.0, 4.8, 37.7, 42.2 and 7.3 percent, 

respectively. 

Daily frequency distributions of wind speed and direction for 4-hour 

periods during the sanpling program are listed in the tables and figures 

provided in /^pendix H. The strongest average wind speeds of 5.2 mps (11.6 

mph) occurred during the period 1200 Pacific Standard Time (PST) to 2000 

PST. This period showed a strong wind direction frequency niaximum from the 

northwest (in excess of 96%). The late morning (0800--1200 PST) and 

nighttime (2000-2400 PST) periods also exhibited a strong northwesterly 

wind direction frequency maximum, although the average wind speeds were 

moderate at 2.5 and 2.8 meters per second, respectively. During the late 

night and early morning hours (0000-0800), wind speeds were light, 

averaging 1.9 meters per second (4.2 miles per hour). During the period 

0000-0400 PST, winds were still predominately from the north-northwest (in 

excess of 44%) but a secondary wind direction frequency meixiraum from the 

southeast was also indicated (in excess of 23%). During the early morning 

hours (0400-0800 PST), the predominant wind direction became 

south-southeast (36.8%) with a secondary wind direction frequency maximum 

from the north-northwest (30.2%). 

The average tenperature for the sanpling period was 17.5°C (63.4°F). The 

highest hourly average was 31°C (88°F), recorded during hour 14 (1300-1400 

PST) on October 5. The minimum hourly average tenperature of 11°C (52°F) 

occurred during hours 6 and 7 (0500-0700 PST) on October 19. 

No precipitation was recorded from July 24 through October 22, 1987. 

Precipitation occurred on three days during the period October 23 through 

28, with the highest daily total of 0.59 inches on October 27. The highest 

hourly amount of 0.20 inches was recorded during hour 20 (1900-2000 PST) on 

October 27. 
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Observed wind patterns from the on-site data were conpared with large-scale 

weather (synoptic) events for the entire sanpling period. Daily Weather 

Maps (U.S. Dept. of Commerce, National Weather Service) were reviewed to 

determine major weather events. Frontal passage through the area during 

this time occurred infrequently; however, a cold front passed just to the 

north on September 15 and again on September 26. According to National 

Weather Service observations at San Francisco, the wind direction was 

mainly from the northwest on both occasions. Data collected at the on-site 

meteorological station also indicated a predominantly northwest wind, 

particularly during daytime hours. 

On several occasions, low pressure centers off the California coast at 

500 millibars (mb) or surface lows in the Central Valley of California and 

over t h e Great Basin triggered widespread cloud cover and scattered 

precipitation throughout the San Francisco Bay region. Although Daily 

Weather Maps showed precipitation occurrences on October 23 and 24 as well 

as October 27 through 29, actual rainfall was only recorded on site on 

October 23, 27, and 28. For this sanpling period, observed wind patterns 

and precipitation occurrences were generally consistent with National 

Weather Service observations. 

Conparisons of the short-term, on-site meteorological data set were also 

made with climatological data records from the Moffett Field Naval Air 

Station (Moffett NAS) and the San Jose International Airport (SJ Airport). 

Climatological records compiled by the California Air Resources Board 

(CARB) listed the predominant annual wind directions for Moffett NAS and SJ 

Airport as north-northwest (36.2%) and northwest (35.9%). The secondary 

annual wind directions indicated by CARB for Moffett NAS and SJ Airport are 

listed as south-southeast (13.4%) and southeast (19.4%). Winds with a 

southeasterly conponent occurred most frequently during the winter quarter 

at Moffett NAS and SJ Airport. The predominant climatological wind 

direction for the summer and fall quarters was the same as the annual at 

Moffett NAS (north-northwest) and SJ Airport (northwest) but occurred at a 

higher frequency (51.6%, summer and 53.8%, fall). Secondary predominant 

wind directions for Moffett NAS for the summer and fall quarters were west 
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(9.2%) and south-southeast (13.0%). At the SJ Airport, the secondary 

predominant wind directions were north-northeast (9.8%) for the summer 

quarter and southeast (20.5%) for the winter quarter. 

Average annual wind speeds at Moffett NAS and SJ -Airport compiled by CARB 

were 5.1 nph and 7.2 nph, respectively. Average climatological summer and 

fall wind speeds at Moffett NAS and SJ Airport were 5.5 nph and 7.0 mph, 

respectively. The highest average quarterly wind speeds at Moffett NAS 

occurred during the summer quarter, vhile at the SJ Airport, the highest 

speeds occurred during the spring quarter. 

Based on conparisons with National Weather Service observations and 

climatological data from Moffett NAS and SJ Airport, the on-site 

meteorological data collected from July 24 through October 31, 1987 appear 

representative for the Alviso area. The northwesterly wind direction 

pattern reflects the sea breeze and topographic effects v^ich strongly 

influence winds on a day-to-day basis in the South Bay area. A weak 

southeasterly return flow occurs in the late night and early morning hours 

as a result of land breeze and topographic effects. Wind speed, wind 

direction, and precipitation data collected on-site appear to be typical of .-

t h e region for this season and location. 

4.3 SOILS 

On September 30 and October 1, 1987, CDM collected 34 surface soil samples 

for grain size and moisture content analyses. Analytical results are 

presented in Appendix I and sanple locations are provided in Figure 3-2. 

Of the 34 sanples analyzed, 31 are conposed of sand and gravel (grain size 

> 300 um) with minor fine sand (grain size from 75 to 300 um). Of these 31 

sanples, six are conposed of more than 90 percent sand and gravel. Three 

of the 34 surface soil sanples are conposed of fine sand. These three 

sanples were collected from the Environmental Education Center and the 

Marina. 

Moisture content in the 34 sanples ranges from 0.6 to 14.8%. Eighty 

percent of the sanples contained less than 5% moisture; this reflects the 
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dry conditions typical of the site during early fall. The two highest 

moisture content values were for the two samples collected in the early 

morning from the Environmental Education Center levee. These values 

probably reflect the more moist conditions in the marsh area. 

CDM collected subsurface soil sanples from 10 soil borings within the 

community of Alviso euid five groundwater monitoring well borings on the 

perimeter of the Marshland Landfill. Locations of all the wells and 

borings are shown on Figure 3-3. Descriptions of the soil sanples are 

provided in Appendix G. 

Within the community of Alviso, subsurface sediments consist of clay and 

silty clay, varying in color between dark brown, green, greenish black, 

black, and gray, typical of the fine-grained materials deposited in the Bay 

estuarine environment ("Bay Mud"). North of the Guadalupe River, the clay 

is overlain by fill material with a silty clay matrix. The thickness of 

fill ranged from 1 to 9 feet. The two wells drilled on the south side of 

the river are located on a levee contructed from material dredged from the 

Guadalupe River. Sediment in these well borings consists of silty clay and 

clay; no imported fill was observed. 

In contrast to the wells and borings within the community of Alviso, the 

wells drilled on the perimeter of the Marshland Landfill encoimtered mainly 

fill niaterial and little native clay. Fill material included concrete, 

wood, asphalt, metal, bricks, styrofoam, glass, and other types of refuse. 

4.4 HYDR0LCX3Y 

The site is located adjacent to the Guadalupe River, which along with 

Coyote Creek, Los Gatos Creek, and Llagas Creek, forms a major drainage 

basin within the Santa Clara Valley. The Guadalupe River and Coyote Creek 

flow into San Francisco Bay immediately north of the site (Figure 4-1). 

Tidal effects near the Bay make the Guadalupe River water brackish and 

unsuitable for beneficial use except for non-contact recreation. 
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Intensive irrigation-based agricultural development began about 1900 in the 

Santa Clara Valley. This activity reached a peak around 1950 with the 

consumption of over 100,000 acre ft of groundwater per year. A water-level 

index well in the valley near San Jose showed a 220-foot drop in head 

between 1916 and 1966. As a result of this severe overdraft, land 

subsidence has occurred throughout much of the valley. Between 1934 and 

1967, as much as eight feet of land subsidence was measured in parts of the 

San Jose area (Iwamura, 1980). In the years since 1966, the addition of 

inported water supplies and the inplementation of recharge ponds has 

reversed this trend. Although water levels have risen, they no longer 

exhibit the artesian conditions v^ich existed once in much of the Santa 

Clara Valley. Like surface water, groimdwater near the Bay is unsuitable 

for use due to overpunpage and the intrusion of saline water. 

Surface Water 

The Guadalupe River enters San Francisco Bay just north of the South Bay 

Asbestos Site. The area surrounding the site is characterized by broad, 

flat marshes, salt evaporation ponds and some urban development. Miles of 

levees and dikes surround the salt evaporation ponds. The low topography 

and proximity of the site to the Bay make the area very susceptible to 

flooding. Flooding can occur from three sources: 1) Guadalupe River may 

overtop its levees, 2) Coyote Creek may escape its cheunnel and flow toward 

Alviso, and 3) tide waters may overtop the levees aroimd Alviso and become 

trapped in the community (City of San Jose, 1984). Tidal effects may also 

exacerbate the effects of high river flows. Channelizing of the Guadalupe 

River has reduced the flood risks associated with rain storms and runoff, 

but prevents natural drainage of site flood waters. It is estimated that 

during a 100-year flood, the community of Alviso would be inundated by 

seven to eight feet of water (U.S. Army Corps of Engineers, 1975), as 

observed during the flood of 1983. 

Surface water quality at the site is affected by several factors. Rainfall 

in this area is seasonal, with 90 percent occurring in the late fall and 

winter months. Surface water quality during the wet season tends to be 

higher than during dry periods. Water quality in the Guadalupe River Basin 
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is typically at its lowest during late summer. In addition, tidal 

influence causes increased salinity in the river near the Bay, particularly 

during the dryer months v^en flows are less diluted by fresh water. 

Surface water sanples collected for the RI contained high concentrations of 

dissolved constituents such as calcium, magnesium, and sodium; this 

reflects the marine influence on the river. 

Groundwater and Hydrogeology 

Aquifers of the Santa Clara Valley are conposed of unconsolidated to 

semi-consolidated alluvial materials derived from the surrounding mountain 

ranges. Tidal and marine deposits are interbedded with these alluvial 

materials, becoming thicker in areas near San Francisco Bay. Confined and 

unconfined groimdwater aquifers occur in the Santa Clara Valley. The 

maximum depth to bedrock in the valley is approximately 1,500 feet, with 

little usable water occurring below 800 feet. Depths to groimdwater in the 

Santa Clara Valley range from less than 5 feet near the Bay to over 200 

feet near some inland punping centers. In general, groundwater flows from 

the elevated perimeters of the Valley toward the interior and the Bay. 

Large punping depressions also influence the direction of groundwater flow. 

Vertical flow in the valley is predominantly downward, especially in areas 

v^ere deep punping occurs. 

In the vicinity of the South Bay Asbestos site, the native sediments are 

predominantly fine-grained clays, silts, and sandy clays. These beds of 

fine-grained material are cut by ancient stream channels at varying depths 

below the surface. Buried stream channels are conposed of coarser grained 

materials v^ich constitute the local aquifers. Buried stream channels such 

as these are not continuous layers in the subsurface, but rather sinuous 

strands of porous niaterial. These aquifers can range from a few inches to 

tens of feet in thickness. As discussed in Section 4.3, wells and borings 

drilled for the RI encountered only clay and silty clay in the upper 20 to 

30 feet below the site. 

The field investigation revealed that the groundwater table occurs between 

5 and 10 feet below ground level in Alviso. As is discussed in Section 
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4.3, the wells and borings encoimtered mainly clay and silty clay in the 

subsurface. Several minor clay zones did contain sand grains. The low 

permeability of the sediments explains the very low flow rates during well 

sanpling (Section 3.1.4). Several of the wells were punped dry during 

sanpling events. 

Groundwater flow direction at the site is unclear due to the flatness of 

the topography, the river, salt evaporation ponds, and water mounding at 

the Marshland Landfill. A stucJy performed by EMCON Associates showed that 

daily tides have little or no effect on groundwater levels in the Marshland 

landfill wells. (EMCON, personal communication). 

Evacuation of groimdwater from t h e Seuita Clara Valley has resulted in 

increased salt water encroachment in areas near the Bay. Groimdwater in 

the Alviso area is brackish and too saline for drinking or irrigation. 

This is reflected in the high concentrations of constituents such as 

calcium, sodium, magnesium, and potassium that were formed in groundwater 

sanples collected during the RI (^pendix I). High electrical 

conductivities reflect the high salinities of these groimdwater sanples. 

4.5 ECOLOGY 

Introduction 

Marshlands on the perimeter of San Francisco Bay collectively constitute 

the largest estuarine environment on the Pacific Coast. Once occupying 

over 300 square miles these Bay marshlands now cover approximately 75 

square miles (BCDC, 1979). The South Bay Asbestos site and the community 

of Alviso lie in an area which was once dominated by salt marsh terrain. 

Much of the original marshland environment is now occupied by urban and 

industrial developments, including surroimding salt evaporation ponds, 

agricultural development, landfills, industry, and housing. However, 

undisturbed wetlands still exist near the site, some of which are part of 

the San Francisco Bay National Wildlife Refuge. The marsh environment or 

Baylands ecosystem is that habitat from sea level up to 10 feet above sea 

level, and can be characterized by three distinct zones: wetland, 

transition, and upland (Aqua-Terra, 1986). 
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The various habitats of the South Bay marshes support a diverse population 

of wildlife. At different times of the year, 200 species of birds and 40 

species of mammals are found in South Bay marshes (Harvey, et al., 1977). 

Several endangered or rare bird species and endangered mammals are part of 

this diverse fauna. Also found in this population are many species of 

migratory shorebirds and wintering waterfowl. The wetlands and salt 

marshes of the South Bay support plants and algae v^ich are essential to 

wildlife in and around the Bay. Construction of salt evaporation ponds and 

dredge spoil piles have caused alteration of native vegetation habitats. 

Plant Communities 

The wetland zone of the marsh environment is inhabited by a few plants 

v^ich have adapted to the high salinities typical of this zone. These 

plants provide the habitat and breeding groimds for a wide variety of 

birds, most notably migratory shore birds and waterfowl. Vegetation 

diversifies as one moves inleuid and the water becomes less saline. The 

transition and upland zones of the marsh supports a wide variety of plants 

including agricultural crops. 

In the wetland zone, dominant species include California cord grass and 

pickleweed (Salicornia). A variety of algae inhabit the saline tidal flats 

v^ich are exposed at low tide in this area. These algae play an important 

role in the production of oxygen in tidal waters. Marsh plants in the 

outer portions of the marsh provide shelter and food for a diverse 

community of birds and insects. 

Farther inland, v^ere available water is less saline, the transition zone 

includes plants such as alkali heath, fat hen, salt grass, and rabbits-foot 

grass. In the upland zone, common on dikes and levees, gum plants, coyote 

bushes, and sweet fennel are found. In general, the plant community 

diversifies as fresher water becomes available. 

The various plant communities in the Alviso area provide shelter and 

nesting grounds for many animals, especially birds. In addition, marsh 
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plants support large quantities of insects and marine invertebrates, v^ich 

are primary food sources, especially for birds. Freshwater and marine fish 

are also supported directly and indirectly by plants of the marsh 

environment. 

Animal Communities 

Intense urban development has taken place in the South Bay in the last 50 

years. However, a fairly diverse community of euiimals survives in the 

marshes and salt ponds aroimd Alviso. This community includes mammals, 

migratory birds, shore birds, song birds, game birds, reptiles, and 

amphibians, as well as freshwater and marine invertebrates. 

Mammals found in the marsh and salt pond habitats around Alviso include 

shrews, mice, raccoons, rabbits, and weasels. Included in this group is 

the endangered Salt Marsh Harvest Mouse (Reithrodontonys raviventris). In 

areas along the Guadalupe River, muskrats and raccoons are common mammals 

which feed on fish and invertebrates in the river. Along levees, dikes, 

and upland areas, jack rabbits, groimd squirrels, and weasels are common, 

along with mice and rats. 

Assorted reptiles, anphibians, and invertebrates inhabit the marshlands 

aroimd Alviso. Reptiles and anphibians present in the site area include 

turtles, lizards, snakes, newts, salamanders, toads, and frogs. A wide 

variety of clams, shrinp, and other invertebrates also occupy various 

niches in the waters of the South Bay. 

Rivers and streams in the site area once contained a variety of fresh water 

fish. Only a few non-game fish now remain. The elimination of many 

species is attributed to poor water quality and low summer stream flows. 

Most South Bay streams and rivers experienced runs of anadromous steelhead 

trout prior to the 1950's. However, pollution probably eliminated most 

steelhead and other anadromous species from this part of the Bay. In 

addition, channelization and the erection of barriers has made it 

inpossible for some species of fish to breed. Eighteen or more species of 

fish exist in the wetland zone area of the South Bay. Shiner perch, top 

smelt, and staghorn culpin are the predominant marine species. 
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Birds constitute the largest and most diverse wildlife community in the 

South Bay estuary. Some 200 species of birds inhabit this area at various 

times of the year. The most noticeable group of birds are the large 

migratory shorebirds. Shorebirds such as herons and egrets occupy the Bay 

area marshlands year round. Other birds, including ducks, terns, gulls, 

rails, and blackbirds are common in the Alviso area. Endangered or rare 

species found near Alviso include the California clapper rail, California 

brown pelican, California least tern, the peregrine falcon, and the 

burrowing owl. The golden eagle has also been sighted using the marsh 

during winter months (Aqua-Terra, 1986). 

4.6 LAND USE AND DEMOGRAPHY 

Historically, Santa Clara Valley has been a major agricultural region. 

Due to the expansive growth of the semiconductor and computer industry, 

agricultural land is rapidly being replaced by urban development. Farm 

land in the valley is dotted with large and sniall light-industrial office 

complexes, which support the high-tech industry. Residential construction 

and service businesses are also rapidly expanding on former agricultural 

land. 

The 550 acres which make up the Alviso community is zoned for a mixture of 

land uses. Alviso has land zoned for agriculture, light and heavy 

industry, multiple dwellings, and mobile-home parks. Manufacturing/in

dustrial entities in Alviso include metal foundries and truckyards. Retail 

businesses in Alviso include a nuniber of small markets and restaurants. 

Government and educational organizations in Alviso include a local post 

office, public library, and two grammar schools. 

Alviso is located near several major transportation routes. Highway 237, 

less than a mile south of the site, runs southeast to northwest and 

connects U.S. Interstate Highways 101 and 880. US 101 is located to the 

west of Alviso and runs north and south along the western edge of the San 

Francisco Bay; US 880 runs north and south along the eastern edge of the 

San Francisco Bay. 
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The demographic conposition of the site is summarized in Table 4.1 (taken 

from Aqua-Terra, 1986). In 1980, there were 528 households occupying 481 

residences within Alviso. Approximately 54 percent of the homes in Alviso 

are owner-occupied. Of occupied housing units in 1980, 137 were built 

after 1969 v^en Alviso was incorporated into the City of San Jose, 

increasing the existing nuniber of housing units in Alviso by nearly 50 

percent. The population in Alviso appears to be quite mobile (Table 4.1). 

Only 40 percent of the site area residents were in the same house in 1980. 
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SECTION 5.0 

NATURE AND EXTENT OF CONTAMINATION 



5.0 NATURE AND EXTENT OF CCSSITAMINATION 

The purpose of this section is to present and discuss a summary of the 

results of the RI sanple collection and analysis, to determine the 

magnitude and extent of contamination in air, soil and water. As described 

in Section 3.0, air, surface soil, subsurface soil, groundwater, surface 

water, and sediment sanples were collected to investigate the extent of 

both asbestos and other hazardous contaminants. This section describes the 

distribution and magnitude of contamination in each of the various sanpled 

media. The data results are tabulated in Appendix I. The conplete data 

analysis is presented in Appendix J; t h i s section is a summary of the 

information presented tJiere. 

All data collected during this investigation were subjected to extensive 

Quality Assurance (QA) and Quality Control (QC) procedures. These 

procedures and the data quality results are presented in Appendix J. 

Sanple data for each individual medium are presented, with a discussion of 

the magnitude and extent of contamination and important relationships which 

may influence contaminant transport. This infonnation will be used in 

Section 6.0 to determine the exposure pathways of concem. 

5.1 SOIL INVESTIGATION RESULTS 

The discussion of soil results will be presented as follows. First, the 

surface soil asbestos results will be presented and discussed. The 

subsurface soil results will follow, for both asbestos and target conpound 

list (TCL) conpounds. Finally, the Guadalupe River sediment results wili 

be presented for asbestos and TCL Conpounds. In general, the soils data 

can be summarized by stating that asbestos fibers in surface soils is the 

contaminant of concern; hazardous constitutents (TCIJ) were not detected at 

significant levels in soils. The distribution of asbestos in surface soils 

does not follow any predictable pattern. In general, the RI soil results 

confirm the previous soil data in a gross sense; for example, the generally 

high concentrations in the ring levee soils were repeated. The results are 

discussed in more detail in each following section. 
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5.1.1 DATA QUALITY - SOIL 

As presented in detail in Appendix J, precision and accuracy were evaluated 

for soil asbestos sanples. A similar analysis was not performed for 

organic and inorganic TCL compounds, since these conpounds were not 

detected frequ'-ntly enough to allow a detailed error analysis. The 

duplicate analysis results are presented in Table 5.1. Standard results 

are presented in Table 5.2. 

Table 5.1 indicates no clear difference in %RSD for any of tJie types of 

duplicates. This observation indicates tJiat the laboratory variability of 

the TEM method (due to preparation, fiber coimting, or other sources of 

error) dominates over other sources of variability. PLM duplicate results 

indicate that lab variability is less than for the TEM results. Thus the 

precision of the PLM analyses is greater than the precision of the TEM 

analyses. The standards results presented in Table 5.2 are inconclusive, 

so no general statements conceming accuracy or systematic errors can be 

made. 

As a result of the poor perfonnance of the laboratory on duplicate and 

standard sanples, the Phase I TEM and PLM results should be considered as 

qualitative indicators of asbestos concentrations. Thus the data can be 

used to point out areas of high or low asbestos concentrations; however, 

the exact numerical concentration at any location is uncertain. The errors 

observed are such that a sanple with a reported concentration of 0.5% could 

actually contain as low as 0.1% or as high as 2.0% asbestos. However, the 

actual concentration of this sanple is very unlikely to be as large as 

5.0%. This uncertainty must be considered v^en using the asbestos soil 

concentration data. The additional background sanples collected in 

Phase II could not be evaluated because of the small number of sanples. 

The data quality for the TCL analyses can be summarized as follows. 

Semivolatile organic soil analyses were cited for poor precision, blank 

contamination, and poor spike recovery. Volatile organic analyses were 

cited for blank contamination and poor spike recovery. Inorganic sanples 

were cited for exceeding mercury holding times, poor lead precision and 
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poor spike recoveries for mercury and antimony. The impact of these data 

validation citations on data quality are that all reported semivolatile 

concentrations should be considered as qualitatively but not quantitatively 

correct. Nearly all volatile organic concentrations are considered as 

estimates due to blank contamination. Metals concentrations are considered 

valid for all purposes except for lead, mercury, antimony, and zinc 

concentrations, which are qualitatively but not quantitatively identified. 

5.1.2 SURFACE SOIL RESULTS 

As described in Section 3.0, 62 sanples of surface soil were collected at 

40 locations in Alviso. The sanples were collected from open areas witJi a 

high likelihood for human contact, from areas not sanpled previously, or 

from previously indicated "hot spots" to confirm existing data. Figures 

5-1 and 5-2 show the sanpled locations and the results. All samples were 

analyzed by polarized light microscopy (PLM), About half of the sanples 

were also analyzed by the more rigorous transmission electron microscopy 

method (TEM). Each sanple location was also tested for soil grain size and 

moisture content. Sample results are included in tabular form in i^pendix 

I. 

The results for PLM and TEM have been summarized in Tables 5.3 and 5.4. 

Extent of Asbestos Contamination in Surface Soil 

The results indicate that asbestos is present in soils at or near known 

sources of serpentine rock, such as the ring levee and the small dike 

surrounding the Alviso Marina picnic area. High values near the 

intersection of Liberty and Catherine Streets probably indicate areas where 

levee building material was stockpiled during construction. When previous 

soil sanpling data (Figures 2-1, 2-2, 2-3) are examined in conjunction with 

the RI data, the original discovery site \ ihete waste asbestos-cement pipe 

was dunped (at Liberty and Moffat Streets near the Guadalupe River levee) 

is also generally elevated in asbestos. The asbestos values in the 

remainder of the site, including most of the residential areas, are 

generally low or not detected. 
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There are no detectable differences between serpentine rock and waste 

asbestos sources, based on asbestos type, fiber size, or morphology. 

However, it should be noted t h a t the specific concentration of asbestos can 

vary widely at any particular location, as shown by the co-located 

duplicate results (for example, PLM sanples 037 and 038, TEM sanples 040 

and 041). This variability may be due to a combination of the natural 

variation of serpentine or waste asbestos in the fill soils in Alviso, and 

t h e variability of t h e asbestos soil analytical techniques. The data 

quality analysis (discussed in Section 5.1) appears to indicate that 

PLM results are less variable t:han TEM results. 

Conparison of PLM and TEM Results 

As described in Section 3.0, sanples were analyzed by both the PLM and TEM 

methods to test the usefulness of both types of analysis for natural soils. 

The objective of performing both analyses was to investigate vhether a 

site-specific relationship between TEM and PLM could he established, so 

that less-expensive PLM analyses could be substituted for the costlier TEM 

analyses. PLM is the method typically used for solids, but it has a 

relatively high level of detection (~1%) and estimates asbestos using a 

field-of-view coimting method. TEM was anticipated to produce more 

accurate results, although grinding of the sanple was required to achieve 

homogeneity during the water suspension step. The grinding may have broken 

up asbestos clusters or bundles in the natural soil, producing many smaller 

fibers v^ich potentially could effect mass calculations. 

Although t h e two methods are very different and produce results with 

different units, the sanple pairs analyzed by TEM and PLM were plotted 

together to assess t±e possible site-specific conparability of the method 

results. Figure 5-3 is a scattergram showing TEM results versus PLM 

results for surface and subsurface soils (approximately 60 soil pairs). 

For the purpose of the figure, PLM non-detect values, or <1 percent, were 

set equal to zero. The plot shows that \^en PLM fails to detect asbestos, 

TEM values are an average of 0,105 percent by weight, and do not exceed 0.5 
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weight percent. This indicates that if PLM analyses are used to guide site 

remediation, it is likely that a non-detect PLM result contains less than 

0,5 percent asbestos by weight, 

5.1.3 SUBSURFACE SOIL RESULTS 

As described in Section 3.0, 51 sanples of subsurface soil were collected 

from 16 borings in Alviso. Five borings (Monitor Wells MW-OOl through 

0055) were drilled in areas of previous landfill activity, and groundwater 

monitor wells were installed in t:he borings. Five borings (Borings 007 

through Oil) were drilled at locations in Alviso suspected of having 

received soil fill. A laackground boring was drilled at air station 5 at 

Agnews Hospital. Finally, soil sanples were also collected, in 

coordination with Emcon Associates, during inst:allation of monitor wells 

around the perimeter of t:he Marshland Landfill. Table 5.5 summarizes the 

borings, sanple depths, and analytical results. All sanples were analyzed 

for asbestos by PLM, 20 sanples were also analyzed for asbestos by TEM, and 

13 sanples were analyzed for Target Conpound List (TCL) conpounds to assess 

the potential for hazardous wastes. The sanples results are tabulated in 

Appendix I and Table 5.5. 

Extent of Asbestos Contamination in Subsurface Soil 

Asbestos was detected in the upper 1.5 feet of boring MW-OOl located at the 

original discovery location at the foot of Liberty Street adjacent to the 

Guadalupe River levee. Traces of asbestos were also detected in boring 

MW-002, across Gold Street at the St. Claire landfill. Boring MW-004, 

drilled in the Guadalupe River levee (Figure 3-3), had a value of 7% 

asbestos t>y PLM at a depth of approximately 10 feet (Table 5.5). This high 

value may be due to remnants of the Santos Landfill unearthed during levee 

construction in 1963. Borings MW-003 and 005 had no significant asbestos. 

Of the soil borings (BOR 007-011), boring BOR-009 at Catherine and State 

streets had fairly high levels of asbestos (5% and 2% by PLM) at the 

surface and at 5 feet. Surface soil sanples taken near boring 9 also 

showed detectable asbestos indicating that this area may have served as a 
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stockpile location of serpentine soil fill during ring levee construction. 

The other soil borings in Alviso showed no significant asbestos levels 

(Table 5.5), 

The background soil boring at Agnews Hospital East was located at the edge 

of an agricultural field. The sanple, taken from the upper 7 inches of 

soil, showed detectable asbestos (1% PLM and 0.08% by weight TEM). The 

background location was chosen based on its distance from the site (Figure 

3-3) and the assunption that the soils are natural and in-place. The 

origin of the asbestos detected at this location is unknown. Additional 

surface sanples were collected from the same location during Phase II; 

these results are discussed in Section 5.1.5. 

Asbestos was detected in Boring G3 and G5 at the Marshland Landfill (Table 

5.5). Boring G3 shows a TEM result of 0.3% (not detected by PLM) in tJie 

upper foot of soil, and Boring G5 shows a TEM result of 0.45% in t h e upper 

foot and 1,0% PLM at 16.5 feet. Minor amounts of asbestos were detected at 

depth by TEM in borings G6, G9, and Gil (Table 5.5) Although the borings 

are not located in t h e landfill itself, but around the perimeter, the field 

logs of the borings show that rubble and debris were encountered. The 

debris may be the source of tJie asbestos detected. 

The asbestos present in the borings may also be due to asbestos-bearing 

fill rock or soils used as landfill cover or to construct the perimeter 

roads. The field logs of the borings note the presence of serpentine rock 

pebbles and fragments. 

Extent of TCL Contamination in Subsurface Soil 

Soil sanples for Target Conpound List (TCL) analysis were collected from 

each of the monitor well borings, located in or near former landfilling 

activities (Table 5.5). The results of the analyses from the borings in 

Alviso (Monitor wells 1-5) show no obvious evidence of hazardous waste 

disposal; the isolated occurrences of detectable conpoimds can be 

attributed to laboratory contamination. The borings around the Marshland 

Landfill show sniall amounts of common volatile conpounds. 
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The following is a summary of the TCL conpoimds detected: 

Chloroform - One sanple from 10 feet in Monitor well boring 3 
showed 9 niicrograms per kilogram (ppb) chloroform. This 
occurrence is assumed to be a laboratory cont:aniinant, based 
on blank contamination (see Section 5.1.1, Data Quality). 

4,4-DDD - A sanple from 20 feet in Monitor well boring 4 
showed 67.6 ppb of this pesticide conpound. No other 
pesticide conpound was detected in this boring, and Monitor 
well 5 from the same general area did not detect this 
conpound. This occurrence could be attributed to either 
disposal in the Santos Landfill or pesticide use during 
previous agricultural activities in nearby fields, followed 
by disruption of the soils during river realignment. 

2 - Butanone - The same sanple in Monitor well boring 4 
showed 21 ppb of 2-butanone. This is assumed to be a 
laboratory contaminant based on blank contamination results. 

4,4-DDT and 4,4-DDE - The backgroimd boring showed 
concentrations of 129 ppb of 4,4-DDT and 126 ppb of 4,4-DDE. 
No other organic conpounds were detected. The presence of 
these pesticides can be attributed to the use of the adjacent 
field for food crops. 

Various volatile conqpoimds - Four of the Marshland Landfill 
borings showed detectable concentations of several volatile 
conpounds. These are acetone, ethylbenzene, total xylenes, 
methylene chloride, 4-methyl-2-pentanone, and carbon 
disulfide. These are common laboratory contaminants, and may 
be due to blank conteunination not indicative of site 
contamination. 

Inorganic conpounds - Many inorganic conpounds are present 
above detection limits. It should be noted, however, tJiat 
the levels present are characteristic of the site soils since 
tJie levels are conparable to the background boring, emd, in 
fact, are generally lower than average soil values conpiled 
for the U.S, None of the inorganics, with the possible 
exception of antimony, are present at high enough levels to 
indicate a potential human health risk due to ingestion (EPA, 
1987a). 
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5.1.4 RIVER SEDIMENTS RESULTS 

As described in Section 3.0, sanples of Guadalupe River sediments were 

collected to screen for the presence of asbestos or hazardous constituents, 

vdiich may have entered the river from the fomier site landfilling 

activities. Three sanples of sediment were collected at locations 

successively downstream from Alviso, as shown on Figure 3-3. A sanple was 

also collected upstream of the site, from t h e Highway 237 bridge crossing 

the river. All samples were analyzed by PLM, and sanples 001 and 002, 

downstream of Alviso, were also analyzed by TEM, All sanple results are 

presented in J^pendix I. 

Extent of Contamination - Asbestos 

The only sanple in v^ich asbestos was detected by PLM is the upstream or 

control sanple, at 1 percent. The two TEM sanples downstream detected very 

small quantities of asbestos. These results would tend to indicate that 

the river sediments are not an inportant "sink" or source of asbestos. 

Extent of Contamination - TCL 

No TCL organic contaminants were detected in the sediment samples. 

Inorganic results are characteristic of the soils and rock which are the 

source of the sediments. The sediment inorganic results are similar to the 

background boring and the subsurface soils discussed in the previous 

section, 

5.1.5 PHASE II SOIL RESULTS 

As described in Section 3.0, additional soil sanples were collected during 

the Phase II investigation to better define "background" soil 

characteristics for asbestos. The soil sanples were analyzed for PLM and 

TEM asbestos. Results are presented in Appendix I. 
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Additional Background Sanples 

Two co-located soil sanples were collected at the background boring 

location (Air Station 5) shown in Figure 3-3. These Phase II sanples were 

collected from the upper inch of soil, v^ile the Phase I background boring 

was a conposite of tJie upper 7 inches of soil. Each of these co-located 

sanples showed no detectable asbestos. 

An additional background sanple collected in the marsh, between the 

Environmental Education Center and Alviso, contained no detectable 

asbestos. 

5.2 WATER INVESTIGATION RESULTS 

Waters from the Guadalupe River and site monitor wells were analyzed for 

asbestos and Target Conpound List (TCL) conpoimds. The Guadalupe River at 

Alviso is strongly influenced by tidal action due to its proximity to San 

Francisco Bay; surface waters are saline and similar in conposition to Bay 

water. The shallow groundwater aquifer has been intruded by Bay water and 

is also highly saline. One well, Gil, at Marshland Landfill showed 

significant evidence of TCE contamination. Analytical results for waters 

are tabulated in i^pendix I. The results are discussed in more detail 

below. 

5.2.1 DATA QUALITY - WATER 

As described in detail in i^pendix J, the data validation findings for TCL 

water sanple data indicate tJiat it is highly unlikely tJiat the analyses 

could miss actual organic or inorganic contamination, i.e., data quality is 

high enough that false negatives are unlikely. The analyses are therefore 

of sufficient quality to meet t h e primary data use. 

Six groundwater and two surface water sanples were analyzed for asbestos. 

QC sanples submitted with these water sanples were six rinsate or field 

blanks and three blind duplicate sanples (Tables 5.6 and 5.7), Laboratory 
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QC sanples consisted of three laboratory method blanks and four laboratory 

duplicates. No check sanples of known concentration or spiked samples were 

analyzed. 

In summary, the asbestos water sanples passed data validation with few 

qualifications and, except for one sanple, are considered valid for all 

uses. 

5.2.2 SURFACE WATER RESULTS 

As described in Section 3.0, sanples of the Guadalupe River were collected 

both upstream and downstream of the former landfills to assess whether 

asbestos or other contaminants have inpacted the river. One sanple was 

collected slightly upstream from tJie site, at the Rt. 237 bridge, and one 

sanple and a duplicate were collected from the Gold Street bridge (Figure 

3-3), downstream from the fonner landfilling activities. The results of 

the analyses are summarized in Table 5.8, and the results are presented in 

tabular form in Appendix I. 

Extent of Asbestos Contamination in Surface Water 

Asbestos results in total fibers (millions of fibers per liter) show that 

the upstream sanple contained slightly more total asbestos than the 

downstream sanple indicating no inpact to the river from t h e site. 

However, v^en only those fibers longer than 10 microns are examined, tJie 

downstream sanple has 50 million fibers per liter, while the upstream 

sanple contains no detectable fibers longer than 10 microns. 

The Maximum Contaminant Level Goal (MCI/;) proposed by EPA for asbestos in 

water is 7.1 million fibers per liter (mf/1) greater than 10 microns in 

lengtJi. If this criteria is applied, the value of 50 mf/l appears 

significant. However, the river is not used as a drinking water source, 

because of its salinity, and hunian contact through recreational use is very 

liniited. 
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Extent of TCL Contamination in Surface Water 

No organic contaminants were detected in surface water. The rinsate blank 

prepared at the site showed 16 ppb bis-(2-ethylhexyl)phthlate. The 

presence of this common plasticizer compound in the blank is assumed to be 

laboratory contamination. Inorganic results are consistent with saline Bay 

waters. 

5.2.3 GROUNEWATER RESULTS 

As described in Section 3.0, the five wells installed by EPA in the Santos 

and St. Claire landfill areas (Figure 3-3) were sanpled twice, in June 1987 

and October 1987. A total of 17 groundwater sanples, including blanks, 

were collected from these wells. Five of the monitor wells installed by 

EMCON at Marshland Landfill were sanpled in November 1987. One Encoa well, 

G9, produced so little water that sufficient volume was available for 

volatiles analysis only. The results are summarized in Table 5,8, and 

tabulated results are presented in Appendix I. 

Extent of Asbestos Contamination in Groundwater 

Asbestos was detected in all EPA Monitor wells, at levels similar to those 

reported in surface water. Fibers longer than 10 microns were only 

reported for EPA well 3. At the Marshland Landfill, asbestos was detected 

only in well G5 at concentrations conparable to the levels found in EPA 

well 3, 

The site groimdwater asbestos levels are significantly higher than those 

reported by Hayward (1984) for wells drilled in or near serpentine 

deposits. However, the groundwater not used for drinking water supply or 

agriculture because of high salinity. 
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Extent of Contamination in Groundwater 

No TCL organic contaminants were found in the EPA monitor wells; one 

rinsate blank contained 18 ppb of 2-butanone, assumed to be laboratory 

contamination. One EMCON well at the Marshland Landfill, well Gil, 

contained 320 ppb of trichloroethene. This contaminant was not found in 

any of the blanks prepared during the sanpling period, TCL inorganic 

results are consistent with saline Bay water intrusion of the shallow 

aquifer system. 

5.3 AIR INVESTIGATION 

Air sanples were collected during t h e period July 24 to October 31, 1987 

from a network of five monitoring stations using collection equipment as 

discussed in Section 3.2.1. Both 24-hour time-integrated and shorter 

episodic sanples were collected. A total of 127 sanples and duplicates and 

25 blank sanples were submitted for Phase I TEM asbestos analyses. As 

described in Section 3,2.1, two asbestos sanplers operated simultaneously 

at each monitoring station. One of the sanples conprising t h e pair was 

analyzed v^ile t h e o thez was archived, A portion of the archived sanples 

was submitted to a second laboratory for Phase II TEM asbestos analyses. 

Phase I and II analyses differed in the method of sanple preparation and 

the fiber counting procedures. Phase I sanples were prepared via the 

direct method while Phase II sanples were prepared via the indirect method, 

as described in Section 3.3. The air data base is quite large, and 

several analyses have been perfonned to interpret t h e data. To assist in 

understanding the data analyses perfonned. Figure 5-4 graphically shows the 

interrelationships of the various data sets. The conplete dat:a analysis is 

presented in i^pendix J. 

Asbestos air sanpling results were examined by several methods in an 

attenpt to determine the processes vdiich contribute to the measured 

asbestos concentrations. The first step in the analysis was an 

investigation of the data quality and usability of the data. For Phase I 

asbestos results, the dependence of concentrations observed during episodic 
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sanples were conpared with wind speed, wind direction, and particulate 

concentrations. Similar conparisons were then performed for the 24-hour 

analyses. A statistical analysis of both the episopic and 24-hour sanples 

was used to assess if asbestos concentrations within Alviso are 

significantly different from background concentrations. Similar analyses 

were repeated for the Phase II data. The section concludes with a summary 

of the major findings. Figures 5-5 and 5-6 clarify the interrelationship 

between the Phase I and Phase II data sets. 

5,3.1 DATA QUALITY 

Phase I and Phase II sanples were analyzed by different laboratories 

following different sanple preparation and analysis procedures, so a 

separate data quality evaluation is perfomied for each data set. Data 

quality results are presented in Appendix J; the following is a summary. 

The data quality of t h e Phase I data was investigated by considering random 

and systematic errors. Duplicate sanple results for total structures, 

total fibers, and PCM equivalents (terms defined in Section 3.3) are 

presented in Table 5.9. The average %RSD values calculated are much lower 

than the average %RSD obtained for asbestos soil (Section 5.1.1) analyses 

and similar to the average %RSD obtained for asbestos water analyses 

(Section 5.2.1). 

Phase Contrast Microscopy equivalents measurements (PCMe) determined by TEM 

were conpared with actual PCM measurements for eight non-blank split 

sanples. The concentrations obtained for these sanples via the two methods 

are presented in Table 5.10. In general PCM concentrations are larger t han 

the corresponding PCMe. This result may be due to the tendency of the PCM 

method to include non-asbestos fibers as part of the total asbestos fiber 

count since the method cannot distinguish fiber type. 

The likelihood of filter contamination was assessed through an examination 

of blank (unexposed filter media) sanples. Trip (unopened filter 

canisters), field (filter media exposed briefly in the field), and lab 

(filter media kept in the lab) blank sanples provided a total of 42 blank 
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analyses. Of these 42 sanples, only 4 (or approximately 10%) contained any 

asbestos fibers. Extrapolating from these sanples, it is possible to state 

that in 90% of the air sanples analyzed, no errors will be introduced by 

blank contamination. In the remaining 10% of the sanples, blank 

contamination is possible. Due to the observed blank contamination, nearly 

all of the Phase I data received a "UJ" flag during data validation 

(/̂ pendix I). The "UJ" qualifier indicates that sufficient asbestos fibers 

were not observed in the sanple to state with certainty that the reported 

concentrations are not influenced by blank contamination. However, because 

the data appeared to be internally consistent (based on precision), data 

analyses, as described in the following sections, was performed. 

The Phase II indirect air data set is much smaller than the Phase I data 

set; correspondingly, the number of sanples available to assess data 

quality is also much smaller. On the basis of one duplicate, the %RSD for 

total structure analyses is 31% and the %RSD for PCn equivalent structures 

is 25%. These %RSD values are very similar to the average %RSD values 

detennined for the direct method. 

The Phase II data validation results indicated no major deficiencies in the 

ambient air data set. In particular, no significant blank contamination 

was observed so none of the sanples was qualified with a "UJ" flag. An 

important data validation finding was tJiat thousands of sniall calcium 

sulfate particles were present in t h e sanples prepared by the direct 

method. These particles may have obscured asbestos fibers and caused an 

underestimation of asbestos concentrations in all directly prepared 

sanples. The conclusion of the ambient data validation report was that 

with the exception of one sanple that was termed an estimate, the data are 

considered valid and usable for all purposes. 
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5.3.2 PHASE I SAMPLING RESULTS - PHYSICAL ANALYSIS 

This section investigates the relationship between asbestos concentrations 

and physical variables such as wind speed. The purpose of this analysis is 

tc explain site asbestos concentrations, and relate those concentrations to 

specific sources, if possible. Figure 5-5 graphically shows the types of 

analyses performed. Appendix J presents the detailed analysis. 

Asbestos structure and PCM equivalents (PCMe) results for Phase I analyses 

are presented in i^pendix I. A major feature of these results is that PCMe 

fibers were only infrequently detected. As a result, any analysis of PCMe 

will produce uncertain conclusions. For this reason, the data analysis 

stressed total asbestos structure rat̂ her tJian PCMe fiber results. 

5.3.2.1 Analysis of Episodic Sanples - Summary 

Wind Direction - Sanples were collected from each of the five air sanpling 

stations during nine episodic sanpling events. Under ideal conditions, 

this would yield 45 asbestos analyses; however, due to sanple overloading 

by particulates, 42 analyses were obtained. During 8 of the episodes, wind 

directions ranged from the west to the north (azimuth 270 to 360). During 

the remaining episode, wind direction ranged from east-northeast to south 

(azimuth 70 to 180). The wind directions and asbestos structure 

concentrations observed during each of the episodes are presented in Table 

5.11. 

During tJie eight episodes with northwest winds, asbestos concentrations 

ranging from non-detect to more than 10,000 structures/in^ were observed at 

Stations 2, 3, 4, and 5. The concentrations at Station 1 (upwind) ranged 

from non-detect to 4,200 structures/m\ Based on these results, it appears 

that during constant northwest wind conditions, asbestos structure 

concentrations vary over a wide range at each of the five stations. Thus, 

northwest winds cannot be used to predict asbestos concentrations at any of 

the five stations. 
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The remaining episodic sanple was collected during reverse flow conditions 

v^en the wind direction was approximately from the southeast. Under these 

conditions, Station 1, v^ich is normally upwind, is downwind from Alviso. 

The largest episodic asbestos concentration at Station 1 was observed 

during these conditions; thus, reverse wind conditions may result in larger 

concentrations at Staticn 1. However, relatively high concentrations were 

observed at all five stations during this episode so other factors may be 

causing the observed relatively large asbestos concentrations. Based on 

this one episodic sanple it is not possible to state conclusively that 

reverse conditions cause large asbestos concentrations at Station 1. 

wind Speed - The previous section demonstrates t h a t wind direction does 

not, by itself, explain the asbestos concentrations observed. Information 

on wind speed, in conjunction witJi direction, may better explain the 

observed range of asbestos concentrations. During consistent northwest 

wind conditions, it is expected that as average wind speed increases, wind 

erosion and, hence, asbestos concentrations should also increase. To 

investigate this relationship, asbestos structure concentration was plotted 

against average wind speed for the eight northwesterly wind episodes 

(Figure 5-7). 

No relationship is observed between wind speed and asbestos in Figure 5-7. 

Asbestos structure concentrations as large as 10,000 structures/m occur at 

average wind speeds ranging from 2.5 to 15.5 nph. In addition, 

non-detectable asbestos concentrations occur at all wind speeds. Based on 

Figure 5-7, it is concluded that wind speed does not, by itself, explain 

the range of observed asbestos concentrations. 

Particulate Concentrations - Particulate concentrations, measured in terms 

of total suspended particulates (TSP) and respirable particulates (PM-10), 

are plotted against asbestos concentrations in Figures 5-8 and 5-9. Since 

asbestos fibers are a portion of the total amount of particulates in the 

air, it was expected (assuming the same source for asbestos and particulate 

matter) that as particulate matter concentrations increase, asbestos 

concentrations will also increase. The concentrations plotted in Figures 

5-8 and 5-9 do not follow this expected relationship. Large asbestos 
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concentrations occur over the entire range of particulate concentrations 

with the largest asbestos concentations corresponding to relatively low 

particulate concentrations. Particulate concentrations, therefore, cannot 

be used to predict asbestos concentrations, within this data set. 

5.3.2.2 Analysis of 24 Hour Sanples 

Wind Speed - During the course of each 24-hour sanple, wind direction 

shifts were large so no analysis of wind direction and asbestos 

concentration was performed. Wind speed and asbestos concentration were 

conpared however. The plot of asbestos concentrations against wind speed 

averaged over the 24-hour sanpling period (Figure 5-10) indicates poor 

correlation. Wind speed cannot accoimt for the range of observed asbestos 

concentrations. 

Particulate Concentrations - Plots of 24-hour asbestos concentrations 

against TSP and PM-10 do not show positive correlation (Figures 5-11 and 

5-12). Based on these figures particulate concentrations clearly do not 

account for the range of observed asbestos concentrations. Importantly, 

the largest particulate concentrations tend to correspond to lower than 

average asbestos structure concentrations. A possible explanation of this 

relationship may be that as particulate concentrations increase, asbestos 

structures become obscured and more difficult to identify. Thus, 

particulates may be influencing tJie asbestos concentrations and masking 

relationships between asbestos and other variables such as wind, speed, 

wind direction and TSP concentration. 

5.3.2.3 Statistical Analysis of Phase I Air Data 

The concentrations of asbestos structures observed at each of the five air 

monitoring stations were analyzed via statistical methodologies to point 

out significant features of the data. 

Qualitative Analysis of the Data - A qualitative examination of the air 

data presented in i^pendix I indicates that there is very low correlation 

between asbestos structure or PCMe concentrations at the in-town stations. 
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Using total asbestos structure concentrations, correlation coefficients of 

0.08 between Stations 2 and 3; 0.06 between Stations 2 and 4; and 0.67 

between Stations 3 and 4 were calculated. A correlation coefficient of 1.0 

indicates perfect linear correlation v^ile a coefficient of 0 indicates no 

correlation. The measured correlation coefficients indicate that the 

structure concentrations observed at Station 2 are independent of the 

concentrations observed at Stations 3 and 4. However, there is some 

correlation between the concentrations observed at Stations 3 and 4. This 

result may indicate that the factors controlling the asbestos structure 

concentrations observed at Station 2 are different than the factors 

controlling the asbestos structure concentrations observed at Stations 3 

and 4. 

Basic Statistics - The statistics calculated on asbestos total structure 

concentrations measured at each station are the aritJimetic average, the 

standard deviation, and the standard deviation of the sanple mean. Similar 

statistics were not calculated for POle fibers since these fibers were 

detected very infrequently; thus, any statistics on PCMe fibers would be 

strongly influenced by whatever arbitary concentrations was assigned to 

detection limit sanples. The arithmetic average provides an estimate of 

the average ambient asbestos structure concentration in the vicinity of the 

sanpling stations over the three month sampling period. The total asbestos 

structures and PCMe asbestos statistics for each station are presented in 

Tables 5.12 and 5.13. 

To determine if a significant quantitative difference in asbestos structure 

concentration exists between upwind and in town stations, a paired 

difference analysis was perfonned. A paired difference is defined as the 

difference between the asbestos concentrations observed at a pair of 

stations during the seune sanpling period. If the average asbestos 

concentration at each of the two stations comprising the pair are equal, 

the average paired difference will be zero. A paired difference test thus 

determines whether the average concentration difference between t h e two 

stations is significantly different from zero. The test assumes that the 
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individual differences are not correlated in time. This assunption is 

acceptable since no tenporal correlation has been observed in asbestos 

concentrations. 

As shown in Table 5.14, the z values for the average difference between 

asbestos concentrations at Station 1 and each of Stations 2, 3, and 4 are 

greater than 1.72; thus, the difference is significant at the 95% level. 

Thus, a significant difference in asbestos structure concentration does 

exist between Station 1 and stations within Alviso. The magnitude of the 

concentration differences are the averages presented in Table 5.14. 

Analysis of Frequency Distributions - Figure 5-13 presents the range 

(difference between minimum and maximum concentration) of observed total 

asbestos structure concentrations at each station in rielation to the 

average concentration. This figure illustrates that tJie maximum asbestos 

structure concentration at the in-town stations is five to seven times as 

large as the respective average concentrations. At the upwind and downwind 

stations, the maximum concentration is approximately three times as large 

as the average. 

Histograms of asbestos structures are presented for each station in figures" 

5-14 and 5-15. The percentiles of the asbestos structure concentrations 

shown in the figures are presented in Table 5.12. The median (50th 

percentile) structure concentration is similar across all 5 stations. At 

t h e 75th percentile, the in-town and downwind stations show higher 

concentrations than the upwind station. At the 90th percentile this trend 

becomes clear as the concentrations at t h e in-town and downwind stations 

are at least twice as large as the upwind concentration. The highest 

observed concentration in-town (28,000 structures/in^) is over five times as 

large as the highest upwind concentration (5200 structures/m^) and nearly 

three times as large as the largest down-wind concentration (10,500 

structures/m^). 

The interpretation of these results is that on 50% of the sanpling days 

there was no clear difference in concentrations between any of the 

stations. On 25% of the sanpling days there was a slight difference 
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between the upwind station and the remaining stations and on 10% of the 

days the concentrations at the in-town stations are clearly different from 

the upwind station. Finally, examining the meiximum concentrations, larger 

concentrations are observed at the stations within Alviso tJian either 

up-wind or down-wind of Alviso. Thus, although the mechanism of asbestos 

entrainment into arbient air is not well-understood, the data indicate that 

under some conditions, higher concentrations of asbestos are observed 

within Alviso than either upwind or downwind of Alviso. 

5.3.3 PHASE II AMBIENT AIR DATA - DUPLICATE RESULTS 

As discussed previously (Sections 3.2.1 and 5.3.1), the reported 

concentrations of ambient asbestos in the Phase I data set may not be fully 

representative of the actual concentrations. To ensure tJiat actual ambient 

asbestos concentrations have been nieasured, a portion of the asbestos air 

data was reanalyzed at another laboratory using a modified sanple 

preparation technique and inproved fiber counting procedures. 

The steps taken in the analysis of Phase II data are shown in Figure 5.6. 

The conplete data analysis is presented in Appendix J. 

5.3.3.1 Conparison Betn̂ êen Indirect (Phase II) and Direct (Phase I) Air 

Analyses 

A subset of 24 duplicate sanples, analyzed in Phase I by the direct method, 

were analyzed in Phase II by the indirect method to determine total 

asbestos structures and PCMe fibers (Section 3.2.1). The sanples selected 

for reanalysis were distributed among the five air sanpling stations and 

over the range of measured concentrations to obtain a representative 

sanple. 

The exact sanples reanalyzed and the direct and indirect analysis results 

for these sanples are presented in Table 5.15. The total asbestos 

structure infomiation contained in t h i s table is presented graphically in 

Figure 5-16 vrtiich compares the directly and indirectly obtained asbestos 
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concentrations for each sanple. An important feature of this figure is 

that the indirect analyses measured significantly higher quantities of 

asbestos than the direct analyses. 

Figure 5-16 indicates that no numerical relationship can be developed >rtiich 

relates t h e Phase I direct and tJie reanalyzed Phase II indirect asbestos 

structure results. Some of the largest indirect concentrations (above 1 

million structures per cubic nieter) correspond to very low or 

non-detectable direct concentrations. Conversely, the highest direct 

concentrations do not correspnd to high indirect concentrations. Thus, it 

is inpossible to correct the Phase I direct asbestos data base to obtain 

equivalent indirect concentrations. 

Table 5.15 indicates that asbestos PCM equivalent structures (PCMe, or 

those structures longer than 5 microns which would have been detected as 

fibers using the PCM method) are also significantly higher vdien measured 

via t h e indirect method. Of the 24 sanples, only three showed detectable 

PCMe structures in Phase I (direct method), while 23 of these sanples 

contained detectable PCMe structures when analyzed by the indirect met±od 

in Phase II. Clearly, the indirect method is much more sensitive than the 

direct method for detecting PCMe structures. 

5.3.3.2 Comparison Between Phase I and Phase II Direct Analyses 

Three sanples were reanalyzed via the direct method. This reanalysis was 

performed to determine if the original direct analyses are reproducible and 

to examine interlaboratory variability. The reanalyzed asbestos structure 

concentrations are graphically conpared to the original concentrations in 

Figure 5.17. AltJiough only three samples were reanalyzed, tJiere is 

reasonable correlation between the original and reanalyzed direct asbestos 

structure concentrations. It is reasonable to conclude that the Phase I 

direct analyses did not grossly over- or underestimate tJie asbestos 

structure concentration that can be detemiined by t h e direct method. As 

discussed in Section 5.3.1, however, the direct analyses were hindered by 

the presence of thousands of sniall calcium sulfate particles vAiich may have 
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obscured asbestos fibers. Thus, although these two sets of direct 

measurements are roughly comparable, direct analyses may not provide a 

representative measure of ambient asbestos concentration at this site. 

The original or Phase I direct PCMe results for the three sanples indicated 

that two of the tJiree sanples contain-̂ d no detectable PCMe fibers (termed 

structures in Phase II) \4iile the third sanple contained 8,000 

structures/m^ (Table 5.15). The Phase II direct PCMe results for these 

three sanples show structures in all sanples. The Phase II direct PCMe 

results appear more sensitive and precise than the original results since 

low PCMe concentrations (10 structures/m') are reported in the duplicate 

sanples whereas the original analyses did not quantify concentrations less 

than 1000 structures/m^. Based on t h i s information, the reanalyzed direct 

PCMe analyses are believed to be superior to the original PCMe analyses. 

5.3.3.3 Qualitative Assessment of Indirect Analyses 

PCMe and total asbestos structure concentrations for the 24 Phase II 

indirect preparation sanples can be conpared on a scatterplot (Figure 

5-18). This scatterplot indicates that PCMe and total structure 

concentrations are positively correlated. This relationship, \rfiich was not 

observed in the Phase I data, indicates that the Phase II data are 

intemally consistent and are more likely to provide representative 

determinations of asbestos PCMe concentrations than the Phase I analyses. 

5.3.3.4 Conparison of Indirect Data with Wind Speed and Direction 

To investigate the effects of wind direction and velocity on asbestos 

concentration, plots of these variables against Phase II aslaestos 

concentrations were examined. 

Wind Speed - Average wind speed over the sanpling period was plotted 

against total asbestos structure concentration in Figure 5-19. This plot 

indicates two potentially distinct asbestos populations. At concentrations 

below 600,000 structures/m^ an apparent linear relationship between wind 

speed and asbestos concentration is shown. At asbestos concentrations 
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exceeding 600,000 structures/m^, no relationship between wind speed and 

concentration is apparent, indicating that large asbestos concentrations 

can occur at any wind speed. An interpretation of this relationship 

between wind speed and asbestos structure concentration is that wind is 

only one of several possible variables vrtiich influence the asbestos 

concentrations. 

Asbestos PCMe concentrations (Figure 5-20) do not exhibit any strong 

relationship with wind speed. Thus wind speed does not appear to be useful 

for predicting PCMe concentrations. 

Wind Direction - To analyze the inpact of wind direction on concentration, 

four approximately equal percentage wind classes were developed based on 

predominant wind frequencies. The four classes defined and the frequency 

at which wind directions fall within these classes are follows: 

CLASS DEFINITIOJ 

Direction 

NW 
WNW - SW 
NNW - NNE 
NE - SSW 

Frequency 

30% 
20% 
31% 
19% 

Conpass 
Class Azimuth 

1 304-326 
2 236-304 
3 326-34 
4 34-236 

During the collection of each asbestos sanple, wind direction was 

continuously recorded. Based on this continuous record the average hourly 

wind direction was determined. The hourly wind directions were then used 

to calculate the percentage of time that wind direction occurred within one 

of the four direction classes. For exanple, if the wind direction was from 

the northwest for 6 hours during a 24 hour sanpling period then the 

frequency of Class 1 winds is 25% (6/24). The frequency of winds for other 

classes was similarly defined. 

Application of the multiple regression method showed that wind direction 

cannot be used as a predictor of asbestos concentration. Strong positive 

correlations (r >,7) between wind direction class frequency and asbestos 
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structure or PCM equivalant concentrations do not occur at any of the 

stations. Furthermore, the predictive power of the multiple regression 

equations, as nieasured by the multiple coefficient of determination is poor 

(r <,4) at all three stations. Asbestos soil sanpling results indicate 

discrete asbestos sources exist; however, the wind direction data do not 

confinn that wind transport from the sources toward t h e air monitoring 

stations is a major factor in describing observed asbestos concentrations. 

5,3,3,5 Conparison of Indirect Data and Particulate Concentrations 

The Phase II asbestos concentrations measured at each location were 

conpared to the particulate concentration measured at the same location 

over an identical sanpling period. Investigation of the relationship 

bet>reen asbestos and particulate was undertaken to indicate if particulate 

concentration measurements can serve as a screening tool to predict 

asbestos concentrations. Also, t h e strength of the correlation between 

particulate and asbestos concentrations indicates vdiether asbestos and 

particulates are transported by identical or different combinations of wind 

speed and direction, and vhether distinct sources of asbestos and 

particulates exist. 

Basic Statistics - Basic statistics of particulate concentrations 

corresponding to t h e indirect sanples are provided in Table 5.16. Total 

suspended particulates (TSP) concentrations are largest at Stations 2 and 3 

located within Alviso. Average TSP concentrations at those stations are up 

to twice as large as at upwind Station 1. Station 4 (located within 

Alviso) and Station 5 (the downwind station) have average concentrations 

intermediate to the average concentrations observed at Stations 1, 2, and 

3. 

PM-10 (or particulates less than 10 microns in aerodynamic diameter) 

average concentrations behave similarly to TSP concentrations in that the 

average concentrations at Stations 2 and 3 are larger than at Station 1. 

However, the magnitude of the difference is not as large. Average PM-10 

concentrations at Station 4 and Station 1 are very similar vdiile the PM-10 

concentration at Station 5 is lower than the average at Station 1, 
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These statistics show that the distribution of average particulate 

concentrations among the stations is generally similar to the distribution 

of asbestos concentration among the stations. This relationship concerning 

average concentrations is an indication that particulate concentration may 

act as a predictor of asbestos. 

Asbestos-Particulate Scatterplots - Four different scatterplots of asbestos 

(both PCMe and total structures) and particulates (both TSP and PM-10) were 

developed (Figures 5-21 tJirough 5-24). Each of the plots presents an 

asbestos concentration and a particulate concentration for each re-analyzed 

sanple. Summary correlation statistics for each plot are provided in Table 

5.17. 

The scatterplot between TSP and total asbestos structures (Figure 5-21) 

indicates t h a t mild linear correlation exists between these two variables. 

The correlation (r=.72) is not sufficiently strong to allow accurate 

prediction of asbestos from particulate concentration; however, t h e 

scatterplot indicates that TSP is a qualitative predictor of total asbestos 

structure concentration. For instance, when TSP exceed 100 /jq/a? , asbestos 

structures always exceed 600,000 structures/in^ and often exceed 1,000,000 

structures/in^. 

An inportant aspect of Figure 5-21 is that the largest particulate and 

asbestos concentrations are observed at Stations 2, 3, and 4. Relatively 

high (>600,000 structures/m^) asbestos levels are observed at Stations 1 

(upwind) and 5 (downwind) on only two occasions. These two relatively high 

asbestos concentrations are also acconpanied by relatively high particulate 

concentrations indicating that the relationship between particulates and 

asbestos structures is not strongly dependent on location. 

The plot of PM-10 against total asbestos structures (Figure 5-22) is 

similar to the previous plot for TSP, Asbestos and particulates are again 

related; however, the correlation between PM-10 and asbestos structures (r 

= ,56) is less than the correlation between TSP and asbestos structures (r 

= ,72), 
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The plot of TSP against asbestos PCMe structures (Figure 5-23) indicates 

that TSP and PCMes are generally related. PCMe concentrations of tJiree 

particular sanples are much greater than would be expected based solely on 

TSP concentration. The mechanism vrtiich causes the higher PCMe in these 

three sanples is unknown; however, all three of these sanples were from 

stations within Alviso. Thus the mechanism causing high PCMe may be 

related to the proximity of asbestos source niaterial plus an unpredictable 

soil disturbance mechanism. 

The plot of PM-10 against asbestos PCMe (Figure 5-24) is nearly identical 

to Figure 5-23. The great majority of the sanples contain less than 1500 

PCMe structures/m and these sanples show a linear relationship with PM-10, 

Again, however, there are three sanples v^ich do not fit the observed 

linear relationship. 

Based on the scatterplots presented, TSP shows a stronger relationship with 

both asbestos structures and PCMe than does PM-10. Although the 

relationship between asbestos and TSP concentrations exists at all 

stations, the correlation is not sufficiently strong to allow accurate 

prediction of asbestos based on a measurement of particulate concentration. 

The relationship can, however, be used to qualitatively predict asbestos 

concentration. That is, if TSP concentration exceeds 100 /yg/m̂ , asbestos 

concentration will very likely exceed 500,000 structures/m^ and will most 

likely be in the ranges of 1,000,000 to 1,500,000 structures/in^. Thus, at 

this level of accuracy particulate concentrations could potentially be used 

as an asbestos screening tool. 

5.3,3,6 Statistical Analysis of Phase II Data 

Due to the large number of variables which might influence asbestos 

concentrations, the indirect data set is too small to reach any firm 

conclusions concerning the statistical significance of any concentration 

differences observed between stations. Thus the statistical analysis was 

restricted to a presentation of the concentrations observed and basic 

summary statistics. Confidence interval detemiination was not attenpted 
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since the assunptions inplicit in defining these intervals are not valid 

and the number of data is too sniall to allow modification of the basic 

assumptions (i.e., normality emd independence). 

The total asbestos structures and PCM equivalent structures observed at 

each of the five stations are presented in Figures 5-25 and 5-26. Table 

5.18 presents numerical calculations of statistics summarizing the 

information presented in these figures. Asbestos structure concentrations 

are largest, in average, at Station 3 and smallest at Station 1 (upwind 

station). The average concentration at all three in-town stations 

(Stations 2, 3, and 4) are greater than t h e average concentrations at 

either Station 1 or Station 5 (downwind station). By combining the 

concentrations observed at Stations 2, 3, and 4, a single average 

concentration within town is obtained. This average concentration (71,100 

structures/cubic meter) is 3.5 times larger than the average upwind 

concentration (21,300 structures/cubic meter). 

The average asbestos concentrations at each station are influenced by , 

atypically large concentrations v^ich may be due to abnormal weather or 

soil disturbance conditions. The occurrence of these atypical values 

causes high variability in the data. This variability is expressed in the 

large spread between t h e smallest and largest concentrations observed at 

each station (Figure 5-25). 

The average PCMe concentration at the stations within Alviso (1580 

structures/m ) is six times greater than the average concentration at t h e 

upwind station (260 structures/m^). In addition, the average 

concentrations at in-town Stations 2 and 3 (2140 and 2040 structures/m^) 

are nearly an order of magnitude greater than the average upwind 

concentration. The distribution of PCMe concentrations (Figure 5-26) 

indicates that concentrations less than 1500 structures/m^ are common at 

all five stations. At the in-town stations, however, concentrations up to 

8,500 structures/m^ occasionally occur. 
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5,3,3,7 Phase II Activity Experiment Air Data 

Activity-specific exposure experiments were conducted at three locations as 

described in Section 3.2.2. The air data collected during these 

experiments was rejected during data validation and, as a result, cannot be 

used to relate soil asbestos to air asbestos concentrations during actual 

activities. 

5.3.4 SUMMARY OF AIR INVESTIGATION RESULTS 

The major findings of the Phase I air data analysis are as follows: 

o PCM equivalent asbestos structures were infrequently 
detected. 

o Episodic asbestos concentrations were not strongly 
correlated with wind direction, wind speed, or particulate 
concentrations. 

o Asbestos 24 hour concentrations were not correlated with 
wind speed or particulate concentrations, 

o At large particulate concentrations, asbestos concentrations 
tend to decrease indicating that particulate matter may 
obscure asbestos fibers causing an underestimation of 
asbestos concentrations, 

o Asbestos concentrations were not strongly spatially or 
tenporally correlated. 

o Statistically significant differences in average total 
asbestos structure concentration exist between Station 1 and 
the Stations 2, 3, and 4. 

o The average asbestos concentrations observed in air were less 
tJian concentrations observed during previous site studies. 

o Asbestos structure histograms demonstrate that large asbestos 
concentrations are more common at the stations within Alviso 
than either upwind or downwind of Alviso. 

The major finding from the analysis of the Phase II air data are as 

follows: 
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No numerical relationship between direct and indirect 
asbestos structure concentrations can be developed. 

A numerical relationship between direct and indirect asbestos 
PCMe structures can be developed; however, this relationship 
is suspect since it is based on a small data set containing 
only three sanples. 

Asbestos structure concentrations measured by the indirect 
method are up to 3 orders of magnitude greater than 
concentrations measured by the direct method. 

Asbestos PCMe structure concentrations are quantified much 
more frequently via t h e indirect method than t h e direct 
vaethod. 

No strong relationship between total asbestos structures or 
PCMe structures and wind speed or direction is observed. 

Total suspended particulates (TSP) and asbestos structure 
concentrations are positively correlated, TSP and PCMe 
concentrations are weakly positively correlated. TSP 
concentrations can be used to qualitatively predict asbestos 
concentration. 

PM-10 particulate concentations are weakly correlated witJi 
asbestos concentrations. 

The indirect Phase II analyses are apparently not inpacted by 
particulate obscuration of asbestos fibers which probably 
caused the direct Phase I analyses to underestimate asbestos . 
concentrations. 

Total asbestos structures and PCMe structures are, on 
average, 3 to 6 times larger within Alviso than at t h e 
backgroimd stations. The absolute difference in structure 
concentration between the background stations and the 
stations within Alviso range from 340,000 to 590,000 
structures/m^ v^ile the difference in PCMe structures ranges 
from 640 to 1900 structures/m^. 
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SECTION 6.0 

CONTAMINANT FATE AND TRANSPORT 



6.0 CONTAMINANT FATE AND TRANSPORT 

As discussed in the previous section, numerous air, soil, and water samples 

have been analyzed for asbestos and Target Compound List contaminants. In 

this section, the sample results obtained from the various media will be 

considered in conjunction with potential routes of migration, contaminant 

persistence, and contaminant migration to assist in determining important 

contaminant exposure pathways. 

6.1 POTENTIAL ROUTES OF MIGRATION 

Potential routes available for asbestos migration at this site are soil to 

air, soil to surface water, and soil to groundwater. Asbestos was detected 

in air at levels higher than local background levels (Section 5.0), 

potentially posing a health threat. Therefore soil to air will be 

considered an inportant migration route. AltJiough the surface and ground 

water sanple results also show the presence of asbestos, the salinity of 

the water prevents its use by humans. Therefore neither surface nor 

groimdwater are vic±)le migration routes for humeui exposure. The 

environmental risk assessment (Section 7.0) will examine the inpact of 

asbestos in surface water on the site environment. 

Analyses of groundwater, surface water, soil and sediment failed to detect 

significant concentrations of Target Conpound List (TCL) contaminants, with 

the exception of one well at the Marshland Leuidfill. Again, since the 

groundwater is not usuable due to high salinity, groimdwater is not an 

inportant migration route for TCL conpounds and is not considered further. 

6.2 CONTAMINANT PERSISTENCE 

Asbestos fibers of all types are extremely persistent. They exhibit very 

liniited chemical reactivity but are susceptible to physical breakup into 

smaller and/or thinner fibers. Although the fibers are not soluble in 

water, cations may be leached under acidic conditions leaving the fibrous 

silica structure behind (Choi and Smith 1972). The effect that leaching of 

cations has on the structural integrity of the crystal is unclear (USEPA " 
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1979). Acid leaching alters the surface properties of chrysotile, but not 

of anphibole asbestos fibers (Seshan 1983). Conplete dissolution or 

breakup has not been quantified. Lauth and Schurr (1983) noted that, 

although there are no serpentine formations in the Great Lakes basin, 80% 

of fibers in Lake Michigan are chrysotile asbestos. Chrysotile, which 

accounts for 95% of asbestos produced for commercial use, presumably enters 

the Great Lakes as a result of hunian activity in the area. 

Anphibole fiber concentrations in Lake Superior resulting from inining 

activity in the western end of the lake are reduced by more than 30% during 

transport to the eastern end of the lake (USEPA 1979). The long distance 

transport of intact chrysotile fibers has been noted in California water 

supplies (McGuire et al. 1983). 

Both anphibole and chrysotile fibers can bioaccumulate (Batterman and Cook 

1981; Belanger 1986). For exanple, chrysotile fibers are taken up by the 

gills of molluscs and move throughout the body to other tissues. Mussels 

do not slough off fibers from the intestinal lining (Halsband 1974). 

Except for leaching in body fluid and stomach acid, biotransformation of 

asbestos fibers has not been observed. In analyzing transport mechanisms, 

asbestos fibers will be assunied to be non-reactive with soil or other 

particles entrained in the air. 

6.3 CONTAMINANT TRANSPORT 

The physical processes by which mass (solid particles) is transferred from 

soil or other surfaces to the atmosphere and then transferred back to the 

surface are known as suspension (resuspension) and deposition, 

respectively. While both mass transfer mechanisms have been the topic of 

extensive research, site-specific transfer rates are quite difficult to 

predict accurately, since they depend upon an array of surface and 

atmospheric variables. Nevertheless, some understanding of resuspension 

and deposition theory and practical applications is necessary to evaluate 

potential air to soil and soil to air transport of asbestos in and near the 

South Bay site. Each of these mechanisms are discussed in some detail in 

the following sections. 
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6.3.1 SOIL TO AIR TRANSPORT (PARTICLE RESUSPENSION) 

Resuspension of particles from surface soil or other surfaces (e.g. 

roadways, vegetated areas, etc. occurs both as a result of shearing forces 

caused by wind flow over the surface, and by mechanical disturbance of the 

surface. The inportance of each varies greatly with the physical 

characteristics of the site, local meteorological factors, and associated 

human activities such as vehicular traffic, excavation, walking and 

bicycling. The potential for resuspension due to botJi wind forces and 

mechanical disturbances are discussed below, 

6,3,1,1 Wind Erosion 

Many investigations (including Sehmel, 1984; Chepil, 1951, and others) have 

shown that resuspension of particles due to wind erosion is a conplex 

process dependent upon many physical variables. While mathematical 

expressions have been derived for resuspension of respirable, 

non-respirable and bulk soil loss media, it is clear t:hat the rates of 

resuspension are generally dependent upon the following variables or soil .̂ 

characteristics: 

o The individual sizes and size distribution (material texture) of 
surface soil or contaminant particles; 

o Surface soil moisture levels which contrilDute to cementation or 
cohesion of individual particles or surface crusting; 

o The existence of non-erodible elements and surface roughness, emd 

o The frequency of mechanical disturbances vAiich result in the 
exposure of new, erodible materials. 

The speed of the wind across the soil surface and the resultant shearing 

forces on t h e soil particles also plays an inportant part in wind erosion 

potential. Various investigations have shown that wind erosion potential 

varies with the cube of the wind speed above the speed threshold necessary 

to initiate resuspension. This tJireshold speed has been shown to vary from 

4-8 meters per second (9-18 nph) depending upon particle size distributions 
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and surface moisture content. Others have assumed that over climatological 

time frames, erosion generally occurs at or above 12 nph (Woodruff and 

Siddoway, 1965). 

In an effort to develop a predictive tool for estimating emissions from 

various surfaces under varying conditions, EPA and otJiers have performed 

extensive field tests to develop conprehensive "emission factors". In 

these tests and analyses, enpirical sanpling data are conpared to 

theoretical predictions with the intent to inprove predictive capabilities. 

EPA (1985a, 1987b) has recently sponsored efforts to develop inproved 

methods specific to assessing erosion potential from surface contamination 

sites. 

6.3.1.2 Mechanical Disturbances 

Extensive research and field studies have also been performed in efforts to 

develop "emission factors" for dust generation from human activities on 

varying surfaces (EPA, 1985b, EPA 1978). As exanples, emission factors 

have been developed for light duty and heavy vehicles for both paved and 

unpaved road surfaces, for equipment-specific aspects of mining and 

excavation activities such as bulldozing, grading and blasting, and for 

operations associated with agricultural tilling. 

In all cases, however, assunptions are made as to the aerodynamic diameters 

of t:he particles, assuming they are all spherical in shape. Resuspension 

potential, transport and deposition characteristics are each dependent upon 

the size, density and shape of the particle. Unfortunately for the 

specific case of asbestos fibers, little has been learned about how these 

characteristics vary for particles that are needle-like and obviously 

non-spherical in nature (Sehmel, 1984). This lack of basic understanding 

about t h e resuspension, transport and deposition characteristics of 

asbestiform fibers and fiber bundles makes more difficult the analysis of 

asbestos concentrations, meteorological factors, and resuspension potential 

on tJie South Bay site. 
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6.3.2 AIR TO SOIL (PARTICLE DEPOSITION) 

Like the process of resuspension, extensive experiments have been performed 

in attempts to characterize the physics of particle deposition. However, 

according to Sehmel (1984), ",,,the results from these experiments have not 

been generalized, because of experimental imcertainties and liniited data." 

What is known in general about deposition phenomena is that total 

deposition rates depend upon particle size and airborne concentration, the 

aerodynamic roughness length over the depositing surface and the terrain 

over which deposition occurs. In general, large particles tend to be 

deposited nearer to their source locations than do smaller particles, with 

smaller particles therefore having longer residence times in the 

atmosphere. 

Additional variables which affect deposition rates are particle density and 

shape, wind speed, and the type of depositing surface (e.g., vegetation 

will likely intercept and retain greater numbers of particles than flat 

surfaces). Deposition of asbestos within Alviso may be an inportant 

phenomena in that it is plausible to believe that asbestos suspended from 

suspected primary asbestos sources may have been deposited in somevhat 

random fashion throughout the area. Additional resuspension of asbestos 

from these deposits may t hen act as secondary sources of asbestos and 

locally mask the effects of vdiat were once the primary source regions, 

6.3.3 EFFECTS OF RESUSPENSION AND DEPOSITION ON AIRBORNE 

CCNCENTRATICN AND EXPOSURE 

In Section 6.2.1 it has been established that the rate of resuspension of 

soil particles should increase with the cube of tJie wind speed above the 

wind threshold at which resuspension is initiated. It is also known from 

sinple mass concentration arguments that given a consistant rate of 

emission of a contaminant, atmospheric concentrations are inversely 

proportional to wind speed, since concentrations decrease w i t h increasing 

dilution. The end results of these two competing relationships are that: 
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o If the sole contributor to ambient asbestos concentrations is 
wind erosion, one would expect niarked increases (roughly 
proportional to the square of the speed) in ambient asbestos 
concentrations at speeds above the erosion threshold, as long as 
tJie amoimt of erodible material (e.g. the emission rate) remains 
constant, and 

o At wind speeds below the threshold, wind erosion contributes 
nothing to t h e ambient concentration. If ambient loadings are 
therefore the result of mechanical resuspension or other 
unspecified sources (e.g, automotive brake linings), local 
concentrations should decrease with increasing wind speed up to 
the threshold wind speed, because of dilution. 

The analysis of the site ambient asbestos data indicates that ambient 

asbestos fiber and structure data are not well correlated with wind speed. 

Some of the highest concentrations occurred with very low wind speeds v^ile 

other high concentrations were associated with moderate (>15 nph) wind 

speed events. This result suggests, but does not prove, that within the 

wind speed ranges observed, wind erosion is not tJie most significant 

contributor to airborne asbestos loadings in Alviso. This result also 

suggests that if local airborne asbestos loadings are indeed a result of 

site sources, mechanical disturbances and hunian activities may play more 

significant roles in contributing to resuspension and local concentrations 

tJian wind. 

Analysis of total suspended particulate and PM-10 particulate data at 

Alviso also showed a lack of strong dependence on wind speed. This result 

further suggests that factors other than wind erosion may be the roost 

significant contributors to airbome loadings of surface materials and 

associated contaminants. 

6.4 SUMMARY 

It appears that the occurrence of asbestos in ambient air in is not 

regularly resuspended and redeposited solely by the action of the wind. As 

explained in the preceding discussion, such a mechanism would be expected 

to lead to airborne asbestos concentrations which increase rapidly with 

increasing wind speed; such a dependence on wind speed was not observed. 
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As discussed in Section 5.0, on the majority of sanpling days asbestos 

concentrations at the in-town stations were similar to the upwind statipn. 

However, on 10 percent of the sanpling days, the in-town concentrations are 

clearly higher than upwind. No pattern in the high concentrations was 

observed, related to weather or time of sanpling. The results suggest that 

under some conditions, higher concentrations are observed within Alviso 

than upwind of Alviso. The suggestive evidence that particulates are 

roughly proportional to asbestos (Section 5.0) inplies that short-term soil 

disturbances witJiin t h e community are responsible for elevated asbestos in 

air. 

While limitations in data quality, the variability in analysis methods, and 

the absence of data from high wind speeds make firm conclusions impossible, 

the results suggest t h a t : 

o Wind erosion of contaminated soil is not a major contributor to 
high airborne concentrations; 

o Sources of asbestos are variable and dispersed through the town 
of Alviso, rather than concentrated in a few highly localized 
areas; 

o Asbestos concentrations occur throughout the area and are roughly 
correlated with levels of general particulate pollution; 

o Occasionally, much higher asbestos concentrations occur within 
Alviso; the cause or location of these sources cannot be defined 
from t h e available air monitoring data. Because of their 
localized and short-term character, it is plausible that these 
concentrations are related to local human activities, vehicle 
traffic, mechanical soil disturbance, or similar activities. 
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SECTION 7.0 

RISK ASSESSMENT 



7.0 RISK ASSESSMENT 

7.1 INTRODUCTION 

This Risk Assessment addresses the potential human health and environmental 

impacts associated with the site under the no-action alternative, that is, 

in the absence of remedial (corrective) action. Evaluation of the 

no-action alternative is required under Section 300.68(f)(v) of the 

National Contingency Plan (NCP). 

The widespread presence of asbestos at the South Bay Asbestos site may be 

of concern to human health and the environment. The purpose of this Risk 

Assessment is, therefore, to evaluate the potential for adverse effects to 

humans and the environment at the South Bay Asbestos site. The reader 

should, however, be aware that the exposures to asbestos treated in this 

report are of both a continuous and an episodic nature. For example, 

asbestos may become entrained in air v^en some soil-disturbing activities 

are undertaken (e.g., a child playing) and may result in intermittent 

episodic inhalation exposures. During these intermittent activities, 

direct soil contact may also occur resulting in incidental ingestion of 

asbestos-contaminated soil. However, the overall probability of episodic 

exposure is rather low compared to daily inhalation exposure to ambient 

levels of asbestos in air. 

The risk assessment is organized as follows: Section 7.2 summarizes the RI 

sanpling results by environmental media to identify site-related chemicals 

that will be evaluated in this analysis. In Section 7.3, Exposure 

Assessment, the potential hunian exposure pathways of greatest concern will 

be identified for detailed analysis. The exposure point concentrations for 

these pathways will also be presented. Section 7.4 presents the Hazard 

Identification in which the potential health effects associated with 

exposure to asbestos are discussed, along with the quantitative health 

criteria used in the risk assessment. In Section 7.5, Risk 

Characterization, concentrations of chemicals in sanpled environmental 

media will be conpared with Applicable or Relevant and ^propriate 

Requirements (ARARs). in addition, the potential exposures through the 
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identified pathways will be quantified where possible, and the estimated 

exposure levels will be combined with the health criteria presented in 

Section 7.4 to estimate potential risks. Section 7.6 will present an 

ecological risk assessment for the South Bay Asbestos site. Section 7.7 

will discuss the uncertainties associated with the risk assessment. 

Conclusions to the risk assessment are presented in Section 7.8. 7"vo 

Appendices are also associated with this risk assessment. ,?̂ pendix K is a 

detailed discussion of the human health and environmental inpacts of 

exposure to environmental levels of asbestos. 

7.2 IDENTIFICATION OF SITE RELATED CHEMICALS 

Earlier sections of this report discussed site background information and 

the results of the investigations in detail. A summary of all site 

sanpling programs is provided in Section 2.0. The results of sampling 

efforts performed at the South Bay Asbestos site, primarily those for the 

RI but also some previous analyses (e.g., DHS and WCC soil results and DHS 

air results), are summarized again in this section to identify chemicals to 

be evaluated in detail in this risk assessment. Sanpling results are 

presented below by environmental medium (air, soil, surface water/sediment, 

and groimdwater). 

Data are summarized for each medium by presenting frequencies of detection, 

concentration ranges or geometric means and maximum detected values of each 

chemical. The following guidelines were used in evaluating data: 

o To calculate the geometric mean for a medium in which a chemical 
was positively detected in one or more sanples, non-detects were 
included in the mean by using one-half of each sample-specific 
detection liniit. Where sample-specific detection limits were 
unavailable, one-half of the EPA's Contract-Required 

^Geometric means rather than arithmetic means were calculated because 
collections of environmental concentrations tend to be log-normally 
distributed (Dean 1981, Ott 1988). When data follow a long-normal 
distribution, the geometric mean is a more robust estimate of central 
tendency than the arithmetic mean. 
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Quantification Limit (CRQL) was used. This arbitrarily-selected 
value (one^half) is commonly assigned to non-detects when 
averaging data for risk assessment purposes, since the actual 
value can be between zero and a value just below the detection 
limit (Vollmerhausen and Turnham 1988). 

o Sanple concentrations of certain inorganic chemicals were 
conpared with those levels considered to be naturally occurring 
in order to determine if the detected levels were elevated above 
background. In comparing inorganic results with naturally 
occurring levels, a straight conparison of site soil results with 
available regional soil backgroimd values was made. In addition, 
a conparison of site surface water results with available 
regional surface water qualit was made. Sample levels vdiich were 
within these background ranges were considered to be present at 
naturally occurring levels and were not further evaluated. 
Available backgroimd data for inorganic chemicals in soil and 
surface water are presented in Table 7-1. 

o Concentrations reported for duplicate sanples at a given sanpling 
point were first averaged by calculating a geometric mean of the 
seunple emd its associated duplicate. If this geometric mean was 
below the sanple detection liniit, the sanple was treated as a 
non-detect. 

o Soil sanples collected by Cal/OSHA, WCC, EPA and E&E were 
emalyzed using PLM methods for asbestos (Section 3.3); the 
detection limit for this method is one area%. Soil samples 
collected by DHS and CDM were analyzed by PLM using a different '̂. 
sanple preparation method developed by Steve Hayward of DHS. 
This method has a detection limit of 0.01 area% asbestos; 
however, in the CDM data, no results less than one area% were 
reported. Therefore, for all data except the DHS data, the value 
used for non-detected sanples was set at 0.5 area%. 

o The majority of the data collected prior to the RI was not 
emalyzed using EPA's Contract Laboratory Program and therefore, 
was not subject to EPA's data validation process. For this 
reason soil sanples from Cal/OSHA, EPA, and WCC, which are used 
in this assessment, should be considered preliminary. 

7.2.1 AIR 

Previous Investigations 

Numerous air sanpling programs have been conducted at the site. 

Preliminary investigations conducted between 1983 to 1987 documented the 

presence of asbestos at the site. The results of these investigations are 

discussed in Section 2.3 and are presented in Appendix D. As part of the 
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Phase I RI, ambient air sanples were collected at five sampling stations 

from July 27 to October 31, 1987. For the Phase I investigation, a total 

of 150 24-hour and 70 episodic sanples were submitted for Transmission 

Electron Microscope (TEM) asbestos analysis using the direct method of 

preparation. The Phase I sanpling and analysis methodologies are presented 

in Sections 3.1 and 3.3. The results of the Phase I data analysis are 

presented in Section 5.0. Results of the Phase I investigation further 

confirmed the presence of asbestos at the site. However, the analytical 

data provided by the Phase I investigation were not of sufficient quality 

to perform a quantitative risk assessment. It would be inappropriate to 

estimate exposure point concentrations using the Phase I data for the 

following reasons: asbestos was detected too infrequently, the potential 

for blank contamination in some air sanples, the possible underestimation 

of asbestos levels due to the presence of calcium sulfate particles on the 

filters, and overall uncertainty in data associated with the laboratory 

analysis. 

Phase II Investigation 

The Phase II investigation involved the reanalysis of a portion of the 

sanples archived from Phase I. The sanples were submitted to a different 

laboratory for TEM emalysis, using the indirect method of prueporation. 

Both 24-hour average and episodic (4- to 12-hour average) samples were 

collected. These sanples were collected at five sanpling stations between 

July 27 and October 31, 1987, Sanpling station 1 was located northeast of 

the site at the Environmental Education Center, generally upwind of Alviso 

due to prevailing northwesterly winds. Stations 2-4 were located in Alviso 

on-site. It should be noted that station 2 was located near two known or 

suspected sources of asbestos, the truck yards and State Street. Station 5 

was located about two miles southeast of Alviso, generally downwind of the 

site. The location of the sanpling stations and the sanpling technique are 

fully described in Section 3.1,1, A summary of the results of the indirect 

analysis is shown in Table 7-2 in Phase Contract Microscope equivalent 

(PCMe) structures/ni3 concentrations, A PCMe structure is an asbestos 

structure (a contiguous grouping of asbestos fibers) with an aspect ratio 

greater than or equal to 3:1, longer than 5 um, and v^ich has a mean 

diameter between 0.2 um and 3.0 um. 
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The Phase II indirect data are considered to be most appropriate for use in 

this risk assessment for the following reasons: 

o The coimting rules for PCMe structures for the Phase II 
reanalysis were representative of the concentration of PCM fibers 
that would have been measured in the original epidemiological 
studies. The asbestos counting rules used in the original 
occupational epidemiology studies with PCM were to count all 
fibers (an elongate particle which has parallel or stepped sides) 
longer than 5 um in length with an aspect ratio of 3:1 or 
greater. The resolution of PCM also limits structures counted to 
those thicker than approximately 0.3 um in diameter); 

o The indirect methodology used for determining PCMe structures in 
the Phase II reanalysis was more precise and sensitive than the 
direct methodology used in the Phase I analysis; and 

o The results and validation procedures of the Phase II indirect 
data were of sufficient quality to perform a quantitative risk 
assessment. 

Conparison of On- and Off-Site Concentrations 

A limitation of these air monitoring results stems from the inability to 

clearly emd consistently differentiate between backgroimd ambient asbestos 

levels and site-related levels of asbestos. The concentrations used to 

estimate exposures in a site-specific risk assessment should in theory 

reflect site-specific conditions, not background conditions. Nicholson 

(1987) has stated, however, that asbestos of the chrysotile variety are 

ubiquitous in ambient air in relatively uncontaminated areas (exact 

locations unspecified). 

A wide variety of potential sources of asbestos, particularly in certain 

manufactured products, can yield airborne concentrations of asbestos 

fibers. For instance, urban areas with heavy traffic may have increased 

levels of asbestos in ambient air due to asbestos present in the brake 

linings of vehicles. In addition, serpentine rock, vAiich contains asbestos 

fibers, is naturally occurring in California and natural degradation of 

this rock may contribute to ubiquitous airborne levels of asbestos fibers. 
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Backgroimd concentrations of asbestos fibers in ambient air will vary 

depending on vhether measurements are taken in areas with naturally 

occurring and/or anthropogenic sources. Therefore, the background values 

used for study of hazardous waste sites containing asbestos must be close 

enough to the site to have similar geological and urban/rural development 

characteristics, but must also be at a sufficient distance so that airborne 

asbestos levels are not influenced by potential site emissions. Data 

collected at the Environmental Education Center (Station 1) and at various 

locations in California were used to represent local emd state backgroimd 

levels, respectively. 

Conparison with Local Background Levels (Station 1) - In accordance with an 

approach developed by EPA Region IX specifically for this site, a 

statistical comparison was made between upwind (off-site, station 1) emd 

on-site stations (stations 2, 3, and 4). If such a difference was 

observed, a quantitative estimate of ambient risk would be made for both 

on- site and upwind and downwind off-site stations. This comparison was 

performed using the Phase I data, as presented in section 5.3. 

Based on a qualitative analysis of the Phase I data conducted in Section 

5.3, it was concluded that the reported total structure concentrations at 

the in- town stations (Stations 2-4) are somevrtiat greater than 

concentrations at the upwind station (Station 1). Statistical evaluation 

of PCMe f/cni3 was not possible due to the low frequency of detection of 

asbestos. The results of a statistical paired difference analysis of 

asbestos structure concentrations (between Stations 1 and 2, 1 and 3, and 1 

and 4) in Section 5.3.2.3 suggest a significant difference between the 

in-town and upwind stations. The conclusion that there is a significant 

difference between on- and off-site concentrations, however, is uncertain 

because of the many uncertainties affecting the Phase I data and the 

limitations of the statistical analyses performed to differentiate between 

possible on-site and off-site concentrations. 

Comparison of Phase II indirect data collected at station 1 (off-site and 

upwind of the site) and on-site stations 2-4, as presented in Table 7-2, 

reveal that on-site concentrations of asbestos are much higher than 
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off-site upwind concentrations. The geometric mean concentration of 

asbestos on-site (combination of stations 2-4) was over 6 times larger than 

the geometric mean concentration measured upwind at station 1. Also, the 

niaximum concentration of 8,500 PCMe structures/m3 detected at station 2 is 

nearly ten times larger them the niaximum concentration measured up-wind (it 

should be noted, however, that station 2 is near known sources of asbestos 

contamination). 

Conparisons with Califomia Backgroimd Levels - Table 7-3 summarizes and 

compares direct preparation measured asbestos levels at the South Bay 

Asbestos site (Phase I direct TEM analysis) and ambient air samples 

collected by Science Applications Inc (also using direct TEM analysis) (SAI 

1981). The Phase II reanalysis data were based on the indirect method of 

preparation and thus are not comparable to the direct preparation results 

shown in Table 7-3. 

Science Applications Inc, (SAI 1981) collected a series of ambient air 

sanples at several locations in California. According to the California 

Air Resource Board and the DHS, the SAI data is the best available data for 

assessing asbestos contamination levels in the State of California. The 

ambient air sanples were collected in accordance with EPA asbestos sanpling 

and data validation procedures. These results are discussed in detail in a 

California Air Resources Board report (CARB, 1986). Four 4-hour sanples 

were collected at each location on a single day. Each location was 

characterized by the type of potential asbestos source, including urban, 

non-urban, industrial, and natural deposits. Urban areas were 

characterized as those with large populations and high concentrations of 

particulate matter. Non-urban areas were located away from urban centers 

and away from natural deposit areas. Industrial areas were characterized 

as those with asbestos users in industry clusters. As shown in Teible 7-3, 

the TEM total fiber concentrations measured at these California locations 

were generally greater than those nieasured at the site, although the 

maximum concentrations measured were witJiin the lower range of values 

observed at the other California sites. The reader should keep in mind, 

however, the uncertainties inherent in the Phase I direct data (see 

Sections 5 and 7.2,1 as described previously). Although the Phase I direct 
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data are not considered adequate for use in a quantitative risk assessment, 

they can be conpared qualitatively with other similar types of 

measurements. 

7,2,2 SOIL 

As noted previously, both surface and subsurface soil sanples were 

collected for the RI/FS within the South Bay Asbestos site area. Previous 

data were collected by Cal/OSHA, DHS, EPA, the City of San Jose and their 

respective contractors. Details concerning these soil sampling efforts and 

the subsequent results are found in Sections 2.0, 3.0 and 5.1 of this 

report and in Appendices 8 through I, soil sanple results. All soil 

sanples were analyzed by PLM; the standard asbestos analytical protocol has 

a detection liniit of one area percent (1 area % ) . The DHS sanples used a 

different preparation method them the standard protocol and had a reported 

PLM detection limit of 0,01 area %. Surface soil sanples were analyzed 

only for asbestos; subsurface sanples collected from former landfill areas 

were analyzed for volatile emd semivolatile orgemics, pesticides, metals 

and cyanides as well as asbestos by PLM and TEM. Asbestos is considered to 

be the most toxic and prevalent contaminant present in soils at the site. 

Therefore, although results of non-asbestos cheniical analyses will be 

discussed, this risk assessment will focus on the potential health impacts 

of asbestos on exposed individuals. 

Table 7-4 presents the surface soil sanples asbestos analysis results. 

These results are summaries of all RI/FS data and previous data combined by 

area, with the exception of the ring levee. The data collected at the ring 

levee were not included in t h i s risk assessment because the levee is 

considered a separate operable unit (EPA, 1988a) and is being remediated by 

the City of San Jose. DHS and EPA perfomied area wide sanpling in an 

effort to characterize the site. E&E data exists only for the truckyards. 

The Cal/OSHA sanples were collected from the discovery area v^ich was 

subsequently excavated then backfilled and, therefore, these data will not 

be used in this risk assessment. Descriptions of the areas sanpled are 

provided below. 

7-8 
288,14C:6 



Residential Areas 

Two major residential areas have been designated for this risk assessment, 

the town of Alviso and the Summerset Trailer Park, located to the south of 

the Guadalupe River (see Table 7-4 for results). Sample data for Alviso 

were obtained from yards and vacant lots in the area bounded by Taylor 

Street and the ring levee (at George Mayne School), Spreckles Avenue, State 

Street and Gold Street, Sanple data for the trailer park were obtained 

from curbside areas not covered by structures or vegetation. 

George Mayne School 

A total of 20 surface soil sanples were collected by EPA in December 1985 

at the George Mayne School (see Table 7-4 for results). No other samples 

have been collected because the school yard was paved by EPA as a result of 

the concentrations of asbestos detected. The potential for direct contact 

is considered to be negligible in this area, because the unpaved areas have 

been covered. 

Environmental Education Center 

A total of 23 sanples were collected at the Environmental Education Center 

located northeast of the levee and the site (see Table 7-4 for results). 

The peak concentration of 40 area% was detected in a debris pile v^ich has 

since been removed by EPA during emergency response. Concentrations 

representative of soil remaining following the removal are provided by the 

three RI sanples, all of v^ich were nondetects. 

Vacant Lots 

A total of 52 sanples were collected from vacant lots outside the 

predominantly residential portion of the community (See Table 7-4 for 

results). Most of the surface soil sanples collected in the area of local 

landfills have been incorporated into this vacant lot category or other 

relevant categories covered in this soil section. 
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Truckyards 

A total of 39 surface soil sanples were collected from local truckyards or 

immediately adjacent locations located primarily along the north side of 

State Street (see Table 7-4 for results). There has been considerable 

reanalysis of the E&E sanples from the truckyards, ar discussed in Section 

2.0. The original analysis revealed only trace amoimts of asbestos in 29 

of the 52 original samples and no asbestos in the remaining sanples. A 

second round of analysis for five of the sanples revealed levels of 

asbestos ranging from non-detectable to 19 iarea%. A final reanalysis of 19 

of the E&E sanples yielded results ranging from non-detectable to 2 area%. 

The data from the final two analyses rather than the first analysis were 

conservatively included for use in this risk assessment. 

Streets 

Unpaved streets at the site were sanpled in previous site investigations 

(see Table 7-4 for results). As a result of the initial EPA sample results 

from 1985, the unpaved portion of Spreckles Avenue was paved in 1986. All 

street dust sanples were collected from accumulated dirt in gutter areas. 

All soil sanples collected at locations on or adjacent to roads will be 

used for purposes of this assessment. 

Subsurface Soils 

As mentioned above, subsurface sanples were gathered during the RI. These 

subsurface sanples were collected at the two former landfills and the 

Marshland Landfill to characterize subsurface conditions. A total of 42 

subsurface sanples were collected with concentrations of asbestos ranging 

from non-detectable to 7 area% at a depth of 9-10.5 feet. Twelve 

subsurface landfill sanples were also analyzed for volatile and 

semivolatile organics, pesticides and PCBs, metals and cyanides (summarized 

in Table 5-5). Metals detected in subsurface sanples include aluminum, 

arsenic, beryllium, copper, chromium, nickel and zinc. All detected levels 

of inorganic conpoimds are lower than the background levels presented in 

Table 7-1 and are thus not considered to be site-related. Vinyl chloride 
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(9 ugAg)f 2-butanone (21 ugAg)f 4,4'-DDD (67.6 ugAg)/ 4,4'-DDE (126 

ugAg)f 4,4'-DDT (129 ugAg)f chloroform (9 ugAg) and 

1,1,1-trichloroethane (4 ugAg) were each detected only one time in the 12 

subsurface soil sanples. Because these contaminants were detected very 

infrequently, it is not clear vdiether they may or may not be site-related; 

however, among all the chemicals analyzed for and detected in soil, 

asbestos is considered to be both the most prevalent and of greatest 

potential concern to human health. 

7.2.3 SURFACE WATER AND SEDIMENTS 

During the RI, surface water and sediment seunples were collected from the 

Guadalupe River upstream and downstream of vrtiere it passes through the 

former Santos Landfill. These sanples were analyzed for asbestos and 

volatile and semivolatile organics, pesticides and PCBs, metals and 

cyemide. Two surface water sanples were collected; in addition to 

asbestos, aluminum, vanadium, potassium, sodium and magnesium were 

detected. Downstream water concentrations of all inorganic contaminants 

including asbestos were less than upstream concentrations for all 

contaminants except aluminum. Upstream and downstream water 

concentrations of total asbestos fibers were 3,266 million fibers/liter 

(MF/L) and 2,600 MF/L, respectively. The downstream sanple had 50 MF/L of 

fibers greater than 10 um in length. The aluminum concentration of 73 ug/L 

is greater than regional background of 10 ug/l and therefore, may be 

site-related; however, insufficient data exist to evaluate this further. 

Bis(2-ethylhexyl)phthalate was detected in the downstream surface water 

sanple at a concentration of 16 ug/L; it was not detected in the upstream 

sanples. Bis(2-ethylhexyl)phthalate is a common laboratory contaminant; 

therefore, this value may be an artifact of the analysis rather than 

indicative of on-site conditions. In the South Bay area, asbestos is 

considered to be of greater potential concern to human health than these 

chemicals, and thus they will not be considered further. 

One upstream and three downstream sediment sanples were collected. For 

sediment sanples, the downstream concentrations of inorganics did not 

exceed twice t h e upstream concentrations and therefore, these contaminants 
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are not considered to be site-related. No organic contaminants were 

detected in sediment sanples. Asbestos was not detected in upstream 

sediments and only trace amounts (i,e., <1 area%) were detected in 

downstream sediments. 

7.2.4 GROUNDWAT:^ 

As part of the RI, five groundwater monitoring wells were installed in 

locations near the former landfills. Sanples were collected from both 

these wells and five existing wells at the Marshland Landfill. Two rounds 

of sanpling were performed at the RI wells and one round at the Marshland 

wells. Sanples were analyzed for asbestos as well as the entire target 

compoimd list (TCL) chemicals. Groimdwater sanple results are summarized 

in Table 7-5. 

Chemicals found in groundwater include asbestos, naturally occurring 

inorganic conpoimds, as well as a few organic conpoimds. Most of the 

organic conpounds detected in groundwater sanples were also found in 

rinsate blanks or field blanks and therefore they may be laboratory 

contaminants rather than indicative of groundwater conditions. 

Groimdwater in the site area is saline due to intrusion by the Bay. There 

are no known uses of groimdwater in the South Bay Asbestos site area. 

Based on this infomiation as well as the low concentrations of chemicals 

detected, CDM, under Phase II of the RI, abandoned the monitoring wells at 

the request of EPA Region IX. Abandonment was conducted in accordance with 

Santa Clara County and Califomia Department of Natural Resources sealing 

requirements. 

7.3 EXPOSURE ASSESSMENT 

In this section an exposure assessment will be conducted for the site. The 

complexity of exposure at the South Bay site to asbestos, the only chemical 

consistently detected across all sanpled environmental media and selected 

for detailed evaluation, requires a series of simplifying steps. In this 

report, we follow a general approach to exposure assessment which has been 
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developed by specialists in this field and has been codified in general 

ternis by the EPA (EPA 1986b,c,d,e). In this approach, exposure assessment 

is conducted in two general steps. The first step is a pathway analysis in 

which the exposure pathways most likely to be significant are extracted 

from a list of all possible pathways. This screening process is necessary 

to focus the assessment on the most significant exposure pathways and is 

justified by experience, which shows that in most circumstances exposure 

via a few exposure pathways dominates estimates of potential risks. 

The second step is a detailed assessment of the exposures detemiined to be 

of potential concern. For each of these exposures, an exposure scenario is 

developed based on assunptions about the environmental behavior and 

transport of asbestos, and the extent, frequency, and duration of 

exposures. These factors are used to predict potential intakes of asbestos 

for both an average and a maximum plausible exposure case. 

7.3.1 POTENTIALLY EXPOSED POPULATIONS 

Based on 1980 census infomiation, approximately 1,870 individuals reside in 

Alviso (Section 4.6 and Aqua-Terra, 1986). The Alviso population is highly^ 

mobile; among those residing in Alviso in 1980, only 38% were living in 

Alviso in 1975. In 1980, approximately 10% of the population were under 

five years of age emd 4.5% were over 65 years of age. Thirty-two percent of 

the population in 1980 was between five and 20 years of age (Western 

Economic Research Co. 1980 as cited in Aqua-Terra 1986). 

There are several groups of persons who may potentially be exposed to 

contaminants originating at the South Bay Asbestos site. Since asbestos 

has been found throughout the community, Alviso residents as well as 

children who attend the George Mayne School are potentially exposed 

populations. Residents, especially children, may frequent the 

non-residential portions of Alviso (e.g., vacant lots). Workers enployed 

at the fifteen unpaved truckyards in the site area may be exposed 

occupationally, but exposure to workers will not be estimated since the 

protection of worker health is the responsibility of the Occupational 

Safety and Health Administration (OSHA), not EPA. 
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7.3.2 IDENTIFICATION OF EXPOSURE PATHWAYS 

The purpose of this section is to identify the most significant potential 

pathways through vhich humans may be exposed to asbestos at the site. An 

exposure pathway is conposed of the following four elements (EPA 1986c): 

(1) A source and mechanism of cheniical release to the environment; 

(2) An environmental transport medium (e.g., air) for the released 
cheniical, and/or a mechanism of transfer of the cheniical from one 
medium to another (e.g., deposition of particles onto soil); 

(3) A point of potential contact of humans or biota with the 
contaminated medium (the exposure point); and 

(4) An exposure route (e.g., inhalation) at the exposure point. 

All four elements must be present for a pathway to be considered conplete. 

In the risk assessment, exposure pathways are identified for the no-action 

(existing condition) alternative, that is, assuming no site remediation 

occurs. This means that no limits on site access or use, such as fences, 

paving, polymer applications, or soil cover, would be instituted. Under 

these conditions, it is possible that individuals could repeatedly contact 

potentially contaminated areas emd engage in activities resulting in 

exposures to asbestos. 

There are two general routes through which individuals may be exposed to 

asbestos at South Bay Asbestos site: inhalation emd ingestion. 

Experimental and epidemiological studies indicate that inhalation exposures 

to asbestos are of greatest potential concem to human health (see Asbestos 

Toxicity Profile, Appendix K). While not of primary inportance, ingestion 

exposures to asbestos may also be associated with an increased risk of 

cancer (see Appendix K). These ingestion exposures include direct ingestion 

of soil contaminated with asbestos and indirect ingestion of asbestos which 

has been inhaled. Dermal contact and subsequent absorption is not an 

exposure route of concern at South Bay Asbestos site since asbestos is not 

likely to be absorbed through the skin. 
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Inhalation Pathways 

Individuals may inhale asbestos fibers which are present in ambient air and 

asbestos fibers present due to specific activities which stir up fibers. 

These pathways are discussed further below. 

Inhalation of Asbestos in Ambient Air. Asbestos present in soil may act as 

a source of asbestos in ambient air as a result of mechanical disturbances 

(e.g., vehicle traffic on unpaved surfaces, biking on levee, etc.) and/or 

as a result of wind erosion. Individuals residing in Alviso and nearby 

areas may thus be exposed to ambient airbome asbestos. As described in 

Sections 5.3 and 7.2,1, ambient concentrations of asbestos were detected in 

both on-site and off-site areas by the air monitoring conducted during the 

RI and by DHS in 1983-1984. Thus, the exposure pathway consisting of 

inhalation of ambient airborne asbestos is conplete and will be evaluated 

in this risk assessment. 

Of the available RI ambient air results, the Phase II indirect data are 

considered to be most appropriate for use in this risk assessment because 

the data were analyzed using a more representative and sensitive counting 

procedure and the results were of sufficient quality (as discussed in 

Sections 5.3 and 7.2.1). Table 7-2 summarized the PCMe structures/ni3 

concentrations derived by indirect preparation. 

Averaging Time for Air Concentrations. To evaluate risks associated with 

chronic inhalation of asbestos in ambient air, long-term annual average 

concentrations should ideally be used as exposure point concentrations. 

The longest sanpling periods for Phase II ambient air were 24-hour 

averages. Because of the few numbers of Phase II indirect sample results 

available, however, both 24-hour average emd episodic (4- to 12-hour 

averages) sanples were used in this risk assessment to estimate exposure 

point concentrations. Although there is uncertainty in these estimates, 

estimated exposure point concentrations represent conservative upper-bound 

estimates of the actual long-term annual average concentrations because of 

the inherent bias in the sanpling data (i.e., the episodic samples were not 
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randomly collected, but rather correspond to specific wind conditions; and 

some sanples were collected near known or suspected sources of asbestos 

contamination [i.e., station 2]). 

Conversion of Phase II indirect Air Concentration Units. The asbestos 

dose-response relationship available for use in risk assessment is deri "ed 

for exposures expressed in Phase Contrast Microscopy equivalent (PCMe) 

fibers/m3 as detemiined by the direct TEM method. For the Phase II 

indirect data shown in Table 7-2 to be used in risk assessment, the 

indirect concentrations must be converted to equivalent direct 

concentrations. 

Such an indirect to direct conversion has been difficult to develop, due to 

the lack of a consistent relationship between direct and indirect asbestos 

analyses. The method of sanple preparation differs significantly, as well 

as detection limits and sensitivities. As described in Section 5.3, for 

example, the Phase I direct asbestos structure concentrations did not 

correlate witJi the Phase II indirect structure concentrations. The 

potential correlation between PCMe fiber concentrations analyzed using 

Phase I direct emd Phase II indirect methodologies could not be analyzed 

due to the low frequency of PCMe detection in the Phase I direct analysis. 

A conparison between the three sanples analyzed in Phase II using the 

direct method (a larger area of each filter was examined compared to Phase 

I) with the three matching indirectly analyzed sanples did, however, yield 

a good correlation for PCMe structure concentrations (r2 = 0.99). This 

correlation was, however, based on only three data points; for the same 

three pairs of sanples, no correlation was observed for the other reported 

measures of asbestos concentrations (e.g., PCMe f/cni3) in Phase II. 

In conclusion, the available site-specific data that were anticipated to 

provide a conversion from indirect asbestos concentrations to direct 

concentrations were considered inadequate for use in this Risk Assessment. 

Instead, for the purposes of this analysis a range of potential conversion 

factors were used based on EPA's Environmental Service Assistance Team's 

(ESAT) preliminary review of infonnation from the scientific literature 

(ESAT, 1988). ESAT (1988) has suggested the use of a conversion factor 
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range from 2 to 30 (with both factors being equally possible) based on the 

liniited nuniber of available studies reviewed to date and discussions with 

several experts in the field (Sebastien, 1986, Chatfield, 1986, Chatfield, 

1983, Cook and Markland, 1980, Chatfield, 1988, Baxter, 1988, Chesson, 

1988). ESAT (1988) stresses that this conversion factor range is 

preliminary and may change pending conpletion of a more comprehensive data 

review. However, the order of magnitude uncertainty in these factors is 

unlikely to be higher than the uncertainty associated with other data also 

used to estimate potential risks. Also, conservative estimates were used 

to derive this conversion factor range in order to ensure that exposure 

point concentrations would not be underestimated. 

Thus the PCMe structure concentrations from the Phase II indirect 

reanalysis cem be divided by the conversion factors to produce an estimate 

of the equivalent PCMe direct structure concentrations. These PCMe direct 

structure concentrations can then be used in the risk assessment based on 

the assunption that they are most likely to be representative of actual PCM 

f/m3 (units used in epidemiological studies). 

Table 7-6 presents the ambient Phase II indirect and equivalent direct PCMe 

asbestos structure concentrations using the 2-30 conversion factor range. 

These average and niaximum equivalent direct concentrations will be used as 

exposure point concentrations for this risk assessment. 

Inhalation of Asbestos During Soil-Disturbing Activities 

Exposure to ambient asbestos can occur via inhalation of asbestos during 

soil-disturbing activities in which asbestos is resuspended from soil into 

the air. Several activities that may be undertaken frequently in the South 

Bay Asbestos Area include children playing in soil, children and teenagers 

biking on soil, vehicle traffic in unpaved areas, and adults gardening and 

landscaping. 

Evaluation of this pathway is of inportance because concentrations of 

asbestos generated during some activities can exceed ambient air 

concentrations by as much as several orders of magnitude. Thus, although 
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activity-related asbestos exposures are of short duration in comparison to 

long-term inhalation of contaminated ambient air, activity-related 

exposures could potentially result in cumulative asbestos exposures of 

concem to human health. Potential activity-related exposure scenarios for 

the South Bay Asbestos site are presented below. 

Activities in Residential Areas. Some residential yards in the South Bay 

Asbestos site are partially unvegetated, and children play and ride 

bicycles in these areas. Children playing in their yards may inhale 

asbestos which becomes airborne during play activities. Adults in this 

area may engage in gardening and landscaping activities and may inhale 

asbestos fibers v^ile doing these activities. 

Activities in Unpaved Areas. Other activities that can resuspend 

significant quantities of asbestos from soil into air involve vehicle 

traffic on unpaved areas such as truckyards, bike riding on vacant lots and 

construction activities at sites v^ere asbestos is present in soil. 

Although there have been unpaved roads on site in the past, all roads are 

currently paved (with the exception of the O'Neill Tract roads v^ich were 

found to have no asbestos). The principal unpaved areas with vehicle 

traffic in the South Bay Asbestos site are the truckyards, which are of 

particular concern since much onging traffic activity takes place at these 

locations. Truck traffic may pose a greater risk than automobile traffic 

due to the heavier weight of trucks and therefore, increased ability to 

generate dust. The asbestos fibers stirred up by truck traffic may be 

inhaled by truckyard personnel and by persons living downwind from the 

truckyard. 

Unpaved non-residential areas of the South Bay Asbestos site include 

truckyards and vacant lots. Soil concentrations of asbestos range from a 

geometric mean concentration of less than 1 area% in the truckyards and 

vacant lots to a maximum concentration of 19 area% for truckyards and 10 

area% for vacant lots. 

Department of Health Services Experiments. In 1985, DHS perfonned 

activity-related experiments for four scenarios: a worst-case scenario 
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where asbestos-contaminated soil was thrown in front of a fan, a vehicle 

scenario, a playing scenario and a gardening scenario. Few data were 

collected as part of these experiments and furthermore these data were not 

validated. As a result, data from the DHS experiments is subject to 

considerable uncertainty. The DHS results for specific exposure scenarios 

were not considered :*:or use in this assessment because of the lack of 

quality assurance. However, the available data from the DHS vehicle 

experiment will be used in this assessment because of somewhat more 

rigorous experimental controls. Workers at truckyards and residents living 

adjacent to the truckyards on State Street and other areas may be exposed 

to asbestos generated as a result of semi-truck traffic on these yards. 

The exposure to workers was not quantified, however, because workers are 

already protected under OSHA. 

In the DHS vehicle study, a pick-up truck was driven along an unpaved 200 

foot stretch of Spreckles Avenue (now paved) at a speed of approximately 20 

miles per hour (Aqua-Terra 1986). Air sanples were collected at upwind and 

downwind locations with sanplers placed four feet above ground surface; a 

sanpler was also attached to the rear view mirror. No sanples were 

collected beyond the edge of the road. Soil sanples collected during the 

actual DHS experiment were reported to contain 3-5 area% asbestos using 

PLM. Based on the liniited soil data, the value of 3 area% will be 

conservatively used to generate the scaling factor of air concentration to 

soil concentration (ECa/ECs) for vehicle activities. In order to determine 

the air concentration to be used in deriving this scaling factor, the 

upwind concentration was subtracted from the downwind concentration prior 

to calculating the factor. Then this factor was doubled to adjust for the 

significantly greater weight of the semi-trailer trucks used in Alviso in 

conparison to the weight of the pickup truck used in the DHS experiment. 

The resulting ECa/ECs scaling factor of 0.062 was used to calculate air 

concentrations from asbestos-containing soil during heavy truck traffic. 

The vehicle exposure point concentrations are 1.18, 0.62, and 0.19 PCM 

f/cm3 for residents exposed to asbestos via inhalation originating from the 

truckyards, roadways, and street dusts, respectively. The DHS air 

concentration measurements were based on PCM direct analysis and are 
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presented in units directly conpareible to the asbestos dose-response 

information (i.e., no conversions are necessary). The reader should keep 

in mind that the exposure point concentrations are probably overestimates 

of the true exposure concentrations. A conservative approach is used to 

ensure that the associated risks are not underestimated. 

7.3.3 INGESTION PATHWAYS 

In addition to inhaling asbestos fibers generated during various activities 

in yards, children and adults may directly contact and subsequently ingest 

asbestos-contaminated soil adhering to hands, toys, gardening tools, etc. 

Inadvertent ingestion of asbestos in soil is most likely to occur in young 

children, although exposures could possibly occur among adults who engage 

in activities involving soil contact such as farming or gardening. 

Children are considered more likely to engage in activities resulting in 

soil contact than adults. Activities potentially resulting in exposures to 

on-site asbestos in soil by children include playing in residential and 

non-residential (vacant lots) and walking to and from school. Since 

asbestos has been detected in soil throughout the community, in the yards 

of local residences and trucking firms, adults may also be exposed to 

asbestos. Therefore, in this risk assessment, asbestos exposures for two 

populations via incidental soil ingestion will be evaluated: 1) children 

who play in non-residential portions of the community (i.e., vacant lots), 

and 2) residents of Alviso and the Summerset Trailer Park. 

Areas v^ere soil exposures are most likely to occur under present site use 

conditions include contaminated soil areas within Alviso, local truckyards 

and the Summerset Trailer Park. In the future, exposure to potentially 

contaminated areas on site could increase, if current asbestos containment 

measures were removed (i.e., road pavement). Use of potentially 

contaminated areas could enhance erosion, and potentially increase hunian 

exposure to asbestos in soil. Thus in the future with no site remediation, 

both the magnitude of potential exposures and the size of the potentially 

exposed population via incidental soil ingestion could increase. 

7-20 
288.140:6 



The exposure point concentrations to be used to evaluate exposures via soil 

ingestion were based on surface soil measurements taken in both on-site and 

off-site areas where exposures may potentially occur (see Table 7-4). The 

surface soil concentrations used to evaluate this pathway have been 

reported in PLM percent by area units. For the purposes of providing an 

indication of potential risks associated with ingestion of this chemical 

from soil, it was assumed that the percent asbestos soil concentrations by 

area equaled their percent concentrations on a mass basis. The RI data 

show that PLM and TEM soil percentages differ somewhat but are comparable 

(see Section 5.1). 

Surface water ingestion is not considered to be a conplete pathway because 

individuals are not known to engage in recreational or play activities in 

the Guadalupe River. 

7,3.4 SUMMARY OF EXPOSURES TO BE QUANTITATIVELY EVALUATED 

Based on the discussion above, the following exposure pathways will be 

evaluated in detail in this risk assessment. These pathways were selected 

based on their likelihood and frequency of occurrence, and on their 

potential for generating asbestos levels in air that may be of concern to 

human health. 

o Lifetime exposure of residents by inhalation of ambient air; 

o Lifetime exposure of residents by inhalation of airborne asbestos 
generated t^ trucks in unpaved truckyards; 

o Exposure of children by direct contact with and subsequent 
incidental ingestion of asbestos-contaminated soil in non
residential areas (i.e., vacant lots); and 

o Lifetime exposure of residents by incidental ingestion of 
asbestos-contaminated soil during outdoor activities. 

7.4 HAZARD IDENTIFICATION 

In this section of the South Bay risk assessment, the potential human 

health effects of asbestos (the only chemical selected for evaluation based 
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on review of chemical concentrations in various media [Section 7.2] and on 

evaluation of exposure pathways [Section 7.3]) will be reviewed, and the 

availeible toxicity criteria that can be used in a quantitative risk 

assessment will be presented. The section begins with a general discussion 

of how chemicals are classified for purposes of a risk assessment. 

7.4,1 CLASSIFICATION OF HUMAN HEALTH EFFECTS 

For hazard identification purposes in a risk assessment, individual 

chemicals are separated into two categories of toxicity depending on 

vhether they exhibit noncarcinogenic or carcinogenic effects. For 

chemicals that exhibit carcinogenic effects, most authorities recognize 

that one or more molecular events can evoke chemges in a single cell or a 

small number of cells that can lead to tumor formation. This is the 

non-threshold theory of carcinogenesis vrtiich purports that any level of 

exposure to a carcinogen can result in some finite possibility of 

generating the disease. The hypothesis that no threshold exists for 

carcinogens is not yet proven; however, regulatory agencies generally 

assume the no-threshold hypothesis for carcinogens imless sufficient data 

on the chemical's mechanism of action are available. 

EPA's Carcinogen Assessment Group (CAG) has developed cancer potency 

factors for estimating the upper kxjund excess lifetime cancer risks 

associated witJi various levels of lifetime exposure to potential hunian 

carcinogens. Upper bound is a term EPA uses to indicate that risks 

estimated using these cancer potency factors, which are very conservative, 

are unlikely to be underestimated but may very well be overestimated. The 

cancer potency factor is usually expressed in units of mg cheniical per kg 

body weight per day or (mgAg/day)~^ • Por asbestos, unit risk factors 

expressed as liters of water/fiber or ml of *air/fiber may also be used. In 

practice, cancer potency factors are derived from the results of hunian 

epidemiological studies or chronic animal bioassays. Dose-response data 

derived from hunian epidemiological studies are fitted to dose-time-response 

curves on an individual basis. The data from animal studies are fitted to 

the linearized multistage model and a dose-response curve is obtained. The 

slope of the dose-response curve is subjected to various adjustments and an 
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interspecies scaling factor is applied to derive the cancer potency factor 

for humans likely to be exposed at lower doses than the animals. These 

models provide rough, but plausible, estimates of the upper limits on 

lifetime risk. By using very conservative assunptions in deriving these 

cancer potency factors, the actual risk is unlikely to be higher than the 

estimated risk but could be considerably lower. 

In addition, tJiere are varying degrees of confidence in the weight of 

evidence for carcinogenicity of a given chemical. EPA (1986b) has proposed 

a system for characterizing the overall weight of evidence for a chemical's 

carcinogenicity based on the availeibility of animal, human, and other 

supportive data. The weight-of-evidence classification is an attenpt to 

detemiine the likelihood that an agent is a human carcinogen and thus 

affects the estimation of potential health risks. Three major steps are 

followed in characterizing the overall weight of evidence of 

carcinogenicity: (1) the quality of the evidence from hunian studies and 

(2) the quality of evidence from animal studies vrtiich are combined into a 

characterization of the overall weight of evidence of hunian 

carcinogenicity, and then (3) other supportive information v^ich is 

assessed to detemiine vhether the overall weight of evidence should be 

modified. EPA's classification of the overall weight of evidence has five 

categories: 

Group A—Human Carcinogen 

This category indicates that there is sufficient evidence from 
epidemiological studies to support a causal association between an 
agent and cancer. 

Group B—Probable Hunian Carcinogen 

This category generally indicates that there is at least limited 
evidence from epidemiological studies of carcinogenicity to humans 
(Group Bl) or that, in t h e absence of adequate data on humans, 
there is sufficient evidence of carcinogenicity in animals (Group 
82), 

Group C—Possible Human Carcinogen 

This category indicates that there is liniited evidence of 
carcinogenicity in animals in the absence of data on humans. 
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Group D—Not Classified 

This category indicates that the evidence of carcinogenicity in 
animals in inadequate. 

Group E—No Evidence of Carcinogenicity to Humans 

This category indicates that there is no evidence for 
carcinogenicity in at least two adequate animal tests in different 
species or in both epidemiological and animal studies. 

7.4.2 RANGE OF POTENTIAL HEALTH EFFECTS FOR ASBESTOS 

The available health criteria for asbestos (cancer potency factors) are 

included in the summary of potential health effects associated with 

exposure to asbestos presented below. See Appendix K for an indepth 

discussion of the health effects for asbestos. 

Deposition and absorption of asbestos fibers in the body can be influenced 

by fiber characteristics such as fiber length, fiber diameter, aspect ratio 

(ratio of length to diameter), fiber number, stability of fibers in the 

body, surface chemistry of the fiber, interactions between fibers and other 

surfaces, fiber translocation and migration, overall fiber dose, and fiber 

type (Schneiderman et al. 1981). Specific data relating individual 

asbestos type and physical characteristics of the fiber with biological 

activity via ingestion are lacking. Following inhalation, there is some 

evidence to suggest a relationship between asbestos fiber dimension and 

carcinogenic potential. This is known as the Stanton Hypothesis and is 

based on correlations between pleural sarcomas in rats and dimensions of 

fibers in addition to human epidemiologic data (Stanton et al. 1981). 

Long, thin fibers (> 5 microns in length, aspect ratio >3) appear to elicit 

the greatest biological response. However, a critical fiber length below 

which there would be no carcinogenic activity has not been demonstrated. 

Fibers less than 5 microns in length appear to be capable of producing 

mesothelioma (OSHA 1986, EPA 1986a), and the results of one analysis show 

that carcinogenicity appears to be a continuously increasing function of 

the aspect ratio (Bertrand and Pezerat 1980). A reanalysis of Stanton's 

original data (Wylie et al. 1988) concludes that factors other than size 
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and shape may play a role in asbestos carcinogenicity. Therefore, for 

purposes of this risk assessment, all asbestos fibers will be considered to 

be carcinogenic, although direct preparation total TEM fiber counts (v^ere 

available) will be converted to PCM equivalents for purposes of using human 

health data derived from epidemiologic studies in v^ich exposure was 

measured by PCM. 

The primary noncarcinogenic health effect of asbestos is asbestosis, a 

chronic lung disease associated with functional disabilities and early 

mortality; however, development of asbestosis is usually associated only 

with high-level occupational exposure (EPA 1986a). Recent work by Morton 

Lippmann (1988) correlated asbestos to total surface area of retained 

asbestos fibers with a length of 2 um and a diameter of 0.15 um. 

Asbestosis was not considered in tJiis risk assessment, because of the 

low-level environmental exposure at this site. 

The carcinogenicity of asbestos following ingestion has not been 

conclusively demonstrated by direct studies. In an NTP (1984) bioassay in 

male rats, a significant increase in benign epithelial neoplasms in the 

large intestine was interpreted as limited evidence that orally ingested 

chrysotile fibers may be carcinogenic (EPA 1985c). Available data from 

occupational studies also suggest a link between inhalation and subsequent 

ingestion of asbestos emd gastrointestinal cancer (EPA 1986a). Inhalation 

exposure in humans and experimental animals can result in both lung cancer 

emd mesothelioma (EPA 1986a). Both lung cancer and mesothelioma in humans 

were correlated to the nuniber of retained asbestos fibers with a length of 

10 um and 5 um and a diameter of 0.15 um emd 0.1 um, respectively (Lippman 

1988). According to EPA (1986e), asbestos is classified as a human 

carcinogen: Group A. There is sufficient evidence from epidemiological 

studies to support a causal association between asbestos exposure and 

cancer in humans, according to the EPA (1986e). 

The calculation of risk for inhalation exposure is primarily based on the 

methodology set forth in EPA's Airborne Asbestos Health Effects Update (EPA 

1986a) and described in detail in Appendix K. This calculation relies on 

the use of risk tables which give maximum likelihood estimates for 
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mesothelioma and lung cemcer as a function of sex, age at onset of 

exposure, years of exposure, and ambient atmospheric concentrations. 

Situations not exactly described by the risk tables are evaluated by linear 

interpolation among values on the tables. Since the tabulated fimction is 

non-linear, for situations vrtien concentrations are substantially higher 

them those shown on the tables, the resulting risk presented will not 

exceed the niaximum risk shown in the health risk table (3xl0~^), but will 

rather be listed as ">3xl0"'". For situations below the range of the 

tables (e.g, exposure periods of less than one year, concentrations 

substantially lower than 10~* to 10"^ fiber/cm^), the linearized unit risk 

of 2,3186 X 10"^ (fibers/cmM'^ developed by EPA (1987b) for a lifetime 

exposure will be used which is also based on an extrapolation of the risk 

tables in the airborne asbestos Health Effects Update, The risk calculated 

by this method will be adjusted to conpensate for less than lifetime 

exposure. 

EPA (1985c) developed an oral unit risk factor of 1,4x10"^^ (fiber/liter)'^ 

based on the NTP (1984) bioassay in v^ich benign neoplasms were observed in 

male rats exposed to asbestos (>10 microns in length) in drinking water; 

this cancer potency factor was used by EPA as the basis for the drinking 

water maximum contaminant level goal. There are a nuniber of uncertainties 

associated with this approach including the absence of adequate 

dose-response data from hunian populations exposed via ingestion, the 

induction of benign tumors only, and that the criterion is limited to 

fibers greater than 10 microns in length. No oral cancer potency factor 

has been derived for any environmental medium other than drinking water in 

vrtiich asbestos concentration may be reported as fiber mass per unit volume 

(ug/m^) rather than fibers per unit volume. The health effects of asbestos 

are further detailed in the toxicity profile in Appendix K, 

7.5 RISK CHARACTERIZATION 

In this section, concentrations of asbestos in environmental media will be 

conpared to available asbestos standards or regulations promulgated by 

State or Federal agencies, known as i^plicable and Relevant and Appropriate 

Requirements (ARARs), In addition, because ARARs are not available for 
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asbestos in all of the sanpled environmental media, a quantitative risk 

characterization will be conducted. In this quantitative evaluation, 

estimates of potential exposures through each pathway identified for 

evaluation will be combined with the toxicity criteria presented in the 

Hazard Identification section to predict potential risks associated with 

the South Bay site. For each pathway, em exposure scenario will be 

developed based on assunptions about the environmental behavior and 

transport of asbestos, and the extent, frequency, and duration of 

exposures. These factors are used to predict potential exposures to 

asbestos for both an average and a maximum plausible exposure case. This 

risk assessment follows a general approach to estimating exposures and 

risks v^ich has been developed by specialists in this field and has been 

codified in general terms by the U.S. Environmental Protection Agency (EPA 

1986b,c,d,e). 

7.5.1 COMPARISON TO APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

Asbestos-specific ARARs were evaluated relative to the South Bay Asbestos 

site. The EPA's interim guidance on ARARs (EPA 1987d) defines ARARs as 

follows: î pliceible requirements meems those cleanup standards, standards 

of control, or other environmental protection requirements, criteria, or 

limitations which are promulgated under Federal or State law and 

specifically address a hazardous substance or other circumstance at a 

CERCLA site. On the other hand, relevant and appropriate requirements 

address situations v^ich are sufficiently similar to a CERCLA site that 

their use is well suited to the particular site or situation. 

Federal regulatory action on asbestos has taken on a variety of forms. 

Regulations have been promulgated by numerous agencies including EPA, the 

Consumer Product Safety Commission (CPSC), Department of Transportation 

(DOT), Food and Drug Administration (FDA), Mine Safety and Health 

Administration (MSHA), and the Occupational Safety and Health 

Administration (OSHA). Although none of the promulgated regulations may be 

applicable to the South Bay site, they may be relevant and appropriate. 
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In 1980, the National Institute for Occupational Safety and Health (NIOSH) 

recommended to OSHA a niaximum level for asbestos in the workplace in 

addition to several measures vrtiich would act to minimize exposure. 

Recently, OSHA issued a rule implementing many of these regulations and 

lowering the old workplace standard of 2 f/cm̂  to 0.2 f/cm̂  of air as an 

eight-hour time weighted average (51 OFR 22612, 1986). The MSHA has 

prescribed exposure levels for asbestos dust for workers in domestic mines 

of 2 f / a a (43 CFR 54064, 1978). 

The CPSC has banned some materials from household use on the basis of 

findings that they contained respirable asbestos (16 CFR Parts 1304 and 

1305). Additionally, CPSC inposed labeling requirements on household 

products v^ich contain asbestos and v^ich are likely to release fibers 

under any reasonably forseeable conditions of handling (51 CFR 33911, 

1986). 

EPA has undertaken regulatory action on asbestos under the Clean Air Act, 

Clean Water Act, Safe Drinking Water Act, and the Toxic Substances Control 

Act. Asbestos was first designated as a hazardous air pollutant under the 

Clean Air Act in 1971. Since its initial promulgation in 1973, the 

National Emissions Standards for Hazardous Air Pollutants (NESHAP) for 

asbestos has been revised several times. As they currently read, the 

regulations call for no visible emissions from milling, manufacturing, and 

asbestos waste disposal activities (43 CFR 26372, 1977) and require that 

asbestos-containing waste be kept thoroughly wet with water during 

handling. The stemdard of no visible emissions may be relevant and 

appropriate to the asbestos soils emd levee at South Bay. 

Asbestos was first determined to be a hazardous water pollutant in 1973. 

Effluent limitation guidelines for asbestos manufacturing have been 

promulgated (40 CFR 1874, 1975). Also under the Clean Water Act, EPA 

published an Ambient Water Quality Criteria document for asbestos (EPA 

1980). The document noted that the database was inadequate to issue 

criteria for the protection of aquatic life. For protection of hunian 

health, the estimated levels of asbestos in water vrtiich would result in 

increased lifetime cancer risks of 10"\ 10"\ and 10"'' are 300,000 total 
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fibers/liter, 30,000 total fibers/liter, and 3,000 total fibers/liter 

respectively. Estimates for risk associated with consumption of aquatic 

organisms only could not be made. EPA has also proposed an MCLG for 

asbestos in drinking water under the Safe Drinking Water Act which equated 

an excess cancer risk of 10"^ to an asbestos concentration of 7.1 x 10 

fibers greater than 10 um in length per liter (EPA 1985c). 

EPA has promulgated several rules under the Toxic Substances Control Act 

(TSCA) to regulate asbestos in the environment. The most significant of 

these is the Asbestos Hazard Emergency Response Act (AHERA) which enacted 

Title II of TSCA. Under this act, EPA has published regulations related to 

inspection and management of friable asbestos in schools (52 CFR 42826, 

1987). The monitoring procedures specified in this regulation may be 

relevant to hazardous waste sites. In the rule, local agencies must 

consider an area to contain asbestos if asbestos fibers are found in any 

sanple at greater them one percent as analyzed by PLM. Since one percent 

is generally accepted as the detection liniit for asbestos in soil, this 

could represent a standard for non-detectable asbestos, i.e., that any 

detectable asbestos in soil warrants action. 

Of this group of rules, the NESHAPs "no visible emissions" criterion 

appears to be relevant to the South Bay sites. Visible emissions have been 

observed under present conditions in the area of the truckyards and along 

paved streets due to dust in gutters. Remedial activities resulting in 

site disturbances are also likely to result in some visible emissions; 

however, stringent dust controls would be inplemented to control the 

resultant emissions. 

The asbestos concentrations measured in the Guadalupe River upstream and 

downstream of the site exceed botJi the Ambient Water Quality Criterion for 

protection of human health and the proposed MCLG, as do the asbestos 

concentrations measured in groimdwater at the site. However, neither the 

groundwater nor surface water areas are currently or expected to be used as 

a drinking water source. 
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7.5.2 QUANTITATIVE RISK ASSESSMENT 

Inhalation of Ambient Levels of Airborne Asbestos 

As discussed in Section 7.3, the risks associated with lifetime daily 

inhalation of ambient airborne asbestos will be evaluated for the South Bay 

Asbestos site area. The exposure point concentrations for this pathway, 

presented in Table 7-6, are equivalent direct concentrations in PCMe 

structures/m^ based on the Phase II indirect reanalysis PCMe structures/m^. 

The exposure point concentrations range from 3 PCMe structures/m^ to 1,700 

PCMe structures/m^, and are considered to be within the general range of 

air concentrations covered in the EPA cancer risk table (Appendix K). 

Risks were thus estimated by scaling from tJie risk table concentration of 

100 f/m̂  to the exposure point concentrations of asbestos. 

Risks are estimated separately for Station 1 (upwind/off-site). Stations 

2-4 (on site), and Station 5 (downwind/off-site). For each exposure case 

(average or maximum), a range of risks is presented to correspond to the 

possible range of the conversion factor (2-30) used to develop equivalent 

direct concentrations from indirect concentrations. The resulting 

mesothelioma and lung cemcer risk estimates are presented for males and 

females in Table 7-7. As shown in this table, the excess lifetime lung 

cancer risks are roughly an order of magnitude higher for on-site locations 

than for off-site locations. Excess lifetime mesothelioma risks are 

slightly less than an order of magnitude higher at on-site versus off-site 

locations. The highest predicted risks are associated with use of the 

lowest conversion factor (two) in conjunction with t h e maximum detected air 

concentrations. For on-site locations, the cancer risks are in the 10" to 

10"'* range. The cancer risks for Station 1 (off-site) are in the 10" to 

10"^ range and those for Station 5 (off-site) in the 10"' to 10"^ range. 

There are, however, many significant imcertainties associated with these 

risk estimates. Because of these uncertainties, conservative techniques 

were implemented to assess the risk from asbestos exposure. This 

conservative approach ensures that the actual risks are not underestimated. 

A full discussion of the uncertainties associated with these risk estimates 

is found in Section 7.7. 
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Conparison with California Backgroimd Risks 

The asbestos air measurements conducted by SAI (1983) for various 

California locations as described in Section 7.3.2 can also be used to 

predict potential lifetime inhalation risks. These risk estimates may 

provide a context for interpretation of the on- and off-site risk 

estimates. The measured TEM f/m̂  concentrations for the SAI (1983) data 

were presented in Table 7-3. Exposure point concentrations were derived 

from these data by multiplying the reported TEM direct fiber concentrations 

(f/m^) by a conversion factor (NRC 1983) of 0.017 PCM f/m̂  per 1 TEM t /m 

(see i^pendix K). The estimated direct PCM f/m̂  exposure point 

concentrations, as shown in Table 7-8, range from 88 to 1,768 PCM f/m^, 

within the general remge of air concentrations covered in the EPA cancer 

risk table (Appendix K). As with the RI site data, risks were estimated by 

scaling from the risk table concentrations. 

Table 7-9 presents the estimated excess lifetime mesothelioma and lung . 

cancer risks associated with lifetime exposure to airborne asbestos at 

various locations in California. The excess lifetime mesothelioma risks 

are in the 10"^ risk range for the average case and in the 10~^ to 10"* 

risk remge for the maximum case. These risks are lower than on-site risks 

vdiich are estimated to be in the range of 10"^ to 10"^ for the average case 

and 10"^ to 10"^ for the maximum case, as presented in Table 7-7. The 

excess lifetime lung cemcer risks for locations in California are in the 

10"^ to 10"^ range for the average case, and the 10"^ to 10"^ range for the 

niaximum case. These risks are similar to the on-site risks for lung cancer 

presented in Table 7-7. There are inportant imcertainties associated with 

the backgroimd risk estimates using the SAI data as well and thus they too 

should be interpreted with caution. For exanple, the conversion factor from 

TEM f/m̂  to PCMe t/nx is uncertain as is the use of only four sanple 

measurements per location (all collected on the same day) to characterize 

average emd maximum case long-term exposure point concentrations. 
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Inhalation of Airborne Asbestos Generated During Various Activities 

As discussed in Section 7.3.2, exposure via inhalation can occur both 

through ambient exposure to airborne asbestos and exposure through the 

generation of airborne asbestos via soil-disturbing activities. Soil 

disturbing activities vrfiich include children playing and adults gardening 

will be discussed qualitatively because of the lack of data needed to 

assess the actual risk from exposure to asbestos. Residential exposures to 

asbestos generated as a result of truck traffic on unpaved roads and 

truckyards of the community will be discussed quantitatively. 

Exposure to Activity Generated Dust. Areas vrtiere children are expected to 

play include residential yards and non-residential areas (vacant lots and 

truckyards). Residents in Alviso and the Summerset Trailer Park may also 

be exposed to asbestos generated during gardening. For individuals who may 

repeatedly engage in t h e s e activities, cumulative asbestos exposures of 

concem to hunian health could potentially result. However, data of 

sufficient quality is unavailable to actually quantify these risks. 

Exposure to Vehicle Generated Dust. Residents living adjacent to the 

truckyards on State Street emd other areas may be exposed to asbestos 

generated as a result of semi truck traffic on these yards. Data from the 

DHS experiments were used to calculate exposures for these scenarios. Data 

from this experiment were collected along the road next to where the truck 

was driving; no sanples were collected further from the road in order to 

detemiine dilution in air. Therefore, the use of concentrations generated 

by this experiment for nearby resident may overestimate exposures. 

The residential exposure parameters were developed based on information 

available in the literature or based on site-specific information; these 

exposure assunptions are presented in Table 7-10, The frequency and 

duration of exposure estimates were assumed values designed to 

approximately reflect the average and plausible maximum exposure scenarios 

for this site. 
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Risks for the niaximum case were calculated using the asbestos risk table; 

no average case risks were calculated. All calculated risks exceeded the 

maximum risk value of 3x10"^ presented in the Asbestos Health Risk table 

(/^pendix K). Therefore, the risks estimates would be outside the linear 

range represented by the table and are reported in Table 7-11 as ">3xl0" ." 

Ingestion of Soil 

As mentioned earlier, two types of general soil exposure scenarios will be 

evaluated in this risk assessment. Lifetime exposures to local residents 

and intermittent exposures to children and trespassers, using the South Bay 

Asbestos Area will be considered. Chronic daily intakes (CDis) as a result 

of incidental soil ingestion for these exposure groups can be estimated 

using the equation: 

CDI 
(CJ(IJ(F)(YR) 

(BW)(100)(25,550) 

where 

CDI = Chronic daily intake { m q / k q / d a y ) , 
C^ = Asbestos soil concentration (weight % ) , 
Ig = Soil ingestion rate (mg/day), 
F = Frequency of exposure (days/year), 
YR = Years of exposure (years), 
BW = Average body weight over period of exposure (kg), 
100 = Conversion factor (from percent concentration to mg/mg), 

and 
25,550 = Nuniber of days in a 70-year lifetime. 

Table 7-12 lists the values used in this equation for several scenarios: 

1) intermittent exposures to children and playing on non-residential areas 

(i.e., vacant lots), and 2) local lifetime residents exposed in yards 

(e.g., a person potentially exposed to asbestos as a child and then as an 

adult). 

The parameter values listed in this table were based on information 

available in the literature or based on site-specific infonnation, -where 
possible. For all exposure scenarios except the worker scenario, 
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time-weighted averages for the amount of soil ingested per exposure event 

(I^) and an individual's body weight (BW) were calculated and used to 

quantitatively evaluate intakes over the exposure period. Incidental soil 

ingestion rates are based on a review of the literature of soil ingestion 

in children as presented in Lagoy (1987). Body weight estimates were based 

on age-specific data presented in EPA (1985d). 

The frequency (F) and duration of exposure (YR) estimates were assumed 

values designed to approximately reflect average emd plausible maximum 

exposure scenarios for this site. The asbestos soil concentrations used 

were those presented in Table 7-4 by location. For trespassers, exposure 

to soil in non-residential areas (i.e., vacant lots) is assumed to occur 

from ages 5 to 11 for the average case and from ages 5 to 16 for the 

plausible niaximum case. For local residents, exposures are assumed to occur 

over a lifetime (e.g., for asbestos potentially present in yards). The 

GDIs for asbestos are averaged over a 70-year period (25,550 days) 

according to EPA (1986b) guidelines for carcinogenic risk assessment. 

Table 7-13 presents the estimated CDls for the four evaluated exposure 

scenarios. 

Estimating cancer risks for incidental ingestion of asbestos present in 

soil is conplicated because the EPA (1985c) has developed a unit risk 

factor for exposure to asbestos in surface water [1.4 X 10' 

(fibers/liter)"^] only (fibers greater than 10 um in length) and not for 

exposure to asbestos from other environmental media where concentrations 

may be reported on a mass (not fiber) basis. This unit risk factor was 

used as the basis of the Maximum Contaminant Level Goal (MCLG). There are 

several inportant imcertainties associated with even this unit risk factor, 

as discussed in Section 7.4. In order to quantify risks associated with 

incidental ingestion of asbestos in soil, the EPA unit risk factor was 

converted into a mass-based potency factor (mgAg/day)-l using the 

following equation: 
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Mass-based cancer unit day 0.129 x 10 fiber 
potency factor = risk x x x 70 

kg 
factor 2 liter 1 mg 

= 1.4 X 10"^^ X 0.129 X lO' X 70 / 2 
= 6.3 X 10"" (mgAg/day) ̂  

This conversion was done only for the purposes of providing a rough 

indication of the potential excess lifetime cancer risks associated with 

direct contact with asbestos in soil and subsequent incidental ingestion at 

the site. The conversion factor from fibers to mass of asbestos was taken 

to be 0.129 X lO' fiber per mg asbestos based on TEM drinking water 

measurements performed at the Illinois Institute of Technology Research 

(NTP 1984) in conjunction with development of the MCLG. There is a 

significant level of uncertainty associated with this conversion as the 

average fiber count per mass for the site is likely to differ from the 

average fiber count per mass observed in the bioassay used to derive the 

MCLG. 

The converted asbestos potency factor can be multiplied by the CDI to 

derive em approximate estimate of the excess lifetime cancer risks 

associated with each exposure scenario. Table 7-14 presents the cancer 

risks estimated for each soil exposure scenario evaluated in this risk 

assessment. Area-specific risks will not be summed. For the niaximum case, 

the risks for individuals contacting soil in non-residential areas (i.e., 

vacant lots) was 3x10"^. For residents assumed to incidentally ingest soil 

from a backyard over a lifetime, the excess lifetime cancer risks ranged 

from 5x10"^ (Alviso) to 6x10"^ (Summerset Trailer Park) for the maximum 

case estimates; no average case risks were calculated since the geometric 

means were less than 1 area%. 

Because of the imcertainties inherent in these risk estimates, particularly 

converting from a fiber-based unit risk factor to a mass-based potency 

factor and accurate estimation of exposure point concentrations, the 

uncertainty associated with risks related to exposure to asbestos through 

this pathway may exceed an order of magnitude. Additional uncertainty is 

added by the fact that only benign tumors were noted in the bioassay v^ich 
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is the basis of the potency factor. Uncertainties were, however, 

conpensated for by adopting conservative assunptions in the risk estimates. 

Consideration of these uncertainties suggests that the soil ingestion risks 

predicted for residents and trespassers are not likely to be underestimated 

but also do not vary significantly among exposed individuals within the 

maximum case scenarios across the specific exposure locations examined in 

this risk assessment. 

7.6 ENVIRONMENTAL ASSESSMENT 

The environmental assessment section for the South Bay Asbestos site 

consists of hazard characterization and risk characterization. The 

potential receptors were identified and discussed in Section 4.0. 

7.6.1 ENVIRONMENTAL HAZARD CHARACTERIZATION 

This section consists of an assessment of contaminant exposure pathways and 

a description of the ecotoxicity of asbestos. Section 6.0 discussed the 

environmental fate of asbestos in the ecosystem. 

Exposure of Wildlife 

There are a number of direct pathways by vrtiich wildlife can be exposed to 

asbestos at the South Bay Asbestos site. Direct pathways include contact 

with or ingestion of contaminated media such as soil, sediment, water, or 

air. For exanple, fish and other aquatic organisms found in the Guadalupe 

River near the site would be exposed to asbestos via direct contact and 

ingestion of contaminated water and sediments (asbestos was detected in 

surface water sanples of Guadalupe River at concentrations of 3,266 million 

fibers/liter [MF/L]). Birds such as the belted kingfisher vrtiich build 

their nest in river banks and feed on fish in the river, may be exposed to 

asbestos directly via contact and ingestion of water, soil, and sediments. 

Birds v*iich engage in dust bathing activities also increase direct exposure 

to asbestos via exposure to contaminated soil and inhalation of dust. 

Mammals such as rabbits and raccoons groom frequently and are likely to 

ingest contaminated soil while grooming. Mammals and birds may also be 
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exposed to asbestos via inhalation and ingestion of surface water from the 

Guadalupe River. Unfortunately, data are not adequate to assess exposure 

or impacts to terrestrial animals via any of these pathways. Only the 

exposure and inpact of direct contact with contaminated surface water to 

fish and aquatic organisms can be assessed. 

Wildlife can also be exposed to asbestos via indirect pathways. Indirect 

pathways are those in which an animal consumes other previously 

contaminated organisms. Aquatic invertebrates have been shown to 

bioconcentrate asbestos in the field and laboratory exposure studies. 

Therefore, birds such as ducks, belted kingfishers, and herons and mammals 

such as racoons emd muskrat v^ich prey on aquatic invertebrates may be 

exposed to significant levels of asbestos. However, the available data are 

not sufficient to estimate uptake and accumulation of asbestos in the food 

chain. 

Exposure of Plants 

Plants may be exposed to asbestos through surface deposition of airborne 

fibers and through uptake of fibers from contaminated soil and water. 

Surface water nmoff from contaminated areas may percolate into plant root 

zones, exposing plants to asbestos via root uptake. However, because 

asbestos phytotoxicity data are liniited, and plant uptake values vary 

greatly from species to species, exposure via this pathway cannot be 

quantified. 

Ecotoxicity 

EPA (1980) has concluded that available asbestos toxicity data are 

insufficient to esteOjlish acute and chronic ambient water quality criteria 

for the protection of aquatic life. However, there are other toxicity 

parameters available for assessing the acute and chronic toxic effects of 

asbestos on fish and aquatic life, as described below (see Appendix K, 

Section 8.0 for a more detailed discussion). 
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Asbestos is acutely toxic to aquatic organisms only at very high 

concentrations. Larval Asiatic clams (Corbicula sp.) had significantly 

higher mortality rates than controls when exposed to chrysotile fiber 

concentrations between 10^-10* f/liter. Fathead minnows exposed to 10^^ 

f/liter for 96 hours or 10* f/liter for 30 days did not exhibit increased 

mortality over controls (Belanger 1986). Japanese medaka (pisces, Oryzias 

latipes) exposed to 10^° f/liter for 60 days experienced 100% morta 

lity. Stewart and Schurr (1980) reported that maximum mortality of Artemia 

occurred between lO'-lO* f/liter. 

Asbestos exposure can result in deleterious impacts on growth, 

reproduction, physiological equilibrium, and behavioral traits in algae. 

Exposure to chrysotile fibers at 1-1.5x10^ f/liter for 48 hours resulted in 

severe clumping of cells of the algae Cryptamonas erosa (Lauth and Schurr 

1983). It was postulated that this would result in loss of mobility and 

death due to settling out. 

Adult and juvenile Asiatic clams exhibited reduced siphoning rate and shell 

growth when exposed to 10^ f/liter for 30 days (Belanger 1986). Juvenile 

clams also had reduced weight gain at 10 f/liter in summer temperatures, 

emd at 10^ f/liter in winter temperatures. Weight gain of juvenile 

flathead minnows was reduced after 30 days exposure to between 10 and 10 

f/liter. Length was not affected, however (Belanger 1986). Larval medaka 

showed reduced growth after 14 days exposure to the same levels. 

Asbestos exposure also results in tumor formation in fish and clams. Coho 

salmon developed tumorous swellings in the gills following exposure to 

3x10^ f/liter of chrysotile (Belanger et al. 1986), in addition to 

neoplastic cell abnormalities in epidermal tissue. Medaka developed 

epidermal tumors following exposure to 10 f/liter. Mollies (Poecilia 

formosa) also developed epidermal hypertrophy after 6 months exposure to 

chrysotile (Woodhead et al. 1983). 

No infomiation was found concerning the toxicity of asbestos to terrestrial 

wildlife species. However, the carcinogenicity of asbestos fibers in 

mammals is well established through laboratory animal experiments and human 

epidemiological studies. 
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No data were found regarding the toxicity of asbestos to terrestrial plant 

species. 

7.6.2 ENVIRONMENTAL RISK CHARACTERIZATION 

Characterization of the risks to plant and animal species associated with 

exposure to asbestos at the South Bay Asbestos site is complicated due to 

the limited availability of monitoring data and the lack of toxicity 

threshold data for terrestrial plants and wildlife. The monitoring data 

that are available must be evaluated with respect to the analytical 

problems associated with measuring the type and amount of asbestos fibers 

in environmental media, and the degree to v^ich the concentrations are 

representative of the tenporal variation in levels in the various media. 

There is opportimity for exposure of aquatic and terrestrial plant and 

animal species to asbestos at the site and in the adjacent marshland areas 

through contact with and ingestion of contaminated environmental media and 

food items. With the limited data available, aquatic organisms and 

borrowing animals appear to be at greatest risk at the South Bay Asbestos 

site and in the adjacent marshland areas. 

Aquatic Organisms 

The monitored concentration of approximately 3x10^ f/liters in surface 

waster sanples from the Guadalupe River exceeds acute and chronic toxicity 

threshold levels for algae, invertebrates, and juvenile fish in the 

published literature (see Ecotoxicity section). If the limited monitoring 

data available are representative of long-term exposure conditions in 

surface waters at the site, there is a concern for the acute and chronic 

toxicity of asbestos to aquatic organisms coming into contact with these 

contaminated waters. 

Terrestrial Organisms 

The significance of the limited soil monitoring data available cannot be 
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evaluated due to a lack of toxicity threshold data for terrestrial plants 

and animals. In addition, exposure data are insufficient foi.- comparison 

with the available laboratory acute and chronic toxicity data for rats and 

mice. Plants growing on or near the levee appear to have the highest 

potential for exposure to asbestos through root uptake from contaminated 

soils or surface runoff and foliar deposition of airborne fibers from 

contaminated surface soil. Burrowing animals appear to have the highest 

exposure potential through both inhalation and ingestion of fibers from 

soil. The significance of these potential exposures in terms of the acute 

and chronic toxicity emd reproductive success of the exposed organisms is 

unknown. 

Endangered Species 

The significance of potential asbestos exposure to the endangered species 

indigenous to the refuge area adjacent to the site (i.e., salt marsh 

harvest mouse and clapper rail) is also unknown. These organisms may be 

adversely affected directly (e.g., through ingestion of asbestos in surface 

water, contact with emd ingestion of soil when preening, grooming, or 

foraging for food) and through adverse effects on habitats (e.g., 

pickleweed) and food sources (e.g., reduced populations of prey, ingestion 

of contaminated prey). 

7.7 DISCUSSION OF UNCERTAINTIES 

All risk assessments involve the use of assumptions, judgement, and 

imperfect data to varying degrees, v^ich results in uncertainty in the 

final estimates of risk. General sources of uncertainty in a risk 

assessment include: 

o Environmental chemistry sampling and analysis; 

o Misidentification or failure to be all-inclusive in hazard 
identification; 

o Choice of models and input parameters in exposure assessment and 
fate and transport modeling; 
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o Choice of models or evaluation of toxicological data in 
dose-response quantification; and 

o Assumptions conceming exposure scenarios and population 
distributions. 

Uncertainty may be magnified in the assessment through a combination of 

these sources. In the South Bay risk assessment, there are additional 

sources of uncertainty associated with asbestos measurement and risk 

quantification. 

In risk assessments in v^ich considerable uncertainty is anticipated, a 

technique commonly enployed to conpensate for uncertainty is to bias the 

assessment in the direction of overestimation of risk. This is often 

termed a "worst-case" or "conservative" analysis. The net effect of 

combining numerous conservative assumptions is that the final estimates of 

risk may be greatly overestimated, however, they will not lead to decisions 

v^ich will be non- protective of hunian health and the environment. 

Environmental chemistry sanpling and analysis error can stem from the error 

inherent in the procedures, from a failure to take an adequte number of 

sanples to arrive at sufficient areal resolution, from mistakes on the part 

of the sanpler, or from the heterogeneity of the matrix being sampled. One 

of the most effective ways of minimizing procedural or systematic error is 

to subject the data to a strict quality control review. Even with all data 

rigorously quality assured, however, there is still error inherent in all 

analytical procedures, emd it is still not possible to definitively 

detemiine if the sanple is truly representative of site conditions. As 

discussed in Sections 2 and 4, accurate measurements of asbestos 

concentrations in different environmental media are difficult to achieve 

and as a result, sanpling and analysis errors are particularly inportant 

sources of potential uncertainty in this risk assessment. There is no 

routinely accepted standard procedure for measurement of asbestos in soil 

which could result in considerable uncertainty. The fact that TEM and PLM 

measurements are generally conparable, however, indicates that this 

uncertainty is not likely to exceed an order of magnitude. 
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In order to quantify risks for this risk assessment, asbestos 

concentrations were converted from one set of units to another. For 

example, for the ambient inhalation pathway, PCMe structure concentrations 

reported for the Phase II reanalysis, analyzed using the indirect method, 

were converted to equivalent direct PCMe structure concentrations using a 

conversion factor range. The conversion factor? are based on a liniited set 

of information (ESAT 1988) emd are considered to be order of magnitude 

estimates. The lower conversion factor (i.e., the one resulting in the 

higher risks) should not, however, underestimate risks by more than a 

factor of two. Asbestos air measurements collected in various Califomia 

locations were also converted from TEM f/m̂  to PCM f/m̂  using a conversion 

factor. This conversion factor is also characterized by uncertainty. For 

the activity-related (i.e., soil- disturbing) exposure pathways and the 

incidental soil ingestion pathway, the units for the soil concentrations 

were PLM area%, vhich were assumed to be equal to PLM weight%. All these 

conversions add considerable uncertainty to the risk estimates. 

The absence of environmental parameter measurement also contributes to 

uncertainty. Lack of site-specific measurements requires that estimates 

ntust be based on literature values, regression equations, extrapolations, 

and/or best professional judgement. Modeling errors can stem from a lack 

of validation or verification of the models. Typically an order of 

magnitude result is considered to be satisfactory for most conplex modeling 

scenarios. 

In almost all risk assessments, the largest source of uncertainty is in 

critical toxicity values (RfDs and cancer potency factors), and these 

imcertainties may significantly affect the magnitude of the risk estimates 

presented in a risk assessment. Health criteria for evaluating long-term 

exposures such as RfDs or cemcer potency factors are based on concepts and 

assunptions which bias an evaluation in the direction of overestimation of 

health risk. EPA noted in its Guidelines for Carcinogenic Risk Assessment 

(EPA 1986b): 

There are major uncertainties in extrapolating both from 
animals to humans and from high to low doses. There are 
inportant species differences in uptake, metabolism, and 
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organ distribution of carcinogens, as well as species and 
strain differences in target site susceptibility. Human 
populations are variable with respect to geometric 
constitution, diet, occupational and home environment, 
activity patterns, and other cultural factors. 

These uncertainties are conpensated for by using upper bounds for cancer 

potency factors for carcinogens emd safety factors for reference doses for 

noncarcinogens. At best, the assunptions used in a risk assessment provide 

a rough but plausible estimate of the upper limit of risk, i.e., it is not 

likely that the true risk would be much more than the estimated risk, but 

it could very well be considerably lower, even approaching zero. 

In addition, there are varying degrees of confidence in the weight of 

evidence for carcinogenicity of a given chemical. EPA's (1986b) 

weight-of-evidence classification provides infomiation which can indicate 

the level of confidence or uncertainty in the data obtained from studies 

inhumans or experimental animals. Some of the imcertainties in the hazard 

evaluation are further conpensated for by assuming that animal carcinogens 

behave as human carcinogens. The summation of the risks associated with 

all potential carcinogens tends to overestimate risk by including probable 

hunian carcinogens (Group 8) with demonstrated human carcinogens (Group A), 

although this was not done in this risk assessment. 

For asbestos, in particular, tJiere are important imcertainties associated 

with the toxicity criteria used to quantify human health risks. For the 

purposes of this risk assessment, the unit risk factor developed by the EPA 

(from vAiich the MCLG was derived) was converted from a fiber-based number 

to a mass-based cancer potency factor, A conversion factor representing 

the fiber count per mass observed in the bioassay from v^ich the unit risk 

factor was derived was used. This conversion factor, however, may not 

reflect the actual fiber count per mass observed in sanples collected from 

soil at the South Bay Asbestos site. Additionally, the toxicologic basis 

for evaluation was drawn from a wide variety of epidemiologic studies vrtiich 

encompassed different forms of asbestos in addition to widely differing 

exposure conditions. The closeness of fit of these studies to the South 

Bay Asbestos site is not presently known. 
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One major source of error in asbestos risk assessment is evaluation of 

risks associated with ingestion. It should be kept in mind that only 

benign tumors were associated with ingestion of asbestos by the 

experimental animals in the bioassay which was the basis of the cancer 

potency factor. EPA guidance (EPA 1986b) for carcinogenic risk assessment 

does allow for inclus,'Qn of benign neoplasms, however, this could 

significantly overestimate risk. 

There are also inherent uncertainties in determining the exposure 

parameters that are combined with toxicological infomiation to estimate 

risk. For example, there are imcertainties regarding assunptions in 

estimating the likelihood than em individual would come into contact with 

contaminants originating at the site (e.g., the frequency of exposure 

estimates used for the soil ingestion patJiways), the concentration of 

chemicals in the environmental media of concern (e.g., soil and air), and 

the period of time over which such exposures would occur (e.g., assuming 

children would repeatedly play in asbestos-containing soil). In general, 

conservative assunptions were made in estimating exposure point 

concentrations and estimating cheniical intakes. 

All of these individual sources of error may be propagated into larger 

errors by mathematical combination in the risk assessment. For purposes of 

evaluating remedial alternatives under Superfund, however, risk assessment 

provides a method to conpare risks associated with various exposure routes, 

and this infomiation cem then be used to detemiine if and how remedial 

actions should be taken. There is a general perception that asbestos risk 

assessment is inherently less certain than risk assessments performed for 

other chemicals in the context of regulatory toxicology. This perception 

is not supported by a close examination of uncertainties associated with 

risk assessments in general. For exanple, nickel associated with copper 

mining tailings is assumed to be carcinogenic by inhalation without any 

evidentiary basis; lead in soil is often assumed to be 100% bioavaiiable by 

ingestion; the range of uncertainty between the upper and lower bounds on 

the cancer potency of 2,3,7,8-tetrachlorodibenzodioxin by the linearized 

multistage model is five orders of magnitude. In this context, it can be 

readily seen that asbestos risk assessments are no less uncertain than many 
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other risk assessments. After consideration of all the sources of 

uncertainty in the larger context of regulatory decision making, there 

appears to be no reason why public health and environmental protection 

decisions cannot be made on the basis of asbestos risk assessments. 

Again, it should be noted that as with other risk assessments, the risks 

presented in this risk assessment are upper-bound estimates of the actual 

risk posed by the site. Conservative techniques were used to estimate all 

the risks presented in this document because of the uncertainty surrounding 

various analytical techniques in order that the actual risks would not be 

underestimated. This ensures that risk management decisions based on the 

results presented in this document would result in the protection of hunian 

health. 

7.8 CONCLUSIONS AND SUMMARY 

The results of sanpling efforts performed at the South Bay Asbestos site, 

primarily those for the RI but also some previous analyses were summarized 

to identify chemicals to be evaluated in detail in this risk assessment. 

The primary chemical of concern with respect to potential effects on human 

health and the environment at the South Bay site is asbestos, vrtiich was 

detected in all sanpled environmental media. 

The following exposure pathways were selected for detailed evaluation in 

this risk assessment: 

o Lifetime exposure of residents by inhalation of ambient air; 

o Lifetime exposure of residents by inhalation of airborne asbestos 
generated t^ trucks in unpaved truckyards; 

o Exposure of children by direct contact with and subsequent 
incidental ingestion of asbestos-contaminated soil in 
non-residential areas (i.e., vacant lots); and 

o Lifetime exposure of residents by incidental ingestion of 
asbestos-contaminated soil during outdoor activities. 

These pathways were selected based on their likelihood and frequency of 

occurrence, and on their potential for generating asbestos levels in air 

that may be of concern to human health. 
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The potentially exposed population includes the approximately 1,870 

individuals v^o reside in Alviso and workers v^o may be enployed in the 

town. The Alviso population is highly mobile; among those residing in 

Alviso in 1980, only 38% were living in Alviso in 1975. Approximately 10% 

of the Alviso population is under five years of age (187) and 4.5% over 65 

years of age (84). Thirty-two percent of the population in 1980 was 

between five and 20 years of age (600). 

Risks from the pathways listed above were characterized by first conparing 

information on the presence and concentrations of asbestos in the sanpled 

environmental media to Applicable or Relevant and Appropriate Requirements 

(ARARs) identified for the South Bay site. Because asbestos ARARs were not 

available for all of the sanpled environmental media, a quantitative risk 

characterization was also conducted. In this evaluation, estimates of 

potential asbestos exposures through each pathway identified for evaluation 

were combined with asbestos-specific toxicity values to predict potential 

risks associated with the site. For each pathway, an exposure scenario was 

developed based on assunptions about the environmental behavior and 

transport of asbestos, and the extent, frequency, and duration of 

exposures. These factors were used to predict potential exposures to 

asbestos for both average and a maximum plausible exposure case. 

For cheniical carcinogens such as asbestos, the excess upper bound lifetime 

cancer risk was estimated for each pathway; this risk is expressed as a 

probability. A risk of 1 x 10"*, for exanple, represents the probability 

that an individual will develop cancer as a result of exposure to a 

carcinogenic cheniical over a 70-year lifetime. 

Based on a conparison to ARARs, the NESHAPs "no visible emissions" 

criterion appears to be relevant to the South Bay site. Visible emissions 

have been observed under present conditions in the area of the truckyards 

emd along paved streets due to dust in gutters. Remedial activities 

resulting in site disturbances are also likely to result in some visible 

emissions. 
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The asbestos concentrations measured in the Guadalupe River upstream and 

downstream of the site exceed both the Ambient Water Quality Criterion for 

protection of hunian health and the proposed MCLG, as do the asbestos 

concentrations measured in groimdwater at the site. However, neither the 

groimdwater nor surface water areas are currently or expected to be used as 

a drinking water source. 

Table 7-15 summarizes the results of the quantitative risk assessment for 

each exposure pathway and receptor group. For the inhalation of ambient 

air by Alviso and other nearby residents, excess lifetime cancer risks were 

estimated based on the Phase II reanalysis air data. The risks for the 

on-site sanpling stations were slightly higher than those at either the 

upwind (Station 1) or downwind (Station 5) sanpling locations. There are, 

however, many significant imcertainties associated with these risk 

estimates. The use of indirect PCMe structures/m^ as a basis for deriving 

exposure point concentrations may be associated with roughly an order of 

magnitude uncertainty but is likely to provide conservative estimates of 

exposure point concentrations. The indireet-to-direct conversion factor 

alone is likely to have a minimum range of uncertainty of an order of. 

magnitude, but the lower conversion factor of two (i.e., the one producing 

the higher risk) is unlikely to be underestimated by more than a factor of 

two. For the maximum case scenarios, the use of a single niaximum air, 

measurement to calculate lifetime inhalation risks is extremely 

conservative and thus the maximum case risks are more representative of 

upper bound risks rather them maximum plausible risks. Another major 

uncertainty in the ambient inhalation risk estimates is associated with 

imcertainties in the asbestos dose-response data. Therefore, considering 

the potential inpact of the combination of these and other uncertainties, 

these risk results should be interpreted as order of magnitude estimates. 

Lifetime inhalation risks associated wi th exposure to airborne asbestos at 

various locations in Califomia were also estimated (SAI 1988). The excess 

lifetime cancer risks were predicted to be in the 10"* to 10"•* range. 

There are inportant uncertainties associated with these risk estimates as 

well and thus they too should be interpreted with caution. For example, 

the conversion factor from TEM f/m̂  to PCM f/m̂  is uncertain as is the use 
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of only four sanple measurements per location (all collected on the same 

day) to characterize average and meiximum case long-term exposure point 

concentrations. 

The DHS activity experiment data were used to evaluate risks associated 

with inhalation of vehicle-generated dusts. Only a few experimental sample 

data values were available and these were unvalidated. Thus there are 

significant uncertainties associated with these pathways of exposure. 

Based on the DHS data, the excess lifetime cancer risks for maxinann case 

scenarios of exposure were all estimated to exceed 3 x 10"^. This risk 

level is the highest value presented in EPA's Health Risk Table 

(.̂ pendix K) from which the vehicle-generated inhalation risks were 

estimated. 

Ingestion risks were predicted for children playing in soil and residents 

contacting soil in yards. The ingestion risk was 3 x 10" for children, 

and in the 10"^ range for residents. 

It should be recognized that this summary risk table does not capture all 

aspects of uncertainty associated with this risk assessment. A discussion 

of these imcertainties was presented in Section 7.7. The risks presented 

in this assessment are not precise, and are presented solely to guide the 

decision of vhether to take remedial action at the South Bay Asbestos site. 

As discussed in Section 7.7, the exposure assumptions and models used to 

estimate risks are generally conservative; therefore, the risk estimates 

shown in Table 7-15 are expected to be near to or higher than the upper end 

of the actual range of risks. 
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SECTION 8.0 

SUMMARY AND CONCLUSIONS 



8.0 SUMMARY AND CONCLUSIONS 

EPA has conducted a remedial investigation at the South Bay Asbestos site 

because of concem that the asbestos in site soil and air is a health risk. 

Although there are still many unanswered questions, the consensus in the 

medical community is tiiat asbestos fibers pose a cancer risk when inhaled. 

This report has presented the results of the environmental sanpling, and 

tJie estimate of health risk at the site. 

The sanple results reveal that asbestos is present in surface soils in 

varying amoimts throughout the community, v^erever dunping has occurred or 

fill soils have been inported. There is no general pattern of soil 

contamination, and exact concentrations cannot be defined because of 

analytical uncertainties. The mechanisms which entrain or transport the 

asbestos from soil into the air have also not been clearly defined. It 

appears that soil-disturbing activities such as vehicle traffic or digging 

are more inportant than wind in releasing the fibers from the soil. 

The risk assessment has shown that the ambient air in Alviso presents an 

excess lifetime lung cancer risk roughly an order of magnitude higher than 

the off-site locations measured. Exposure is also possible during 

soil-disturbing activities, with excess cancer risk estimates ranging up to 

2 orders of magnitude higher than ambient risk, depending on soil asbestos 

concentration and type of activity. The highest risks were estimated for 

vehicle traffic in unpaved areas. 

The limitations of asbestos measurement and analytical techniques, with the 

imcertainties of risk assessment estimates, make the precise definition of 

site risks difficult. It is clear that asbestos is present and may pose a 

risk higher than off-site locations. 
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Table 2.1 

PREVIOUS INVESTIGATIONS AT SOUTH BAY ASBESTOS SITE 

Sampling 
Date 

SURFACE SOIL 

8/8/83 

8/10/83 

8/10/83 

8/18/83 

8/30/83 and 
9/1/83 

9/12/83 

6/18/85 

8/27/85 

9/17/85 

9/25/85 

No. of 
Samples 

SAMPLING 

2 

6 

7 

42 

16 

25 

2 

14 

2 

2 

Location 

Outfall structure 

Vicinity of outfall 
control structure 

Vicinity of outfall 
Control structure 

Area of Liberty/ 
Moffat and also 
river levee 

Community aroimd Gold/ 
Moffat 

Random grid (20) and 
around community 

Levee at Michigan 

Community and ring 
levee 

Levee at Michigan and 
at State 

Spreckles Avenue 

Analytical 
Method 

PLM 

PLM 

PLM 

PLM 

PLM 

PLM 
TEM 

PLM 

PLM 
PLM 
SEM 

TEM 

PLM 

(25), 
(7) 

& TEM 

(14), 
& SEM 
& TEM 

(5) 
(1) 

Agency 

Cal-OSHA 

Cal-OSHA 

DHS 

DHS 

DHS 

DHS 

DHS worst case 
experiment 

EPA and DHS 

DHS field 
experiment 

DHS traffic 
experiment 

10/4/85 

10/23/85 

47 

67 

12/16/85 to 
12/31/85 369 

N. end Spreckles (34) PLM 
and Mayne School (13) 

O'Neill Tract Streets PLM 

250' grid in community PLM 
and every 100' on 
levee; recent fill at 
Environmental Ed. Center 

EPA 

EPA 

EPA 
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TABLE 2.1, continued 

Sampling 
Date 

5/7/86 

5/15/86 and 
5/16/86 

7/23/86 and 
8/7/86 

No. of 
Samples 

1 

* 

52 

Location 

Topsoil at WSP truck-
yard 

Ring Levee 

Truckyards 

Analytic 
Method 

PLM 

PLM 

PLM and 

:al 

TEM 

Agency 

City of SJ 
(WCC) 

City of SJ 
(WCC) 

EPA (E&E) 

*93 samples at 47 locations 

AIR SAMPLING 

8/22/83 and 
8/23/83 

10/7/83 

10/12/83 

12/15/83 to 
3/2/84 

4/11/84 and 
5/3/84 

8/16/84 to 
11/1/84 

6/18/85 

Outfall structure ? 

Fire station and N. TEM 
end of Spreckles 

Trailer Park and TEM 
N. end of Spreckles 

Mayne School, indoors TEM 
and outdoors 

2 residences, indoors TEM 
and outdoors 

26 7 sites, 5 in Alviso, TEM 
also Moffett and San 
Jose 

2 Worst case experiment TEM 
Spreckles and Michigan 

BAAQMD 

DHS 

DHS 

DHS 

DHS 

BAAQMD 

DHS 
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Table 2.1, continued 

Sampling 
Date 

No. of 
Samples Location 

Analytical 
Method Agency 

9/17/85 

9/25/85 

5/7/86 to 
5/13/86 

2 Field experiment TEM 
Spreckles and Michigan 

5 Traffic simulation, PCM 
N. end of Spreckles 

30 4 sites near levee 

MARSHLAND LANDFILL INVESTIGATIONS 

3/11/85 to 
3/25/85 3 

PCM (12) and 
TEM (18) 

SW corner of landfill Priority 
Pollutants and 
Asbestos (PLM) 

DHS 

DHS 

City of SJ (WCC) 

CalTrans/WCC 

Note: Sample locations are shown on Figures 2-1 through 2-9. 
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Table 2.2 
Truckyard Sanpling Results 

Page 1 of 2 

Sa&pllng 
Date 

nm/u 

07/23/87 

Sample 
Nunber 

A-RHH-01 

A-RHH-fl2 

A-RHIl-03 

A-RHIl-04 
A-RHH-05 

A-RHH-06 

A-RHN-07 
A-ISP-07 

A-fSP-08 

A-ISP-09 

A-ISP-10 

A-SSP-11 

A-JHH-12 

A-JHH-13 

A-JHK-14 

A-ISC-15 

A-ISC-16 

A-»SC-17 

A-fSC-18 

A-ISC-19 

A-REB-20 

A-REB-21 

A-REB-22 

A-REB-23 

A-REB-2< 

A-UAS-25 

Location 

Relnholn crane and Rigging, 
at north end of Spreckles 
ReinholD Crane and Rigging, 
at north end of Spreckles 
Reinholi Crane and Rigging, 
at north end of Spreckles 
Duplicate of A-RBK-03 
RelnholB Crane and Rigging, 
at north end of Spreckles 
ReinholD Crane and Rigging, 
at north end of Spreckles 
Duplicate of A-RHH-06 
ISP Trucking at Intersection! 
of Spreckles and state 
fSP Trucking at intersection! 
of Spreckles and state 
VSP Trucking at intersection! 
of Spreckles and State 
fSP Trucking at intersection! 
of spreckles and State 
VSP Trucking at intersection! 
of Spreckles and State 
J.K. Mattos Trucking, on 
state St. 
J.H. Kattos Trucking, on 
State St. 
J.H. Hattos Trucking, on 
state Et. 
V.S. Bennett Construction, 
1432 State St. 
V.S. Bennett Construction, 
1432 State St. 
V.S. Bennett Construction, 
1432 State St. 
V.S. Bennett Construction, 
1432 State St. 
V.S. Bennett Construction, 
1432 State St. 
Rebar Spacer cospany, 
1400 state St. 
Rebar Spacer Coapany, 
1400 State St. 
Sebar Spacer Cospany, 
1400 State St. 
Rebar Spacer Coapany, 
1400 State St. 
Rebar Spacer Coapany, 
1400 State St. 
Truckyard at end of Archer 
near State St. 

% A s b e s t o s 

1 V e r s a r 1 C l a y t o n 

1 PLH 1 PLH 

K l HD 1 

K l ND 1 

K l TR 1 <1 

!<1 TR 1 
K l TR 1 

!<1 TR 1 

K l »D 1 
!<1 TR ! 

!<1 TR ! 

K l TR ! 

K l TR ! 

!<1 TR 1 

!< i T R " T • 

K l TR ! 

K l TR ! 

K l TR ! 

K l RD ! 

K l «D ! 

K l TR 1 1? 

K l TR 1 

K l ND \ ! 

K l BD |\ 

K l ND ! \ 
1 { 

K l ND ! 

K l ND ! 1 

K l ND 1 ND 

1 
1 
1 

EAL 1 
i 

PLK 

-

-

(1 HD 
<1 HD 

1 

2 

2 

1 

1 

<1 ND 

1 

TEH 1 

0 .0554 ! 

0 .0227 1 

0 .0024 1 

0 .0018 t 

0 .0079 1 

0 .0024 ! 

0 . 0 0 9 1 1 

0 . 0 0 2 1 ! 

0 .0029 ! 

Agency 

EPA (E k E) 

Continued on next page 



Table 2.2 
Truckyard Saspllng Results 

Page 2 of 2 

ISacpllng 
IDate 

107/23/87 

' / 

I / 
1 1 

1 '"̂  

!08/07/86 

1 Saniple 
Isusber 

lA-UAS-26 
lA-UAS-27 

lA-UAS-28 

lA-BIA-3fl 
4 ^ 
lA-PAL-41 

lA-PAL-42 
lA-PAL-43 

lA-PAL-44 
• | ~ _ . . 

lA-PAL-45 

!A-PAL-46 

lA-ESC-47 

IA-ESC-48 
lA-JHK-49 

lA-JHH-50 
!A-JHH-51 
1 
IA-JHH-52 

lA-BRE-53 

lA-BRE-54 

IA-BRB-55 

lA-BRE-56 
!A-HAC-57 

lA-HAC-58 

IA-HAC-59 

!A-HAC-60 

IA-HAC-61 

IA-HAC-62 

1 
1 
Location 
1 
I 

1 

Duplicate of A-UAS-25 
Truckyard at end of Archer 
near state St. 
Truckyard at end of Archer 
near state St. 
VSP Trucking at Intersection 
Spreckles and state 
Truckyard with pallets on 
Grand Blvd. 
Duplicate of A-PAL-41 
Truckyard with pallets on 
Grand Blvd. 
Truckyard with pallets on 
Grand Blvd, 
Escalante Truckyard at 
Intersection of Pacific 
and Grand 
Escalante Truckyard at 
Intersection of Pacific 
and Grand 
Escalante Truckyard at 
intersection of Pacific 
and Grand 
Duplicate of A-ESC-47 
Truckyard at Intersection 
of El Dorado and Hoffet 
Duplicate of A-JHH-49 
Truckyard at Intersection 
of El Dorado aod Hoffet 
Truckyard at Intersection 
of El Dorado and Hoffet 
BRE Truckyard, 956 
Catherine St. 
!BRE Truckyard, 956 
Catherine St. 
IBRE Truckyard, 956 
Catherine St. 
Duplicate of A-BRE-55 
Haclel Truckyard on 
1 state St. 
Haclel Truckyard on 
istate St. 
Haclel Truckyard on 
istate St. 
Haclel Truckyard on 
istate St. 
Haclel Truckyard on 
istate St. 
iHaclel Truckyard on 
istate St. 
1 

. 
Versar 1 

|. 

PLH 1 

<1 HD 1 
<1 HD 1 

<1 TR 1 

<1 TR ! 

<1 HD ! 

<1 ND 1 
<1 ND ! 

<1 ND ! 

<1 TR 1 

<1 TR I 

<1 TR ! 

<1 TR 1 
<1 TR \ 

<1 TR 1 
<1 TR 1 

<1 TR l/ 
\ 

<1 TE 1 

<1 TR ! 

<1 8D 1 

<1 ND 1 
<1 TR ! 

<1 TR ! 

<1 TR 1 

<1 TR 1 

<1 TR ! 

<1 TR 1 

\ Asbestos 1 1 
1 1 

" 1 1 

Clayton 1 EAL 1 Agency 1 

PLH 1 PLH 

K l HD 

K l ND 

! 1 

1 1 
KD 1 

1 1 

K l HD 

K l HD 

! 1 

! 2 

2 1 

K l HD 

K l ND 

! 2 

TEH 1 1 

!E?A (E & E) 1 
0.0277 ! i 

0.0194 ! 1 

fl.flflOl 1 1 

0.0198 1 1 

0.0264 1 1 

0,0038 1 1 

0.0020 1 1 

1 J 

0.0070 1 1 

0.0027 1 1 

0.0004 1 1 

1 1 
0.0007 ! 1 

1 ! 

! ! 

! 1 
0.0318 1 1 

1 ! 
! 1 

1 1 1 
1 ! 

1 1 1 
1 1 



TABLE 4.1. DEMOGRAPHIC COMPOSITION OF ALVISO 

Description 
Percent 

Alviso San Jose 

SEX AND AGE COMPOSITION 

Total Population 
Male 
Female 
Under 5 years of age 
5 to 20 years of age 
20 to 64 years of age 
65 years of age and older 
Median age (in years) 

100 
49.5 
50.5 
10.0 
31.7 
53.5 
4.5 
22.6 

100 
49.5 
50.5 
NA 
NA 
NA 
6.2 
27.4 

ETHNIC COMPOSITION 

Total Population 
White 

White - Non Hispanic 
White - Hispanic 

Others 
Black 
American Indian 
Other 

MOBILITY 

Lived in same house 5 or more years 
Lived in different house in 
San Jose area 5 years ago 

100 
97.0 
33.2 
63.8 
3.0 
0 
3.0 
0 

40 

20 

100 
73.6 
51.3 
22.3 
26.4 
4.6 
0.8 
8.3 

NA 

NA 

Reference: Aqua-Terra, 1986. Based on a population for Alviso of 1,877 
persons, and population for San Jose of 629,000 persons. 

NA - data not available from above source. 
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TABLE 5.1 
DUPLICATE ANALYSIS RESULTS 
ASBESTOS IN SOIL AND SEDIflENT 

(ANALYSES EY TEH k PLM) 

-iocated iaiTiple; Field DuoIiLates Lab DuDlicatei 

ijaiTioles Concentration Sa/splei Concent ra t ions XRSD Sasip i 85 Conc en t r a t i on s 

bfi Ani 

i-r 
.-, ; 
-M 
ilD, 
n , 

'̂. 
'-:'•• 

U w , 

0^ 
U-J 1 

40, 

•»-f 

46, 
57, 

iC! 
J-,.-, 

i-t. 

• - I - - . 

U-L 

34 
• • ? ^ 

40 
J r-. 

'•Jl.' 

47 

41 

FL 

SL 
SL 
SL 
SL 
SL 
Cl 
ul-

SL 
UL. 

SL 

SL 
SL 
SL 
SL 
SL 
SL 
SL 
SL 

; Analyses! 

c. 
"1 

12, 
16, 

2i, 
23, 
25 

' - ' 1 

25, 

1J j J 

uO| 

37, 
40, 

42, 
46, 
46, 
57, 

(-' 
0 
J 

13 
17 
22 
24 
26 
23 
30, 3C 

34 
36 
33 
40, 41 
43 
47 
47 
53 

oxation J 
(additional background 
saaple) 

6.42 
O.OOS 
0.37 
0.346 
0.055 
0.017 
C.325 

0.044 0 
0.S3S 
0.103 
0.032 

2.8'3 
0.012 
0.273 

r, Cv 
V I uu 

0.066 
0.009 
0.144 

387 0 
1.4 
0.25 

0.024 

NG ND 

ND 
ND 
ND 
1 
1 

ND 
ND 
ND 
ND 
1 
ND 
1 

ND 
I 
ND 
2 
ND 

ND 1 
ND 
ND 
ND 
'7 

1 wn 

ND ND 
1 ND 

ND ND 

53.6 
20.2 
13.8 
5S.2 
11.5 
43.5 
54.5 
75.0 
35.5 
50.9 
20.2 

SL 10 
SL 20 
SL 40 

20,2 

47.1 

6 4 . ; 

SL 10 
SL 20 
SL 30 
SL 40 

0.013 
0.135 

0.010 
0.004 

0.044 0.337 

It! i u > 

113 

54, 

Q L . U .' 

CC fiC 
Uw' VU 

SL 50 
CC p.r' 
u u V i . 

UU U u 

Ci *?£ 

u t - u u 

ss 09 
SL 36 
SL 42 
SD 04 

0.334 

O.oe 
0.03 
0.011 
0.0016 

0.242 1 
O.OS 1 
0.067 1 
0.011 1 
0.0063 1 

ND Hi) 



Table 5.2 
Soil Asbestos Standards Ancilyses 

Analyses By TEM 

Sanple 

DOHS STD-004 
DOHS STD-005 
Lab Dup. 
DOHS STD-002 
DOHS STD-003 
DOHS STD-001 

Reported 
Concentration (R) 

0.342 
0.347 
0.321 
0,25 
21.4 
0.046 

Actual 
Concentration 

1.0 
1.0 
1.0 
.10 
5.0 
0.01 

(A) % Bias 

-65,0 
-65,3 
-67,9 
150 
328 
360 

% RSD 

69.4 
68.6 
72.7 
60,6 
87.9 
90.9 

Reported 
Concentration 

9% 
50% 

Analyses By PLM 

Actual 
Concentration 

3% 
50% 

% Bias 

200 
0 

% RSD 

70,7 
0 

R = Reported Concentration 

A •= Actual Concentration 

%Bias = (R-A)/A 

%RSD = 200 |R-A|/(1.414 (R+A)) 
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I nDi-L. Ul u 

SUHHARY OF PHASE I SURFACE SOIL PLH ASBESTOS RESULTS 
Page 1 of 

SAIiPLE 
LU',.'rt I lO i i brtftr-' 

CO-LOCATED 
SAfiPLE 

iriNftLlOlb iHubtui'Ju 

iREQUESTEDl RESULT 

rni..KirtiTc-
LUl l t iu i l 1 w 

SL-
SL-
SL-
c: . 
uu 
Sl-

3L-
SL-

SL-
Cl . 
UL. 

SL-
SL-
3L-
SL-
SL-
SL-
SL-
SL-
SL 
SL-
EL-
SL-
SL-
SL-
SL-
SL-
SL-
SL-
SL-
SL-
SL-
SL 
SL 
SL 
SL 

-014-
•015-
-043-
•006-
-005-
-055-
-053-
-042-
-055-
-045-
-044-
•040-
-036-
-026-
-020-
-004-
-057-
-050-
-041-
•035-
-030-
-025-
-022-
-020-
-019-
-002-
-058-
-054-
-052-
-051-
-049-
-048-
-047-
-046-
-040-
-033-
-037-
-035-
-034-
-033-
-032-
-031-
-030-
-029-
-028-

-001 

-001 

-001 

-OOi 

-001 

-001 

-001 

'001 

-001 
.nni './..- i 

-001 

-OOi 
-OOi 
•001 
-002 
•001 
-001 
•001 
-001 
•001 
-002 
-001 
-001 
-001 
-OOi 
-001 
-OOi 
-001 
-001 
-001 
-OOi 

-OOi 
-OOi 
-001 
-002 
-001 
-001 
-001 
-001 
-001 
-001 
-001 
-001 
-OOi 
-001 

SL-020-001 

SL-030-001 

SL-040-OOi 

CO-LOCATED WITH 042 
CO-LOCATED HITH 005 

CO-LOCATED NITH 044 

CO-LOCATED WITH 037 
CO-LOCATED HITH 025 

CO-LOCATED WITH 05B 

CO-LOCATED WITH 040 

CO-LOCATED HITH 021 

CC-LQCATED WITH 046 

CO-LOCATED WITH 035 
CO-LOCATED WITH 033 

CO-LOCATED WITH 031 

CO-LOCATED WITH 029 

CO-LOCATED WITH 027 

PLH 
PLIi 

PLH 
PL« 
PLH 
PLH 
PLK 
PLH ' 

PLN 
PLH 
PLH 
PLH 
PLK 
PLH 
PLH 
PLH 
PLH 
PLK 
PLH 
PLH 1 
PLH 
PLH 
PLK 
PLH 
PLM 
PLH 
PLK 
PLH 
PLH 
PLH 
PLK 
PLH 
PLK 
PLH 
PLH 
PLH 
PLH 
PLH 
PLH 
PLH 
PLH 
PLH 
PLH 
PLH 
PLK 

26.0 
14.0 

6.0 J 
8.0 J 
6.0 J 
4.0 J 
4.0 J 
3.0 J 
2.0 J 
2.0 J 
2.0 J 
2.0 J 
2.0 J 
2.0 J 
2.0 J 
2.0 J 
1.0 J 
1.0 J 
1.0 J 
1.0 J • 
1.0 J 
1.0 J 
1.0 J 
1.0 J 
1.0 J 
1.0 J 
•a ND 
-Cl ND 
<1 ND 
<l ND 
<1 ND 
<l ND 
•a ND 

<1 ND 
<I ND 
<1 ND 
<1 KD 
-d ND 
<1 ND 
<1 ND 
<1 ND 
(1 ND 
<1 ND 
<1 ND 
<1 ND 

Ring levee 
Ring levee 

Liberty/Catherine St. 
Alviso Harina 
Alviso Harina 

Fieid east of ring levee 
Field east of ring levee 
Liberty/Catherine St. 
Field east of ring levee 

Catherine St. 
Catherine St. 

Street dust 
Alviso Harina 

Street dust 
Street dust 



ihCt-u J « u 

SUHHARY OF PHASE I SURFACE SOIL PLH ASBESTOS RESULTS (con'd) 
Page 2 of 

jAi'ii-'Lt Jl'i \-i'..n I L 

untlruC 

CO-LOCATED 
SAHPLE 

!ANALYSIS !ASBESTOS 
iREQUESTEDl RESULT 

COHHENTS 

SL-027-001 
SL-024-001 
Cl -n-T'T'-nnl 
ui_ Ui.u U v i 

SL-021-001 
SL-018-OOi 
SL-017-OOi 
SL-016-OOi 
SL-013-001 
SL-012-001 
SL-Oil-OOi 
3L-0i0-002 
3L-OiO-O0i 
3L-009-001 
SL-OOB-001 
SL-007-001 
SL-003-001 
SL-OOi-001 

3TD-A 
STD-E 

SL-010-001 

CO-LOCATED WITH 023 

CO-LOCATED WITH 015 

CO-LOCATED WITH 012 

CO-LOCATED WITH 008 

PLH 
PLH 
PLH 
PLH 
PLH 
PLK 
PLH 
PLH 
PLH 
PLK 
PLH 
PLK 
PLK 
PLK 
PLK 
PLH 
PLK 
PLH 
PLH 

<i ND 
<1 ND 
<i ND 
<1 ND 
<1 ND 
<1 ND 
<1 ND 
<1 ND 
<1 ND 
<1 ND 
-d ND 
<1 ND 
<1 ND 
•a ND 
<i ND 
<1 ND 
-d ND 
9.0 

50.0 
EPA R.T.I STANDARD -3.0:; 

EPA R.T.I STANDARD -50.OX 

I 
TOTALS: 

62 SAKPLES 4 FIELD 
e 40 LOCATIONS DUPLICATES 

IB CO-LOCATED 
SAHPLES 



TABLE 5.4 
SUHHARY OF PHASE ! SURFACE SOIL TEh ASBESTOS RESULTS 

i SAHPLE 1 
i LOCATION 1 

i SL-014-001 ; 
1 SL-005-001 1 
1 EL-00&-001 1 
1 SL-043-OOi i 
; £L-042-O0i ! 
1 SL-025-001 1 
i SL-040-e02 1 
1 SL-021-OO; i 
i SL-025-001 1 
1 SL-035-001 1 
1 SL-022-001 1 
1 SL-047-001 1 
; SL-039-001 i 
1 SL-041-001 1 
1 SL-036-C01 1 
i SL-0i9-00i : 
1 SL-020-001 1 
i SL-046-001 1 
i SL-032-001 i 
i SL-001-OOi 1 
1 3L-053-O0i ; 
; SL-031-001 1 
1 3L-040-001 1 
1 SL-057-OOi 1 
1 SL-050-OOi 1 
! SL-058-OOl 1 
i SL-033-001 1 
1 SL-OiO-OOi 1 
1 3L-013-001 1 
i SL-002-001 1 
I SL-OiO-002 1 
1 SL-034-001 1 
1 SL-0i2-001 ; 
1 3L-020-002 1 
1 SL-048-001 1 
1 STD-OOi 1 
1 STD-002 1 
: STD-003 1 
1 STD-004 1 
; STD-005 1 
1 LAE. DUPE. 1 

TOTALS: 

1 DUPLICATE 
1 QAHDi C 
i .Jnlii i - i -

\ 
1 

1 SL-040-OOi 

1 SL-OlO-OOl 

1 SL-020-00i 

1 STD-004 
1 STD-004 

CO-LOCATED 
SAHPLE 

CO-LOCATED WITH 003 
CC-LOCATED WITH 042 

CO-LOCATED WITH 025 

CO-LOCATED WITH 021 
CO-LOCATED WITH 045 

CO-LOCATED WITH 040 
CO-LOCATED WITH 035 

CO-LOCATED WITH 031 

CO-LOCATED WITH 058 

CO-LOCATED WITH 012 

CO-LOCATED WITH 033 

ANALYSIS 
REQUESTED 

TEH 
TEH 
TEH 
TEH 
Ttn 
TEH 
TEH 
TEK 
TEH 
TEH 
TEH 
TEH 
TEH 
TEK 
TEH 
TEK 
TEK 
TER 
TEH 
TEH 
TEK 
TEH 
TEH 
TEH 
TEH 
TEK 
TER 
TEK 
TEH 
TEK 
TEK 
TEK 
TEK 
TEK 
TEH 
TEK 
TEH 
TEH 
TEH 
TEK 
TEH 

ASBESTOS 
RESULT 

102.000 J 
5.420 J 
2.690 J 
1.400 J 
0.340 J 
0.830 J 
0.390 J 
0.370 J 
0.350 J 
0.320 J 
0.280 J 
0.250 J 
0.242 J 
0.220 J 
0.144 J 
0.140 J 
0.135 J 
0.103 J 
0.070 J 
0.066 J 
0.064 J 
0.056 J 
0.044 J 
0.032 J 
0.030 J 
0.024 J 
0.017 J 
0.013 J 
0.012 J 
0.012 J 
0.010 J 
0.009 J 
0.003 J 
0.004 J 
0.003 J 
0.045 J 
0,250 J 

21.400 J 
0.340 
0.350 
0.321 

r-fiMMriiTC 
^•bllllUM 1 u 

Ring Levee 
Alviso Harina 
Alviso Harina 

Liberty/Catherine 3t. 

Ring Levee 

CA DOHS STANDARD- 0.01;; 
CA DOHS STANDARD- O.IX 
CA DOKS STANDARD- 5.OX 
CA DOHS STANDARD- l.OX 
CA DOHS STANDARD- l.OX 

LABORATORY DUPLICATE-l.OX 

BY TEK 
3 FIELD 

DUPLICATES 
11 CO-LOCATED 
DUPLICATES 



TABLE 5.5 
SUKHARY OF SUBSURFACE SOIL SAHPLE RESUL 

Page 1 of 

1 SUBSURFACE BORINb 
i NUHBER 
1 

i 

1 HONITOR WELL I 
1 . (SS-HW-OOi) 
i 

i 

i 

i HONITOR WELL 2 
; (S3-Hrt-002) 

1 HONITOR WELL 3 
1 (SS-HW-OOS) 
! 
i 

i 
1 

1 HONITOR WELL 4 
i (3S-KW-004) 

1 

1 

( 

1 HONITOR WELL 5 
i (SS-KW-005) 
I 
1 

1 BACKGROUND BORING 
1 (SS-HW-006) 
t 

1 SOIL BORING 7 
1 (SS-BOR-007) 

1 

1 SOIL BORING B 

! (SS-BOR-0081 
! 

i SCIL BORING 9 
1 (SS-BOR-009) 
! 
I 

1 

SAHPLE 
NUHBER 

S3-001-001 
SS-001-002 
SS-001-003 
SS-OOi-004 

SS-002-OOi 
SS-OC2-002 
SS-002-003 
SS-002-004 

SS-003-OOi 
SS-003-002 
SS-003-003 
E3-003-004 

SS-004-OOi 
SS-004-002 
SS-004-003 
SS-004-004 
SS-004-005 
SS-004-005 

SS-005-OOi 
SS-005-002 
SS-005-003 

SS-006-001 

SS-007-001 
SS-007-002 
SS-007-003 

SS-008-001 

SS-008-002 

SS-OOB-003 

SS-009-001 
SS-009-002 
SS-009-003 

SAHPLE 
DEPTH 

0 - 1.5 
3.5 - 5.0 
3.0 - 9.5 
8.0 - 3.5 

0 - 1.5 
0 - 1.5 
4.0 - 5.5 
9.0 - 10.5 

2.5 - 4.0' 
3.5 - 5.0 
3.5 - 10.0 
2.5 - 4.0 

0 - 1.5 
4.0 - 5.5 
9.0 - 10.5 
14.0 - 15.5 
19.0 - 20.5 
24.0 - 25.5 

0 - 1.5 
4.0 - 5.5 
9.0 - 10.5 

0 - 0.5 

0 - 1.5 
4.0 - 5.5 
9.0 - 10.5 

0 - 1.5 
3.5 - 5.0 

8.5 - 10.0 

0 - 1.5 
4.0 - 5.5 
9.0 - 10.5 

QUALITY CONTROL 
SAHPLE INFO 

DUPLICATE 

DUPLICATE 

DUPLICATE 

BACKGROUND 

PLK ASBESTOS 
RESULT 

2.0 J 
<i.0 ND 
<1.0 ND 
<1.0 ND 

1.0 J 
<1.0 ND 
<1.0 ND 
<1.0 ND 

<1.0 ND 
<1.0 ND 
<1.0 ND 
<1.0 ND 

<1.0 ND 
<1.0 ND 
7.0 

<1.0 ND 
-a.O ND 
<l.O ND 

<1.0 ND 
<1.0 ND 
<I.O ND 

1.0 J 

-d.O ND 
<1.0 ND 
<1.0 ND 

<1.0 ND 
<1.0 ND 

<1.0 ND 

5.0 J 
2.0 J 
<1.0 ND 

TEK ASBESTOS 
RESULT 

0.147 J 
NA 
NA 
NA 

NA 
0.042 J 
0.011 J 
NA 

0.003 J 
NA 
NA 

0.0015 J 

NA 
0.024 J 
NA 
NA 
NA 
NA 

NA 
0.004 J 
NA 

0.08 J 

NA 
0.013 
NA 

NA 
0.035 J 

NA 

NA 
0.474 J 
NA 

! 
1 

TCL CONTAHINANTS 1 
RESULT i 

1 

NA ! 
NA 1 

NO SIGNIF. CONCEN. 1 
NO SIGNIF. CONCEN. 1 

NA 1 
NA 1 
NA I 

NO SIGNIF. CONCEN. i 

NA 1 
NA ; 

NO SIGNIF. CONCEN. 1 
NA ! 

NA 1 
NA i 
NA ! 
NA 1 

NO SIGNIF. CONCEN. 1 
NA 1 

NA 1 
NA 1 

NO SIGNIF. CONCEN. 1 

NO SIGNIF. CONCEN. 1 

NA ; 
NA : 
NA 1 

NA 1 
NA 1 

NA 1 

NA 1 
NA 1 
NA : 



TABLE 5.5 (con'd) 

SUHHARY OF SUBSURFACE SOIL SAHPLE RESULTS 

ASBESTOS AND TARGET COHPOOHD LIST (TCL) DATA Ll - _ - "i _ t - - i 

TdQc i Ul i 

1 SUBSURFACE BORING 
i NUHBER 
1 
1 

1 SOIL BORING 10 
i (SS-EQR-010) 
1 

! 

! 
I 

1 SOIL BORING 11 
1 (SS-BOR-Oil) 

t 

1 KARSHtAND BORING G3 
1 (SS-G3) 
i 
i 

i HARSHLAND BORING G4 
1 (3S-G4) 
i 

; HARSHLAND BORING G5 
1 (SS-G5) 
1 
1 

1 HARSHLAND BORING G6 
1 (SS-86) 
1 

I 

; HARSHLAND BORING G9 
I (SS-ey) 
t 

1 HARSHLAND BORING Gil 
1 (3S-6il) 

SAHPLE 
NUHBER 

SS-OlO-OOi 
SB-010-002 
SS-010-003 
SS-010-004 

SS-011-001 
SS-011-002 
SS-011-003 
SS-Oi1-004 

SS-G03-001 
SS-G03-002 

S3-604-001 

SS-G05-001 
S3-G05-002 
SS-G05-003 

S3-G06-001 
SS-G05-002 
SS-G06-003 

SS-G09-001 
SS-S09-002 

SS-611-001 
SS-Gll-002 

SAHPLE 
DEPTH 

1.0 - 2.5 
3.5 - 5.0 
8.5 - 10.0 
3.5 - 5.0 

0 - 1.5 
4.0 - 5.5 
9.0 - 10,5 
0 - 1.5 

0 - 1.0 
8,5 - 11,5 

0 - 3.0 

0 - 1.5 
16.4 - 16.5 
16.5 - 18.0 

0 - 1.5 
4.5 - 5.5 
4.5 - 5.5 

0 - 1.5 
0 0 _ c; 0 
U* U Ul U 

0 - 1.5 
6.0 - 8.0 

QUALITY CONTROL 
SAHPLE INFO 

DUPLICATE 

DUPLICATE 

DUPLICATE 

PLH ASBESTOS 
RESULT 

<i.O ND 
<1.0 ND 
<1.0 ND 
<1,0 ND 

<i.O ND 
•d.O ND 
<1.0 ND 
<1.0 ND 

d.O ND 
-d.O ND 

d.O KD 

<1.0 ND 
1.0 
NA 

•d.C ND 
<1.0 ND 
-d.O ND 

d.O ND 
<1,0 ND 

<1.0 ND 
<i.O ND 

-

TEH ASBESTOS 
RESULT 

NA 
0.018 J 
NA 

0.010 J 

NA 
0.003 J 
NA 
NA 

0.300 
NA 

NA 

0.450 
NA 
NA 

NA 
0.010 
0.050 

NA 
0.170 

NA 
0.012 

i 

TCL CONTAKINAIITS \ 
RESULT ; 

NA : 
HA 
NA i 
NA ; 

NA i 
NA 1 
NA 
NA 

NA 1 
NO SIGNIF. CONCEN. 1 

NA 

NA i 
NA i 

NO SIGNIF. CONCEN. 1 

NA 1 
ND SIGNIF. CONCEN. I 
NG SIGNIF. CONCEN. 1 

NA 1 
NO SIGNIF. CONCEN. 1 

NA 1 
NO SIGNIF. CONCEN. i 

NA = NOT ANALYZED 
ND = NOT DETECTED 
NO SIGNIF. CONCEN. = HP SIGNIFICANT CONCENTRATION 



Table 5.6 
Asbestos Duplicate Analyses 

Ground and Surface Water 

Sample 

SW-02 

SW-02 

GW-04 

GW-05 

GW13* 

GWG5 

Type 

F 

L 

L 

F 

L 

F 

Duplicate Pair Asbestos 
Concentrations (mf/L) 

2160,3077 

3077,2575 

1867,2345 

209,318 

1.7,2.0 

70,320 

Average ' 

%RSD 

25 

13 

16 

29 

11 

91 

fe RSD' = 31% 

Explcination: 

Type - F = Field Duplicate 

L = Lab Duplicate 

GW13* - This sanple is a Field Blank 

%RSD - Percent Relative Standard Deviation 

%RSD = 200 ( IC.-Cj |/((C,+C2 ) /2)) 

Ĉ  fCj = Concentration of Duplicates 

mf/L - million fibers per liter 
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Table 5.7 
Asbestos Blank Analyses 
Ground and Surface Water 

Blank Type Total Asbestos (mf/L) 

F 2.0 

F 2.0 

L ND 

F 19 

F 21 

F 7 

L .0025 

F 1.13 

L .013 

Blank Type - F = field blank 

L = Laboratory Method Blank 

mf/L = million fibers/liters 

288:14B.1:26 



TABLE 5.8 
SUHHARY OF WATER SAHPLE RESULTS 

ASBESTOS AND TOXIC CONTAHINANT LIST (TCL) DATA 
Pa[;2 1 Of 2 

SAMPLE LOCATION 

" -- -

GUADALUPE RIVER 
(UPSTREAH) 

GUAD.ALUPE RIVER 
(DOWNSTREAH) 

GUADALUPE RIVER 
•DOWNSTREAH DUPLICATE) 

RINSATE BLANK 

HONITOR WELL 1 

m i m WELL 1 
(second round) 

HONITOR WELL 2 

MONITOR HELL 2 
(second round) 

HONITOR WELL 2 
(second round duplicate) 

HONITOR WELL 5 

HONITOR WELL 3 
(second round) 

HONITOR WELL 4 

HONITOR WELL 5 
(second round) 

SAHPLE 
NUKBER 

SW-001-001 

SW-002-001 

SW-002-002 

SW-003-001 

GH-001-OOi 

GW-001-002 

GW-002-OC1 

GW-0C2-002 

GW-002-003 

GW-003-OOi 

GW-003-002 

GW-004-001 

GW-004-002 

1 ASBESTOS 
DATE ! (TOTAL 

COLLECTED! FIBERS) 

5/21/87 

5/21/87 

5/21/87 

5/21/87 

5/25/87 

10/7/S7 

5/25/87 

10/7/87 

10/7/87 

6/25/87 

10/8/87 

6/25/87 

10/8/87 

3266 HF/L 

2150 KF/L 

3077 HF/L 

1.13 HF/L 

4774 KF/L 

NA 

2471 KF/L 

NA 

NA 

2211 HF/L 

NA 

1857 KF/L 

NA 

ASBESTOS 
(FIBERS >10 
HICRONS) 

ND 

50 KF/L 

ND 

ND 

ND 

NA 

ND 

NA 

NA 

ND 

NA 

ND 

NA 

TCL 1 COHHENTS 
RESULT 1 

NC SIGNIFICANT iW.itgr asbestos results in rail 
LEVELS DETECTED!fibers per liter. 

NO SIGNIFICANT i 
LEVELS DETECTED; 

NO SIGNIFICANT ! 
LEVELS DETECTED! 

BNA il6 ppb bi5(2-ethylhexyl)phtriia 
Idetected. Assuirisd to be labor 
icontaiTiination. 

NO SIGNIFICANT 1 
LEVELS DETECTED! 

NG SIGNIFICANT ! 
LEVELS DETECTED! 

NO SIGNIFICANT ! 
LEVELS DETECTED! 

NO SIGNIFICANT ! 
LEVELS DETECTED! 

NO SIGNIFICANT 1 
LEVELS DETECTED! 

NO SIGNIFICANT ! 
LEVELS DETECTED! 

NO SIGNIFICANT ! 
LEVELS DETECTED! 

NO SIGNIFICANT ! 
LEVELS DETECTED! 

NO SIGNIFICANT 1 
LEVELS DETECTED! 

ions oi ! 

t B 1 

atory ! 



TABLE 5.8 
SUHHARY OF WATER SAHPLE RE> 

ASBESTOS AND TOHC CONTAHINANT 1 

! SAHPLE LOCATION 

i HONITOR WELL 3 

! HONITOR WELL 3 
! (first round duplicate) 

i HONITOR WELL 4 
1 (second round) ! 

i RINSATE BLANK 

; RINSATE BLANK 

: FIELD ELANK ! 

! RINSATE ELANK 

: RI'iSATE BLANK ! 

; FIELD BLANK 

! RINSATE ELANK 

!HARSHLAND LANDFILL WELL G3 

!HARSHLAND LANDFILL WELL G5 

!HARSHLAND LANDFILL WELL G5 
! (duplicate) 

!HARSHLAND LANDFILL WELL G6 

!HARSHLAND LANDFILL WELL G5 

iHARSHLAND LANDFILL WELL G9 

!HARSHLAND LANDFILL WELL Gil 

NA = NOT ANALYZED 
ND = NOT DETECTED 

SAHPLE 
NUHBER 

ew-005-coi 

GW-005-002 

GW-005-003 

GW-00&-001 

GW-006-002 

GW-006-003 

GW-013-001 

6W-013-002 

GW-013-003 

GW-014-001 

GW-G3-001 

GW-G5-001 

GW-G5-002 

6W-G6-001 

GW-G5-002 

QW-G9-001 
t 

GW-Gll-001 

!ASBESTOS 
DATE ! (TOTAL 

COLLECTED! FIBERS) 

6/24/87 

6/24/87 

lO/B/87 

6/24/87 

10/07/87 

11/16/87 

6/25/87 

10/03/87 

11/17/87 

6/2&/37 

11/15/87 

11/17/37 

11/17/87 

11/17/87 

11/18/87 

11/13/87 

,11/16/87 

209 HF/L 

313 HF/L 

NA 

19 KF/L 

NA 

2 KF/L 

21 HF/L 

NA 

1.7 HF/L 

7 HF/L 

NA 

320 HF/L 

70 KF/L 

NA 

NA 

NA 

! NA 

M|i TC 
J'JU 1 u 

.1ST (TCL) DA 

ASBESTOS 
(FIBERS )10 
HICRONS) 

8.4 HF/L 

ND 

NA 

ND 

NA 

ND 

ND 

NA 

ND 

ND 

NA 

ND 

10 HF/L 

NA 

NA 

NA 

NA 

'A 
1 

Page 2 of 2 • 

TCL 
RESULT 

NO SIGNIFICANT 
LEVELS DETECTED' 

NO SIGNIFICANT . 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED; 

VOLATILE i 

NO SIGNIFICANT 
LEVELS DETECTED 

NO SIGNIFICANT ' 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED 

NQ SIGNIFICANT 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED 

NO SIGNIFICANT 
LEVELS DETECTED 

NQ SIGNIFICANT 
•LEVELS DETECTED 

.NO SIGNIFICANT 
LEVELS DETECTED 

I 

NQ SIGNIFICANT 
1 LEVELS DETECTED 

; volatile 

COHHENTS • 

i 

IS ppb 2-Butanone detected; assumed to ! 
be laboratory contaaiination. j m 

^* 

m 

^M 

^ 1 

! 
1 

Ĥ 

• 

Very lov yieldisaiDpIe for fall organicsl 
onlyi • 

.Very lov yield; sample for sietals only.l 

Very low yield; sampled for volatiles " 
!only, ! 

fli 

!320 ppb trichloroethene detected. m 



TABLE 5.9 
AIR DUPLICATE DATA 

Sample 
1 ID 

!1-004 
2-004 
!2-03eE 
3-004 
!4-003 
4-004 
!4-010E 
4-029E 
!4-030E 
!4-035E 
!4-038E 
!4-041E 
!4-042E 
!4-045E 
!4-049E 
!5-004 
!5-03eE 
5-041E 
!5-042E 
.5-045E 
!5-049E 
3-041E 
15-049E 
!1-021 
!3-025 
11-035 
!3-047 
!4-030E 
!4-045E 
!2-023£ 
!5G-022 
IIG-OIOE 
!lA-003 

1 
1 

1 
1 

r 
1 

Duplicate ! Structure-
Type 1 per Cubic Heter 

Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 

. Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 
Field 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 

2800 
7800 
1000 
7500 
1020 
3200 

0 
1500 

0 
3000 
1000 
4400 

0 
1500 

0 
0 
0 
0 

14500 
0 
0 

6200 
0 
0 
0 
0 
0 
0 

1500 
0 
0 
0 

3700 

Average XRSD Values 

2400 
5600 

0 
6900 
4800 
8000 

0 
5500 
1500 
2000 

0 
5900 
1500 
5500 

0 
3300 
8000 
3000 
5900 
1000 

0 
6200 

0 
.0 
0 
0 
0 
0 

1600 
0 
0 
0 

1900 

XRSD 

10.9 
11.8 

5.9 
50.9 
50.6 

81.7 

28.3 

20.5 

69.1 

60.0 

0.0 

4,5 

45,5 

34.5 

PCHE 
per Cubic Heter 

0 
0 

1000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1000 
0 
0 
0 
0 
0 
0 
0 

3100 
0 
0 
0 
0 
0 
0 

1000 
0 
0 
0 

900 

0 
0 
0 

500 
0 

1400 
0 

800 
BOO 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3000 
0 
0 
0 
0 

XRSD I 

70.7 1 

70.7 ! 



Table 5.10 
Comparison of PCN and PCME Analyses 

Sample 

AQ-2A-004 
AQ-3A-004 
AQ-3B-004 
AQ-4A-004 
AQ-4B-004 
AQ-5B-004 
AQ-2A-010E 
AQ-2A-010E 

PCM (Fibers/m^) 

1,200 
2,100 
2,700 
2,900 
2,100 
1,000 
1,300 
1,600 

PCME (Fibers/m^) 

ND 
ND 
600 
ND 

1,400 
ND 

2,300 
2,300 

PMC - Asbestos PCM fiber concentrations determined by Phase 

Contrast Microscopy. 

PCME - PCM equivalent fibers detemiined by Transmission Electron 

Microscopy. Sanples were prepared for analysis by the 

direct method. 
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Table 5.11 
Episodic Sanqple Resiilts 

Asbestos Concentrations 
(s t ruc tures / ta ' ) 

Episode 
Date 

08/19/87 
09/24/87 
09/25/87 
10/07/87 
10/09/87 
10/15/87 
10/16/87 
10/22/87 
10/31/87 

Wind 
Direction 
(Azimuth) 

300-315 
315-355 
320-360 
335-340 
295-355 
70-180 
290-315 
270-335 
280-330 

Station 1 

ND 
ND . 

1600 
ND 
ND 

4600 
1500 
4200 
1500 

Station 2 

8100 
2400 
NA 

9000 
1700 
4400 

16,500 
NA 
ND 

Station 3 

1500 
800 
ND 

1800 
9720 
6200 
ND 

28,000 
1500 

Station 4 

ND 
3100 
1000 
2400 
1000 
5151 
950 

11,000 
600 

Station 5 

700 
800 
NA 

7,500 
2,800 
3,000 
5,900 
10,400 

ND 

NA - Sample not analyzed due to overloading 
ND - No s t ruc tu res observed 
Duplicate concentrations are averaged 

288:14B.1:19 



Table 5.12 

Phase I 

Basic Statistics on Asbestos Structures by Station 

Coijnt 
Average 
Standard Deviation 
Std. Dev, of Mean 
Upper 95% Conf, 
Lower 95% Conf. 

Median 
75th Percentile 
90th Percentile 
Maximum 

Frecjuency Table 
<1000 
1000 to 2000 
2000 to 3000 
3000 to 4000 
4000 to 5000 
5000 to 6000 
6000 to 7000 
>7000 

Limit 
Limit 

Station 

22 
1550 
1574 
336 
2248 
852 

950 
2100 
4200 
5200 

11 
3 
4 
1 
2 
1 
0 
0 

Asbestos Concentrations 

1 Station 2 

22 
3110 
3961 
844 
4867 
1354 

1700 
3400 
8100 
16500 

10 
2 
2 
2 
1 
1 
0 
4 

Station 

22 
5024 
7698 
1641 
8438 
1610 

1500 
6200 
10300 
28000 

10 
3 
1 
1 
0 
0 
1 
6 

(structures/m^) 

3 Station 4 

22 
2624 
2885 
615 
3903 
1345 

1100 
3400 
7500 
16000 

10 
3 
2 
2 
0 
2 
0 
3 

Station 5 

22 
2931 
3430 
731 
4452 
1410 

1780 
2800 
10000 
10500 

10 
5 
2 
0 
0 
1 
0 
4 

Stations 2, 3 
Combined 

66 
3586 
5410 
666 
4891 
2280 

, 4 
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Number of Samples 

Number Detected 

% Detected 

Average (PCME/m^) 

PCME Sunnnma 

1 

23 

2 

8.7 

2,350 

Table 5.13 

Phase I 
ry Statistics by Station 

Station Number 

2 

24 

8 

33 

1,725 

3 

24 

6 

25 

3,070 

4 

33 

5 

15 

920 

5 

23 

3 

13 

970 

Number of Samples 

Nuniber Detected 

Percentage Detected 

Average 

= # of Samples Analyzed 

= # of Samples containing 
detectable PCME Fibers 

Percentage of Samples 
containing detectable PCME 
Fibers 

Average of detectable 
concentrations 
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Table 5.14 

Paired Difference Analysis 

Count 

Average 

Standard Deviation 

Standard Error 

Standard Variable (z) 

Stations 
1 and 2 

21 

1890 

4220 

926 

2.05 

Pairs 
Stations 
1 and 3 

22 

3490 

7390 

1570 

2,21 

Stations 
1 and 4 

22 

1090 

2454 

523 

2.08 

Concentrations in Asbestos Structures/m 

Co\jnt 

Average 

Standard Deviation 

Standard Error 

z 

= Number of pairs (n) 

= Average difference (x) 

= Standard deviation of the 
differences (s) 

= s/ /n = S 

= x/S, 
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TABLE 5.15 

Conparison of Phase I and Phase II Asbestos Analysis 

Indirect Analyses (Phase II) 
Sample ID Total PCME 

Direct Analyses (Phase I) 
Sanple ID Total PCME 

AQ-OlB-009 
AQ-OlB-015 
AQ-OlB-025 
AQ-OlB-026 
AQ-OlB-030 
AQ-OlB-041 
AQ-02B-010 
AO-02B-015 
AQ-02B-021 
AQ-02B-025 
AO-02B-026 
AQ-02B-047 
AQ-03A-036 
AQ-03B-035 
AO-03B-040 
AO-03B-043 
AQ-04A-015 
AQ-04A-021 
AQ-04A-025 
AQ-04B-009 
AO-04B-026 
A^04B-035 
AC>-04B-047 
AQ-05B-009 
AQ-05B-015 

140,000 
43,000 
850,000 
8,100 

190,000 
47,000 
540,000 
820,000 

1,100,000 
1,300,000 

69,000 
1,000,000 
1,500,000 
830,000 
180,000 

1,500,000 
990,000 
420,000 
230,000 
330,000 
47,000 

1,800,000 
220,000 
690,000 
65,000 

EMS Direct Analyses 

AQ-OlB-009 
AO-04B-009 
AQ-05B-009 

2,300 
2,300 
16,000 

310 
90 
860 
0 

210 
80 
430 
980 

8,500 
1,200 
650 

1,100 
4,500 
1,300 
310 

7,600 
600 
710 
510 
390 
140 

3,300 
630 

1,100 
40 

10 
30 
190 

AQ-OlA-009 
AQ-OlA-015 
AQ-OlA-025 
AQ-01-026 
AQ-01-030E 
AO-01A-041E 
AQ-02A-010E 
AQ-02A-015 
AQ-02A-021 
AQ-02A-025 
AQ-02A-026 
AQ-02A-047 
AQ-03B-036E 
AO-03A-035 
AQ-03A-040 
AQ-03A-093 
AO-04B-015 
AQ-04B-021 
AO-04B-025 
AQ-04A-009 
AQ-04A-026 
AQ-04A-035 
AQ-04A-047 
AQ-05A-009 
AQ-05A-015 

2,100 
2,100 

0 
0 

1,600 
4,600 
9,000 
3,400 

0 
900 
0 

2,600 
2,000 
26,000 

0 
NA 

1,000 
0 

1,000 
7,600 

0 
2,800 
3,400 
10,000 
2,000 

0 
0 
0 
0 
0 
0 

2,300 
0 
0 
0 
0 
0 
0 

8,000 
0 

NA 
0 
0 
0 
0 
0 
0 
0 

1,000 
0 

Clayton Direct Analyses 

AQ-OlA-009 
AO-04A-009 
AQ-05A-009 

2,100 
7,600 
10,000 

0 
0 

8,000 

NOTES: 1) Clayton Environmental performed the Phase I analyses. 

EMS performed the Phase II reanalysis, 

2) A zero indicates no observable fibers, 

3) Concentrations in asbestos structures/m 

4) NA = Not analyzed due to overloading. 
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Table 5.16 

Phase II 

Statistics on Particulate Data 

Total Suspended Particulates 

Sta t ion Co\int Average Standard Deviation 

1 
2 
3 
4 
5 

4 
5 
3 
7 
2 

57,3 
132.7 
102.2 

73,4 
90,7 

20.4 
44,2 
34,9 
25.6 
39.0 

Station Count 

PM-10 

Average Standard Deviation 

1 
2 
3 
4 
5 

4 
5 
3 
7 
2 

47.4 
59,9 
66.9 
48.1 
35,6 

30.3 
20.0 
22.7 
20,3 
8,2 
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Table 5.17 

Correlation Coefficients For 
Asbestos and Particulate Scatterplots 

Asbestos Structures 

PCM Equivalents 

Correlation Matrix 

TSP 

.72 

,54 

PM 10 

,56 

,31 

Values presented in the correlation matrix are correlation 
coefficients (r), 

Exanple: The correlation coefficient between PCM and PC-10 
concentrations is ,31, 

See Figures J-21 through J-24 for associated plots. 
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Table 5.18 

Basic Statistics on Phase II Asbestos Concentrations 

Coxmt 

Total Asbestos Structures 

Average 

Station 1 
Stations 2,3,4 
Station 5 
Station 2 
Station 3 
Station 4 

6 
16 
2 
6 
3 
7 

Standard 
Deviation 

213,000 
711,000 
378,000 
805,000 
837,000 
577,000 

292,000 
522,000 
313,000 
405,000 
539,000 
571,000 

Count 

PCME Structures 

Average 
Standard 
Deviation 

Station 1 
Stations 2,3,4 
Station 5 
Station 2 
Station 3 
Station 4 

6 
16 
2 
6 
3 
7 

260 
1,580 
570 

2,140 
2,040 
900 

290 
2,110 
530 

2,850 
1,790 
1,000 
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TABLE 7-1 

BACKGROUND CONCENTRATIONS OF INORGANIC CHEMICALS PRESENT 
IN SOILS AND SURFACE WATER IN THE REGION OF THE SOUTH BAY ASBESTOS AREA SITE 

AND IN WESTERN UNITED STATES 

Chemical 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Silver 
Sodium 
Vanadium 
Zinc 

Surficial 
Soi] .s 
(mg/kg)' 

60,000 - 85,000 
<1 

5.3 
600 

- 8,3 
- 850 
<1 

15,000 
85 

12.5 
25 

25,000 
25 

12,500 
400 
0.17 
25 

13,500 

15,000 
125 
97 

NT 
- 35,000 
- >2000 
- >70 
- 40 
- 40,000 
- >700 
- 10,000 
- 600 
- 0.26 
- >700 
- 18,000 
NT 
- >100,000 
- >500 
- >3,500 

B Hor 
Soi 

Weste 

izon 
Is, 
rn U.S. 

(mg/kg)° 

5,000 

<0.2 
70 
<10 
<1 
100 
3 
<3 
2 

1,500 
<7 

5,000 
30 

0.01 
<3 

1,900 
<0.5 
500 
7 

<10 

- >100,000 
NT 
- 97 
- 5,000 
- 300 
- 10 
- 400,000 
- 1,500 
- 50 
- 300 
- >100,000 
- 700 
- 100,000 
- 5,000 
- 4.6 
- 700 
- 63,000 
- 5 
- 100,000 
- 500 
- 2,000 

Surface 
Water 

(ug/liter j*" 

22 

16 

9 

ND - 10 
2 - 3 
NT 
NT 
NT 

ND - <1 
,000 - 48, 

10 
NT 
2 

<10 - 60 
2 - 5 

,000 - 38, 
ND - 20 

ND 
ND 
NT 
NT 

,100 - 23, 
NT 

50 - 90 

000 

000 

000 

NT = Not tested. Chemical was not an analyte for surface water or soil 
samples. 

ND = Not detected. 

Shacklette and Boerngen (1984). California surficial soil concentrations in 
the region of the South Bay Asbestos Area. 

"Connor and Shacklette (1975). 
°USGS (1982). Guadelupe River at San Jose. 



.TABLE 7-2 

SUMMARY OF PHASE II INDIRECT ASBESTOS REANALYSIS (a) 

Date Sampled 
(Sample No.) 

8/18/87 (009) 
8/19/87 (010)E 
8/30/87 (015) 
9/11/87 (021) 
9/17/87 (025) 
9/20/87 (026) 
9/25/87 (030)E 
10/5/87 (035)E 
10/7/87 (036) 
10/14/87 (040)E 
10/15/87 (041)E 
10/17/87 (043)E 
10/26/87 (047) 

Sunmary 
Information 

No. of Samples 
Analyzed 

Frequency of 
Detection 

Geometric Mean 
Concentration (b) 

Maximum 
Concentration 

Station 1 

310 
— 
90 
... 
860 
50 U 
210 
— 
— 
— 
80 
— 
— 

6 

5/6 

147 

860 

Concentration 

Station 2 

.. * 

430 
980 

8,500 
1,200 
650 
— 
— 
— 
— 
— 
— 

1,100 

6 

6/6 

1,206 

8,500 

(PCMe struc 

Station 3 

... 
— 
— 
... 
— 
— 
— 

1,300 
4,500 
310 
— 

7,600 

4 

4/4 

1,927 

7,600 

tures/m3) 

Station 4 

390 
— 
600 
710 
510 
140 
— 

3,300 
— 
— 
— 
— 
630 

7 

7/7 

589 

3,300 

Stations 2-4 

... 
— 
— 
... 
— 
— 
— 
— 
— 
— 
— 
— 
... 

17 

17/17 

1,003 

8,500 

Station 5 

1,100 
— 
40 
... 
— 
— 
— 
— 
— 
— 
— 
— 
.---

2 

2/2 

210 

1,100 

(a) Samples are from CDM's Phase II reanalysis of Phase I ambient air sanples. Station 1 is located 
upwind. Stations 2-4 on site, and Station 5 off-site downwind. 

(b) Geometric means were calculated using one-half of the reported detection limit for undetected 
samples. 

U = Not detected. The listed value is the detection limit. 
E = Episodic (4- to 12-hour average) sample. All others are 24-hour average samples. 

Source: U.S. Environmental Protection Agency (USEPA). 1988. Memorandum from K. 
Kitchingham, Environmental Services Branch, to G. Baker, Remedial Branch TWPD. EPA REgion IX. 
Subject: Review of Analytical Data for the South Bay Asbestos Site. 



TABLE 7-3 

COMPARISON OF STATE BACKGROUND LEVELS (SAI 1981) 
AND PHASE I DIRECT DATA (1987) 

Asbestos Concentration 
(TEM f/m3) 

Asbestos Concentration 
(TEM structures/m3) 

Sample Location Asbestos Source Type Range 
Geometric 
Mean ̂ b) Range 

Geometric 
Mean (b) 

SAI (1981) Study (a) 

Sonera 
San Jose 
San Diego 
Napa 
Oildale 
Sherman Oaks 

Natural Deposits 
Industrial 
Urban 
Non-Urban 
Non-Urban 
Urban 

4,800 -
11,800 -
2,900 -
4,700 -
3,100 -
16,000 -

14,400 
23,900 
27,500 
11,800 
104,000 
28,000 

5,200 
19,300 
9,600 
7,000 
9,400 
9,900 

NR 
NR 
NR 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 

Phase I RI 1987 SBAA Air Data (c): 

Station 1 foff-site/upwind) 
Stations 2-4 Ion-site) 
Station 5 (off-site/downwind) 

<500 - 2,800 
<350 - 10,300 
<450 - 8,700 

NC 
NC 
NC 

<350 - 2,800 
<350 - 28,000 
<450 - 10,500 

NC 
1,000 
960 

(a) SAI collected four four-hour samples at each sample location on a single day. Samples were analyzed using transmission 
electron microscopy (TEM), Only fibers with a length:diameter ratio > 3 were counted. Nearly all fibers observed 
were less than 5 um in length, and most samples had mean diameters less than 1,5 um (SAI 1981j. 

(b) Geometric means were calculated using one-half the detection limit for non-detected samples, 

(c) Phase II indirect data cannot be compared with SAI or Phase 1 data because the Phase II data are measured in 
PCMe structures/m3. 

NR = Not reported. 

NC = Not calculated because of the infrequent detections of asbestos, except for the USEPA Roads Study data for 
which insufficient information was available to calculate a mean. 



TABLE 7-4 

SUMMARY OF ASBESTOS CONCENTRATIONS IN SURFACE SOIL 
IN THE SOUTH BAY ASBESTOS SITE AREA* 

Location 

Frequency 
of 

Detection 

Concentration (%) 

Geometric Mean Maximum 

Residential Areas 
- Town of Alviso' 
- Summerset Trailer Park' 

George Mayne School" 

Environmental Education Center' 

Vacant Lots* 

Truckyards" 

Roads 
- Street Dust 
- Streets' 

19/72 <1 

13/26 <1 

12/20 1,7 

11/23 1.8 

0/3 (RI samples <1 
only) 

8/43 <1 
25/39 <1 

7/13 <1 
69/196 <1 

8 
10 

20 

40 
<1 

10 

19 

3 
10 

'Based on surface soil samples collected by Cal/OSHA (1983), DHS (1983), USEPA (1985), 
Ecology and Environment (1986), Woodward-Clyde Consultants (1986) and during the RI. 
Concentrations are reported in PLM area%. 
Geometric means were calculated using one half of the detection limit for non-detected 
samples. Detection limit for all samples except DHS samples is 1%; .DHS detection limit 
is 0.01%. 
Maximum may no longer be indicative of on-site surface soil conditions because of 
emergency response actions. 
Includes samples collected from yards and vacant lots in the area bounded by Taylor Street 
and the Levee to Spreckles Avenue, and State Street to Gold Street. Geometric mean 
obtained using 12 samples from vDHS, 50 samples from USEPA, and 10 samples from the RI. 
All values less than one percent will be reported as <1%. 
15 samples from USEPA and 11 samples from ,DHS. 
20 samples from USEPA; samples were collected prior to paving of schoolyard. 
20 samples from USEPA and 3 samples from the RI. 
Includes all vacant lots in non-residential areas; 7 samples from .DHS, 36 samples from 
USEPA, and 9 samples from the RI. 

Samples collected primarily from truckyards along State Street; 24 samples from E&E (TMA 
reanalysis), 11 samples from DHS, and 4 samples from the RI. 
5 samples from the RI, and 8 samples from USEPA. 
176 samples from USEPA, and 20 samples from DHS. 



TABLE 7-5 

CONCENTRATIONS OF CHEMICALS FOUND IN GROUNDUATER IN THE SOUTH BAY ASBESTOS SITE AREA (a) 

Chemical 

Asbestos 

Soluble Inorganic Compounds 

Aluminum 
Cadmium 
Arsenic 
Antimony 
Calcium 
Barium 
Chromium (totaO) 

C^^^[ 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassim 
Silver 
Sodium 
Tin 
Vanadium 
Zinc 

Organic Compounds 

Acetone 
2-Butanone 
Chloroform 
Naphthalene 
Bis(2-ethylhexyl)phthalate 
Benzyl Alcohol 
Endrin 
Endosulfan Sulfate 
4-Methylphenol 
PentachIorophenoI 
Toluene 
Trichloroethene 

Frequency 
of Detection 

7/7 

8/13 
5/13 
2/12 
3/13 
13/13 
12/13 
3/13 
9/12 
11/13 
3/13 
13/13 
8/13 
13/13 
13/13 
10/13 
9/13 
12/13 
3/13 
13/13 

6/13 
13/13 

2/14 
1/14 
1/14 
3/14 
1/14 
2/14 
1/13 
1/13 
2/14 
1/14 
1/14 
1/14 

Concentration 

Geometric Mean (c) 

1,102 mf/L 

102 
<4 
<10 
<60 

75,400 
219 
<10 
<11 
<30 
<10 

<1,050 
9.3 

303,000 
1,590 
1.9 
57 

59,100 
<4 

3,830,000 
NC 
<36 
65 

<10 
NC 
NC 
<10 
NC 
<10 
NC 
NC 
<10 
NC 
NC 
NC 

ug/L 
(d) 

(ug/L) (b) 

Maximum 

4,774 mf/L 

220 ug/L 
33.1 
14.2 
183 

534,000 
2,380 

33 
42.4 
174 
60 

57,700 
63 

924,000 
6,850 

18 
989 

986,000 
11 

11,600,000 
40 
33 
417 

12 
3 
1 
11 
10 
2 

0.08 
0.09 

3 
3 
1 

320 

(a) Based on groundwater samples collected by CDM during the RI. Includes data 
designated by the USEPA data validators as estimated. 

(b) Results for all chemicals except asbestos are reported in ug/liter; asbestos 
results are reported as million fibers/liter (mf/L). 

(c) Geometric means were calculated using one half of the detection limit for non-
detected sanples. 

(d) Geometric mean value is lower than the detection limit for this conpound. The 
detection limit is given as an upper bound for the geometric mean. 

NC = Not calculated because the analyte was detected fn less than 10% of the sanples. 



TABLE 7-6 

REPORTED INDIRECT PHASE II RENANALYSIS STRUCTURE CONCENTRATIONS 
AND EQUIVALENT DIRECT CONCENTRATIONS 

Measured Concentration 
From Phase II 

Indirect Analysis 
(PCMe structures/m3) 

Equivalent Direct Analysis 
Concentration: Conversion 
Factor Range of 2 to 30 
(PCMe structures/m3) (a) 

Sampling Station 

1: Upwind/Off-Site 

2-4: On-Site 

5: Downwind/Off Site 

Geometric 
Mean 

147 

1,003 

210 

Maximum 

860 

8,500 

1,100 

Average Case 
Conv.=1/30 Conv.=1/2 

5 

33 

7 

73 

502 

105 

Maximum Case 
Conv.=1/30 Conv.=1/2 

29 

283 

37 

430 

4,250 

550 

(a) Concentrations reported from Phase II as PCMe structures/m3 are considered most 
representative of concentrations relevant for risk assessment. Indirect concentrations 
are converted to equivalent direct concentrations by dividing by a range of possible 
conversion factors, 2-30 (ESAT 1988). 



TABLE 7-7 

EXCESS LIFETIME INHALATION CANCER RISKS FOR ASBESTOS IN AMBIENT AIR 

(Based on Phase II Reanalysis Data)* 

Sampling Location 

Station 1 Stations 2-4 Station 5 
upwind/ on-site downwind/ 

Cancer Risk Estimate off-site off-site 

Excess Lifetime Mesothelioma 
Risk: Females 

Average Case 1x10"' - 2xl0" IxlO" - 1x10'* 2x10'* - 3xl0" 
Maximum Case 8x10'' - 1x10'* 8x10'' - 1x10'" IxlO'' - 2x10'* 

Excess Lifetime Mesothelioma 
Risk: Males 

Average Case IxlO" - 1x10'* 6x10"' - 1x10"* IxlO" - 2x10"' 
Maximum Case 6x10'* - 8x10"' 5x10'' - 8x10"* 7x10"' - 1x10"* 

Excess Lifetime Lung Cancer 
Risk: Females 

Average Case SxlO" - 4x10"' 2x10'* - 3x10'' 4x10"'' - 5x10"' 
Maximum Case 1x10"' - 2x10"' 1x10"' - 2x10"* 2x10"' - 3x10"' 

Excess Lifetime Lung Cancer 
Risk: Males 

Average Case 9x10"'' - IxlO" 6x10'' - 9xl0" 1x10"' - 2x10'' 
Maximum Case 5x10'* - 7x10"' 5x10"' - 7x10"* 6x10"' - 9x10"' 

* Calculated based on Phase II reanalysis air data and health risk Table 6-1 in Appendix J. 
For each case (average and maximum), a range of risks is presented to correspond with the 
range in conversion factors between indirect PCMe structures and equivalent direct PCMe 
structures (2-30), 



TABLE 7-8 

ESTIMATION OF EXPOSURE POINT CONCENTRATIONS 
FOR INHALATION OF ASBESTOS AT VARIOUS 

LOCATIONS IN CALIFORNIA (a) 

Sanple 
Location 

Sonora 
San Jose 
San Diego 
Napa 
Oildale 
Shemian Oaks 

Asbestos Source 
Type 

Natural deposits 
Industrial 
Urban 
Non-urban 
Non-urban 
Urban 

Asbestos Air 
Concentration 
(TEM f/m3) 

Geometric 
Mean 

5,200 
19,300 
9,600 
7,000 
9,400 
9,900 

Max inun 

14,400 
23,900 
27,500 
11,800 

104,000 
28,000 

Equivalent Asbestos 
PCM Air Concentration 

(PCM f/m3) 

Average Maximum 
Case 

88 
328 
163 
119 
160 
168 

Case 

245 
406 
468 
201 

1,768 
476 

(a) Source of ambient air data: SAI (1983), 
(b) Direct TEM f/ni3 concentrations were converted to equivalent direct PCM f/ni3 by 

multiplying by a factor of 0.017 (based on NRC 1983). 



• TABLE 7-9 

EXCESS LIFETIME INHALATION CANCER RISKS 
AT VARIOUS LOCATIONS IN CALIFORNIA^ 

Sample Location 

Excess Lifetime 
Mesothelioma Risk 

Females Males 

Excess Lifetime 
Lung Cancer Risk 

Females Males 

Sonora 
Average Case 
Maximum Case 

San Jose 
Average Case 
Maximum Case 

San Diego 
Average Case 
Maximum Case 

Napa 
Average Case 
Maximum Case 

Oildale 
Average Case 
Maximum Case 

Sherman Oaks 
Average Case 
Maximum Case 

2x10-^ 
7x10'^ 

9x10"^ 
1x10"^ 

5x10'^ 
1x10"* 

3x10"= 
6x10"= 

4x10"= 
5x10"* 

5x10'= 
1x10"* 

2x10"= 
5x10"= 

6x10"= 
8x10'= 

3x10'= 
9x10"= 

2x10"= 
4x10"= 

3x10"= 
3x10"* 

3x10"= 
9x10"= 

4x10"' 
1x10"= 

2x10"= 
2x10"= 

8x10"' 
2x10"= 

6x10"' 
1x10"= 

8x10"' 
9x10'= 

8x10"' 
2x10"= 

1x10'= 
4x10'= 

6x10'= 
7x10'= 

3x10'= 
8x10'= 

2x10"= 
3x10"= 

3x10"= 
3x10"* 

3x10"= 
8x10"= 

^ Excess lifetime cancer risks were calculated from Table 6-1 in Appendix J (USEPA 
1986a) by scaling to differences in air concentrations for lifetime risk 
estimates. Source of ambient air data was SAI (1983), 



TABLE 7-10 

EXPOSURE PARAMETER VALUES USED TO ESTIMATE INHALATION EXPOSURES TO RESIDENTS NEAR UNPAVED ROADS 

Residents Living Near 

Unpaved Truckyards 

Exposure Parameter 

Average 

Case 

Maximun 

Case 

Age Period of Exposure (years) 

Total Years Exposed (years) 

Frequency of Exposure (events/yr) 

Duration of Event (hours/event) 

Lifetime 

70 

100 

2 

Lifetime 

70 

250 (a) 

8 

(a) Assumes exposure occurs 2 times/week for 50 weeks per year for the average case 

(100 events/year) and 5 times/week for the maxinun case (250 events/year). 



7-11 

EXCESS LIEETIHE INHAL&TIOH CAHCER RISKS ASSOCIATED HITH RESIDENTS LIVING NEAR UNPAVED ROADS 

Location 

Residents 
- Truckyards 

- Roadvays 

- Street Dust 

Gender* 

Peaale 
Peaale 
Kale 
Hale 

Peiale 
Fenale 
Hale 
Hale 

Fenale 
Female 
Kale 
Hale 

Endpoint 

Hesotbelioia 
Lung Cancer 
Kesotheliona 
Lung Cancer 

Kesotheliona 
Lung Cancer 
Kesotheliona 
Lung Cancer 

Kesotheliona 
Lung Cancer 
Kesotheliona 
Lung Cancer 

Individual Excess Lifetine Cancer Risk 

Average Case 

HC 
NC 
NC 
HC 

NC 
HC 
NC 
HC 

HC 
HC 
NC 
HC 

HaxinuD Case 

>3xlO"'" 
>3xlO'' 
)3xlO'' 
>3xlO'' 

>3xl0"' 
>3xl0" 
)3xlO"' 
>3xl0" 

>3xl0'' 
>3xlO"' 
>3xl0"' 
>3xlO"' 

HC = Risk could not be calculated. 

* For exposure scenarios vith continuous exposures greater than a year, risks vere estinated fron the health risk table in 
Appendix J for nales and fenales and nesotheliona and lung cancer. For continuous exposure durations less than one year, risks 
vere estinated using the unit risk factor and are representative of both nales and fenales. 

Risk table is not quantified for risks greater than 3x10' 



TABLE 7-12 

EXPOSURE PARAMETER VALUES USED TO ESTIMATE EXPOSURES VIA DIRECT CONTACT WITH SOIL AND SUBSEQUENT INCIDENTAL INGESTION 

Exposure Parameter 

Scenario 1 
Children in 

Non-Residential Areas 

Average 
Case 

Maxinun 
Case 

Scenario 2 
Lifetime Exposure to 
Residential Soil 

Average 
Case 

Maxinun 
Case 

Age Period of Exposure (years) 
Total Years Exposed (years) 
Average Body Weight (kg) (a) 
Frequency of Exposure (events/yr) 
Incidental Soil Ingestion 
Rate (mg/event) (b) 

5-11 
7 
29 
104 

64 

5-16 
12 
39 
156 (c) 

241 

Lifetime 
70 
62 
104 

54 

Lifetime 
70 
62 
156 (c) 

145 

(a) Average body weight for period of exposure based on a weighted average of age-specific body 
weights presented in USEPA (1985). 

(b) Incidental soil ingestion rate is a weighted average over total exposure period based 
on data in LaGoy (1987). 

(c) Assimes exposure occurs 2 times/week every week of the year for the average case (104 events/year) 
and 3 times/week every week of the year for the maxinun case (156 events/year). 



TABLE 7-13 

ESTIMATED CHRONIC DAILY INTAKES ASSOCIATED WITH 

INCIDENTAL INGESTION OF ASBESTOS FROM SURFACE 

SOIL BY INDIVIDUALS IN THE SOUTH BAY ASBESTOS SITE AREA 

RECEPTOR AND 

EXPOSURE 

LOCATION 

EXPOSURE POINT 

CONCENTRATION 

(PLM areaX) 

Geometric 

Mean Maxinun 

ESTIMATED CHRONIC 

DAILY INTAKE (a) 

(mg/kg/day) 

Plausible 

Average Maxinun 

Case Case 

Children playing in: 

Non-residential Areas 

(i.e., vacant lots) 
<1 10 NC 4.53E-02 

Residents: 

Town of Alviso 

Simnerset Trailer Park 

<1 

<1 

8 

10 

NC 

NC 

8.00E-02 

1.00E-01 

The notation "1E-06" is equivalent to 1x10-6 or 0.000001 

<1 s Calculated geometric mean is less than the detection limit. 

NC = Not calculated 

(a) Exposure assunptions differ for school children, trespassers, workers and residents. 

See text for description of exposure assunptions. 



TABLE 7-14 

EXCESS LIFETIME CANCER RISKS FOR INDIVIDUALS EXPOSED TO 

ASBESTOS VIA INCIDENTAL INGESTION OF SOIL IN THE SOUTH BAY ASBESTOS SITE AREA 

RECEPTOR AND 

EXPOSURE 

LOCATION 

ESTIMATED CHRONIC 

DAILY INTAKE 

(mg/kg/day) 

Plausible 

Average Maxinun 

Case Case 

CANCER 

POTENCY 

FACTOR 

(mg/kg/day)-1 

EXCESS UPPER BOUND 

LIFETIME CANCER RISK 

Average Maxinun 

Case Plausible 

Case 

Children: 

Non-Residential Areas 

(i.e., vacant lots) 
NC 4.53E-02 6.3E-04 NC 3E-05 

Residents: 

Town of Alviso 

Summerset Trailer Park 

NC 

NC 

8.00E-02 

1.00E-01 

6.3E-04 

6.3E-04 

NC 

NC 

5E-05 

6E-05 

The notation "1E-06" is equivalent to 1x10-6 or 0.000001. 

NC = Not calculated. 

(a) Listed potency factor for asbestos was derived from the unit risk factor 

of 1.4E-13 liter/fiber for ingestion of drinking water. EPA has not developed 

a cancer potency factor or unit risk factor for ingestion of asbestos from 

other media such as soil. This conversion was done only for the purposes of 

this risk assessment to allow quantitative evaluation of this pathway. 



TABLE 7-15 

SUMMARY OF EXCESS INDIVIDUAL LIFETIME CANCER RISKS FOR 
EXPOSURE TO ASBESTOS AT THE SOUTH BAY SITE 

Exposure Pathway' Average Case Maximum Case 

Inhalation - Ambient Air 

Station 1 (off-site/upwind) 
Stations 2-4 (on-site) 
Station 5 (off-site/downwind) 

1 X 10 - 3 x 10' 
8 X 10 
1 X 10" 

2 X 10 
5 X 10' 

7 X 10' 
6 X 10' 
9 X 10" 

2 X 10' 
2 X 10' 
3 X 10' 

Inhalation - Activity Generated Airborne Asbestos 
Truck Traffic on Unpaved Surfaces 

Residents Inhaling: 
Dust from Truckyards NC 
Dust from Unpaved Roadways NC 
Street Dust from Paved Roadways NC 

>3 X 10" 
>3 X 10' 
>3 X 10" 

Ingestion of Soil 
Children Playing on 
Non-Residential Areas 

(i.e., vacant lots) 

Lifetime Exposure from: 
Alviso Yards 
Trailer Park Yards 

NC 

NC 
NC 

3 X 10" 

5 X 10' 
6 X 10' 

NC = Not calculated because geometric mean soil level was below the detection limit. 

' The potential size of the populations exposed are estimated to be: <550-1,870 for 
inhalation of asbestos in ambient air and ingestion exposure to asbestos in soil; 
<150-600 for children/teenager exposure pathways; <100-1,000 for adult gardening 
scenarios; <560-l,870 for inhalation of vehicle-generated dusts by residents. The 
potential size of the worker population is not known. 
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^̂ Ĵ -

^ ' i ' i 'pi 

V. 

Guadalupe Reservoir 

V 

I ' " V M 
' / , i i " 

I ; " , 1 " ' / 
" • ' . w ' ' ' , , / " " ' ^ / ; 

A \ ^ ' I S A N T A C R U Z M O U N T A I N S 

Project No, 

288-RI1 

South Bay Asbestos Site 

Camp Dresser & McKee Inc. 

REGIONAL 
SURFACE WATER 

HYDROLOGY 

FiOLife 

4-1 

,..- _J 



PARTIALLY SCANNED 
OVERSIZE ITEM(S) 

See document # '^'^ /^^^ ^ 
for partially scanned image(s). 

f̂  I GO fie ^ ' 1 t» ^ - ' ^ 
For complete hardcopy version ofthe oversize document 

contact the Region IX Superfund Records Center at 
(415)536-2000 



! 0 

<D 

CO c o 

c 
0 o c o 
o 

8 -

7 -1 

5 -

4 - 1 

3 - a 

2 -aw- -I- a 

1 HUUIU 

1̂  Rl Surface Soil Sample 
+ Rl Subsurface Soil Sample 
O Truck Yard Soil Sample 

8 10 

TEM Concentrations (wt%) 

Project No. 

288-RI1 

South Bay Asbestos 

Camp Dresser & McKee 

PLM vs TEM 
SOIL RESULTS 

Figure 

5-3 



ASBESTOS AIR 
DATA 

Ambient Samples 
(Episodic & 24 Hour) 

152 Samples 

Exposure Experiment 
Samples (Phase II) 

12 Sampies 

Direct Method 
Analyses (Phase I) 

152 Samples 
(See Figure 5-5) 

Data Rejected 

Archived Samples 
~94 Samples 

Indirect Method 
Analyses (Phase II) 

24 Samples 
(See Figure 5-6) 

Project No. 

288-RI1 

South Bay Asbestos 

Camp Dresser & McKee 

Relationship of Air 
Data Analysis 

Figure 

5-4 



DIRECT METHOD 
PHASE I DATA 

Data Quality 
Analyses 

Physical 
Analyses 

Blank 
Contamination ] 

Statistical 
Analyses 

Episodic 
Samples 

24 Hour 
Samples 

Particulates 

Project No. 

288-RI1 

South Bay Asbestos 

Camp Dresser & McKee 

Analyses Performed on 
Phase I Air Data 

Figure 

5-5 



INDIRECT METHOD 
ANALYSIS 
(PHASE II) 

(24 SAMPLES) 

Project No, 

288-RI1 

South Bay Asbestos 

Camp Dresser & McKee 

Analyses Performed 
on Phase II Air Data 

Figure 

5-6 



n 

CO 
0) 

E -a 
55 A 
~ CO 

S | 
CO H 
a> ~ . n 
(O 
< 
75 
o 

n station 1 
+ station 2 
O station 3 
A Station 4 
X Station 5 

Wind Speed (mph) 

Project No. 

288-RI1 

South Bay Asbestos 

Camp Dresser & McKee 

EPISODIC ASBESTOS 
STRUCTURES vs 

WIND SPEED 

Figure 

5-7 



a 
-f 
o 
A 

X 

Station 1 
Station 2 
Station 3 
Station 4 
Station 5 

eo 

CO 

o 
k . ** 

CO 

CO 

O 
4.4 
CO 
<D 

1 3 
CO 

< 
75 
4.4 

o 

CO 
•a 
c 
CO 
CO 

o 

28 -

26 -

24 -

22 -

20 -

18 -

16 -

14 -

12 -

10 -

a -

6 -

4 -

2 -

0 -

I e 

)o 
•t-

<̂  X 

X X 
• o * o 

mum î m r-
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APPENDIX A 

GLOSSARY OF TERMS 



GLOSSARY 

ARAR - î p̂licable or Relevant and Appropriate Recjuirements. Existing laws, 
regulations or guidelines which are pertinent to a Superfund site. 

AHERA - Asbestos Hazard Emergency Response Act, enacted to control asbestos 
in public schools. 

AIHL - Air and Industrial Hygiene Laboratory of the California Departinent 
of HealtJi Services. 

ASTM-C136 - American Society of Testing Materials, Test C136, for 
determining soil grain size. 

ATSDR - Agency for Toxic Substances and Disease Registry: A branch of the 
Federal Center for Disease Control that is responsible for preparing health 
assessments at sites. 

ATT - Aqua-Terra Technologies, consultant to the COE cJuring an earlier 
phase of the site investigation. 

Asbestos - Mineral fibers v̂ *lich can be separated and used for a variety of 
industrial applications. 

Asbestos structure - see Structure. 

BAAQMD - Bay Area Air Quality Management District. 

BCDC - Bay Conservation and Development Commission. 

Bench Scale - Treatability tests performed on a small scale, usually in a 
laboratory, to better define parameters of a treatment technology. 

CAA - Clean Air Act. 

Cal-Osha - California Occupational Health cind Safety Administratiion. 

CDM - Camp Dresser & McKee Inc. 

CEQA. - California Environmental Quality Act. 

CERCLA - Comprehensive Environmental Response, Conpensation, and Liedaility 
Act of 1980, also known as Superfund: Amended in 1986 by the Superfund 
Amendments and Reauthorization Act (SARA). 

CFR - Code of Federal Regulations. 

CLP - Contract Laboratory Program. 

Corps - United States Anry Corps of Engineers ((TOE). 

COE - United States Army Corps of Engineers. 
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CWA - Clean Water Act. 

Chrysotile - The fibrous variety of the mineral serpentine with a chemical 
conposition of (MjFe)^ SijOjCOH)^. 

DHS - Califomia Department of Health and Services. 

DQO - Data Quality Objectives: Statements that specify the data needed to 
support decisions regarding remedial response activities. 

EAL - EAL Laboratories. 

EECA - Engineering Evaluation and Cost Analysis: Prepared by EPA to 
justify cost of Expedited Remedial Actions (ERAs). 

EIS - Environmental Impact Statement. 

EMCON - Consultants to Leslie Salt Conpany, owners of t h e Marshland 
Landfill. 

EPA - Environmental Protection Agency. 

ERA - Expedited Response Action. 

Excess lifetime Cctncer risk - The potential for carcinogenic effects from 
exposure to one or more chemicals. 

FIT - Field Investigtion Team. 

FS - Feasibility Study, 

RI/FS - Remedial Investigation/Feasibility Study. 

FSP - Field Sanpling Plan: Defines in detail the sanpling and data 
gathering activities to be used at a site (see SAP). 

General response action - General types of actions, such as containment, 
that may be taken to achieve exposure limits specified by remedial action 
objectives. 

HLA - Harding Lawson Associates. 

Health assessment - Assessment of existing risk to human health posed by 
NPL sites, prepared by the ATSDR or contractors to EPA. 

hi-Vol - High volume sanpler. 

HEP - Habitat Evaluation Procedure - a habitat-based evaluation methodology 
used to determine project inpacts on wetlands and identify mitigation 
goals. 

ISV - In-situ vitrification, a high-tenperature treatment technology for 
asbestos. 

Innovative technologies - Technologies that are fully developed but lack 
sufficient cost or performance data for routine use at CERCLA sites. 
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Lead agency - The agency, either the EPA, Federal agency, or appropriate 
State agency having primary responsibility and authority for planning and 
exec:uting the remediation at a site. 

MCL - Maximum Contaminant Level: Established xinder the Safe Drinking Water 
Act. 

MCLG - Maximum Contaminant Level Goal. 

NAAQS - National Ambient Air Quality Standards. 

NCP - National Oil and Hazardous Substances Contingency Plan. 

NEPA - National Environmental Policy Act. 

NESHAPS - National Emission Standards for Hazardous Air Pollutants, as 
promulgated under Clean Air Act. 

NIOSH - National Institute for Occupational Safety and Health. 

NPDES - National Pollutant Discharge Elimination System. 

NPL - National Priorities List: A list of sites identified for remediation 
unHer CERCLA. 

O&M - Operation and maintenance. 

OSHA - Occupational Safety and Health Administration, responsible for work 
place safety. 

OSWER - Office of Solid Waste and Emergency Response, a branch of EPA. 

Operable Unit - A discrete part of a Superfund site that can be remediated 
independently as a unit to prevent or minimize a release or threat of 
release. 

OUFS - Operable Unit Feasibility Study, an accelerated FS prepared for an 
operable lonit. 

PCM - Phase Contrast Light Microscopy, an optical microscopic technicjue 
used to analyze air sanples. 

P(Jle - Phase Contrast Microscopy fiber ecjuivalent, or an asbestos fiber 
identified by TEM that is the same size, or equivalent to, a fiber that 
would be identified by PCM. 

PEL - Permissible Exposure Limit, established by OSHA. 

PLM - Polarized Light Microscopy, an optical microscopic technicjue, 
typically used to analyze bulk asbestos material or soil. 

PM-10 - Particulate matter having a diameter less than or equal to 10 
microns, assumed to be respirable. 
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PRP - Potentially Responsible Party. 

Pilot Scale - Treatability tests performed on a large scale to simulate the 
physical, as well as chemical, parameters of a process. 

Present Worth Analysis - A summary of costs to be incnirred over a period of 
time, discounted to the present. 

q,* - Cancer Potency Factor: The lifetime cancer risk for each additional 
mg/kg of body weight per day of exposure. 

QA/QC - Quality assurance/quality control. 

RCRA - Resource Conservation and Recovery Act. 

RI/FS - Remedial Investigation/Feasibility Study. 

RMCL - Recommended Maximum Contaminant Level: Developed under Safe 
Drinking Water Act. 

ROD - Record of Decision, prepared to docniment the selection of 
Superfund-financed remedy. 

Reference Dose (RfD) - For noncarcinogenic effects, the amount of a 
chemical that can be taken into the body each day over a lifetime without 
causing adverse effects. 

Remedial Action Alternative - A potential approach to preventing or 
mitigating site-specific contamination problems, defined in terms of a 
remedial action technology option or combination of options and the volumes 
or areas of media to vAiich the option or options will be applied. 

Remedial Action Objective - A description of remedial goals for each medium 
of concern at a site; expressed in terms of the contamination of concern 
exposure route(s) and receptor(s), and maximum acceptable exposure 
level(s). 

Remedial Action Technology Type (or technology type) - A general category 
encompassing a number of remedial action technology options that address a 
similar problem (e.g., capping, containment barriers, chemical treatment). 

Remedial Action Technology Process Option (or process option) - A specific 
process, system, or action that may be used to clean up or mitigate 
contaminant problems (e.g., clay cap, slurry wall, neutralization). 

SARA - Superfimd Amendments and Reauthorization Act of 1986 (see CER(XA). 

SEM - Scanning Electron Microscopy. 

SCVWD - Santa Clara Valley Water District. 

SDWA - Safe Drinking Water Act. 

SITE - Superfund Innovative Technology Evaluation. 
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SPCC - Spill Prevention Control and Counter Measure. 

STLC - Soluble Threshold Limit Concentration. 

SWDA - Solid Waste Disposal Act. 

Sensitivity Analysis - A test to detennine the overall changes that will 
result from any small change in one or more procedural elements. 

Serpentine - A group of hydrous magnesium-rich phyllosilicate minerals 
typically found in low grade metamorphic environments; can be fibrous and 
non-fibrous. 

Serpentinite - A rock conposition dominated by serpentine. 

Structure - Any identified asbestos occurrence in a microscopic sanple; 
includes individual fibers, clusters of fibers, bundles, and fibers 
attached to particulate matrix debris. 

Support Agency - The agency, either the Federal EPA or the State agency, 
responsible for review and concurrence in developing and selecting a remedy 
at a CERCLA site. 

TAT - Technical Investigation Team. 

TCL - Target Conpound List. 

TEM - Transmission Electron Microscopy, a microscopic technique that can 
achieve very high (100,000 times) magnification. •; 

TSCA - Toxic Substances Control Act. 

TTLC - Total Threshold Limit Concentration, defined by State of California 
regulations. 

Technology Process Option - See remedial action technology process. 

Technology Type - See remedial action technology type. 

Treatability Test - Studies, usually perfonned after the FS Phase II, to 
better define the physical and chemical parameters of technology process 
options being evaluated for use at CERCLA sites. 

USC - United States Code. 

USFWS - United States Fish and Wildlife Service. 

WCC - WoocJward-Clyde Consultants. 
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APPENDIX B 

ASBESTOS ANALYTICAL METHODS 



AIR SAMPLE 
TEM ANALYSIS METHOD USED IN Rl 

NIOSH 7402 

(Similar to Yamate et. al) 



• ^ 

FOMJLA: various 

R .H . : various 

•SttSTOS FliCHS 
fCTMO: 7402 
ISSUEO: S/15/S6 

ttUiA: Z.O asbestos f l b t r s (>S i« i long/M.) 
NIOSM: 0 .1 asbestos f /M . ( 1 ] 

MOPERTIES: s o l i d , 
f ib rous 

ACGIH: 0.2 e r o c i d o l i U ; O.S a v s i U ; 2 c h r y s o t i U and e t l i t r asbestos, f ^ l 

STNONYK: a c t i n o l i U asbestos (CAS «137(S-00- l ] , g n o w r i u asbMtos ( a K n i U ) (CAS #121.2-73-5] , 
an thophy l l i te a s b n t o s CCAS #170S» .7 t - f ] , c h r y s e t i l t a s b « t o i [CAS # 1 2 0 0 1 - 2 M ] , 
c r o c i d o l i t e asbestos (CAS #12001-2t -4 ] , t i v o l i t e asbestosCCAS f14SC7-73- l ] . 

SAWPLIWG WDgWEHEWT 

SANPLER: FILTER 
( O . l to 1.2 t * ce l l u l ose es te r 
• B i t r a n c , 2S-ai d i ane te r ; 
conductive cassette) 

FLOH RATE*: O.S to U L ^ i n (see s tep S) 

VDL-niN*: 400 L ff 0.1 f i b c r A r i . 
-WUr*: 2000 L 

•Ad jus t to give 100 to 1300 f i b e r s / l s * 

SMIFHENT: i n a n t i s U t i c packing Ma te r i a l 

SAMPLE STAfilLITY: s t l b t c 

FIELD RLAMCS: 10X (>2) o f sanples 

ACCURACT 

RANGE STUDIED: SO to 100 f i b e r s counted 

t I A S : not detennined 

OVERALL DECISION ( s , J : see EVALUATION OF 
fCTNOO 

I 
STEOMIQUE: MCROSCOPY. TMNSHISSION ELfCTRON 
I (TEH) 
! 
lANALTTE: asbestos fibers 
! 
ISMTLE FREPARATION: M o d i f i e d JIaffe Mick 
! 
!E<]UIPrCNT: transBissien electron Microscope; 
! energy dispersive X-ray detector and 
J analyzer 
! 
ICALIBRATIQN: quelitetive SAED/EOX; calibration 
! of TER and EDS systaB Magnification 
• 
• 
!RMCE: 100 to 1300 fibers>%ie* f i l t e r area [ ( ] 
1 
lESTIMTED LOO: 1 confirMod asbestos fiber above 
! fSS of expected Mean blank value 
J 
iPRECISION: 0.20 
• 
• 
! 
! 
I 
! 
I 
i APPLICABILITT: The uorking range I s 0.02 f i b e r ^ r i . (200O-L e i r SMi«>1e) to 1.25 f {bers>M. (400.L 

e i r sample). Tbe Method Measures the asbestos f i b e r concentrat ion i n a i r saaples taken on 
Mixed ce l l u lose ester f i l t e r s . The v t h o d Measures e f f e c t i v e l y esbestos f i b e r s o f the S M l l e s t 
d iane te r (O.OS tan) but a l lows coMparisen o f f i b e r counts to be Made w i t h phase con t ras t 
l i g h t MJeroscoeic date when f i b e r dJaMeters » n r i o i d l v de f ined . 
INTERFERENCES: Hon-asbestifone v a r i e t i e s o f the a iph ibo les May I n t e r f e r e l e the TEN analys is 
i t tne ind iv idua l pa r t i c l es have aspect ratios greater than 3 : 1 . These In ter ferences can only 
he e l iM inated by quen t i t e t i ve zone ax i s e lec t ron d i f f r a c t i o n a n a l y s i s . High concentrat ions o f 
bactoround dust in te r fe re w i t h f i b e r I d e n t i f i c a t i o n . 
OTNER ICTNOOS: NIOSH Method 7400 Is the phase-contrast Microscopic Method designed f o r w u 
M i t h t h i s Method. 
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REAGENTS: 
1. Acetone.* 

•See SKCIAL HtECAUTIONS. 

1. Sanpler: field Monitor, ZS-BM, t t a H M i ^ M M I ^ ^ I H l ^ ^ B i M R H H ^ J H ^ ^ ^ R i P 
extension cowl and cellulose ester MMifcrane filter, O.l- te 1.2-iai pore size, ItfB^Pup 

m n 1: Analyze representetive filters for fiber background before ese and discard the 
filter let If More than S flbers/100 fields art fbund. 

MOTE 2: An electrically conductive extension cowl Is recc—ndad to rodtoee electrostetlc 
effecte en fiber sanpling and during sanple shlpMent. 

2. Personal sanpling piMp, >p.S L̂ iia (see step 4 fer flew rate), with flexible connecting 
tobing. 

3. Microscope, tranaeission electron, with electron diffraction and energy^ispersive X-ray 
capabilities. 

4. Diffraction grating replica with known maber of llnes/Ha. 
5. Slides, glass, pre-cleaned, 2S- a 7S-aei. 
f. Knife. #10 surgical steel, curved blade. 
7. Tweezers. 
1. Grids. 200-Mesh TEN copper, carton-coatad. 
t. Ntri dishes, 1S-eM depth. The top and bottOM ef the petH dish aust fit together. To 
• assure a tight fit, grind the top and bettoe pieces together with an abrasive such v t 

carborundui to produce a ground-glass contect surface. 
iO. Foaa. polyurethane. spongy, 12-«i thick. 
11. Lew-tanpcrature plasna asher. 
12. F i l t e r s , UtJbnan No. 1 qual i tet ive paper or equivalent, er lens paper. 
13. Vacuui evaporator. 
14. Cork borer. No. S (O-MMO. 

15. Pen, waterproof. Marking. 
16. Rcinforcanent, page, guewd. 

SPECIAL PRECAUTIONS: Acetone is an extranely flannable l i qu id ( f lash point • 0 •F) and 
precautions Hist be teken not to ignito i t . Neating of >1 eL acetone Must be done in a fiane 
hood using a flaMeless, spart-free heat source. 

SAMPLING: 
1. Calibrate each personal sanpling pwp with a representetive saapler In line t3]. 
2. Raivve the top cover froa the end ef the cowl extension (open face) end orient saapler face 

down. Ih'ap the joint between the ttjtender and Monitor body with shrink tape to prevent air 
leaks. Iftere possible, especially c^SRH, attech the saapler to electrical ground to 
raducc electrostetlc effects during saapling. 

3. SubMit at least two field blanks (or M S of the totel saaples. whichever Is greeter) for 
each set ef saaples. iMove the caps froa the field blank cassettes and store the caps end 
cassettes In a clean aree (beg or box) during the sanpling period. Aapleee the caps In the 
cassettes when saapling Is coapleted. 
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METHOO: 740? ASBESTOS FIbERS 

4. S«p1c at 0.5 L^in er greater [•]. Adjust sanpling flow rate, Q (Ltein), and tine, t 
(•in), to produce a fiber density, E (flbert/tea), of 100 to 1300 fibers>taM* 
(3.ISO0' to 5*10* fibars per 2S-aBi filtor with effective collection area 
(A(- 385 an'}] for optinn counting precision. Oo not excead O.S Mg totel dust 
leading on the filter. These variables m related to the action level (one-half the 
current stendard). I (fibersAeL), of the fibrous aerosol being saHpled by: 

t • 
9«L«10* 

KITE: A saapling flew n t a of 1 to 4 L M e for • hrs Is appropriate le aa»-dusty 
atnosphcres conteining ea. 0.1 flber^ri.. Ousty atnospheres require SMaller sanple 
voliMMs; aa^ient, cleaner atHospheres require larger air sanples for eptleua counting 
precision. Flow rates «p to K L ^ a are pennitted [•]. 

S. R M W V C the field Monitor at the end ef saMpllng. Replace the plastic tap cover and snail 
end caps, 

i. Ship the sanples upright with conductive cowl etteched In a rigid conteiner with sufficient 
packing sMtarial to prevent Jostling or daange. 
NOTE: Use only special antistetie polystyrene foan In the shipping conteiner to prevent 

fiber loss froa the sanpler filter due to electrostetlc forces. 

SAHPLE PREPARATION: 
7. Rnnovc a circular section froa any ^ u d r a n t of the saaple filter esing a cork borer. 
1. Place the excised section on a clean Microscope slide. Affix tha filter circle to the 

slide with a gunned page reinforcaannt. Label the slide with a waterproof Marking pen. 
NOTE: Up to eight filter sections May be attached to the saa slide, 

f. Place the slide le a petri dish which conteins several paper filters soacd with 2 to 3 M L 
acetone. Cover the dish. Halt 2 to 4 Min for the sanple filter(s) to fuse and clear. 

" ^^ NOTE: The "hot block" clearing technique of Method 7400 May be used instead of step 9. 
tl i f . Transfer the slide to a'roteting stage inside the bell Jar of a vacuua evaporator. 

Evaporate a 1 x t-aa section ef a graphite rod onto the cleared flltor(s). Ramove the 
slide toa clean, dry, covered petri dish [1'']. 

lo>T. Place the slide conteining the collapsed filters Into a Icw-tanperature planaa asher. Etch 
the filter at 100 •C fer ca. 2 Min at an 0^ pressure ef 130 Pa (1 an Hg). 
NOTE: Plasna ashen nay vary. Detenaine eptiaaai etching tiMe en blank filters before 

etching sanples. 
12. Prepare |^second petri dish as a Jaffe wicft washer with the wicking substrate prepared f m 

fi1ter)^per placed en top of a 12«ne thick disk ef spongy polyurethane foan. Cat a 
V-4ietch on the edga ef the foaa and filter paper. Use the V-notch es a reservoir for 
adding solvent. 
NOTE: The wicking substrate should be SMBII eooogh to fit Into the petri dish without 

touching the lid. I^„, 
13. Place carbon-coated TER grids face ap en the flltei^paper. label the grids by Marking with 

a pencil en the filter paper er by putting registration Marks en the petri dish lid and 
narking with a waterproof Marker on the dish lid. P H I the dish with acetone until the 
wicking substrate Is saturated. 
• o n : The level of acetone should be Jest high enough to satarate the filter paper without 

creating puddles. 
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ASBESTOS FIBERS HETHOO: 7402 

14. RMMDve about a ^ M r U r section ef the carbon:<oat8d filter sanples esIng a surgical knife 
end twetzers. Carefully place the excised filter, carton side down, on the appropriately 
labeled grid In the acetone-saturated petri dish. Mien all filter sections have been 
transferred, slowly add More solvent to the wedge-shaped trough to bring the acetone level 
up to the highest possible level without dlstorbing the sanple preparations. Cover the 
petri dish. Elevate one side of the. petri dish by placing a slide under It. This allows 
drops of condensed solvent vapors to f o m near the edge rather than In the center uhare 
they would drip onto the grid preparation. 

CALIBRATION AIS qUALITT CONTROL: 
15. Detenaine the TBI Magnification en the fluorescent screen: 

a. Define a field ef view on the fluorescent screen either by Markings or pbysical 
boundaries. 
MOTE: The field of view w s t be Measurable er previously Inscribed with a scale or 

concentric circles (all scales should be Metric) t U } , 
b. Insert a diffraction grating replica Into the speclann holder and place leto the 

Microscope. Orient the replica so that the grating lines fall perpendicular to the 
scale on the TER fluorescent screen. Ensure that the gonioaeter stegc tilt Is 0 •C. 

c. Adjust Microscope augnification to 10,000X. Measure the distence (an) between two 
widely-separated lines en the grating replica. Note the nia6er of spaces between the 
lines. Take care to Measure between the sane relative positions on the lines (e.g., 
between left edges of lines). 
NOTE: The nore spaces Included le the aeasurMaent, the More aceurato the final 

calculation. On nost Microscopes, however, the Magnification Is substantially 
constant only within the central 1-10 oe diaaeter region of the fluorescent screen. 

d. Calculate the true Magnification (M) en the fluorescent screen: 

where: X • totel distence (an) between the designated grating lines; 
G • calibration constent of the grating replica (linesAn); 
T • nwbcr ef grating replica spaces counted along distence "X.* 

e. Once calibration has been conpleted, eote the apparent sizes of 0.25 and 3.0 yn on the 
fluorescent screen. (These dinensions are essentially the diaaeter boundary liaits for 
counting asbestos fibers by phase contrast Microscopy.) Do not count fibers ebove 
3.0 laa dianeter. Count fibers below 0.25 tee diaaeter but da not Include this 
fraction tn calculations when corralating TER date to PCM counts. Do not count fibers 
<1 IMI long CIS]. 

M . Measure 20 grid openings at randoe on a 200 aaih copper grid by placing a grid en a glass 
slide and exaaining It ender the PCM. U M the Mil ton-Beckett graticule to Measure the grid 
opening diaaeters. Calculato an average field diaaeter froe the date end ese this MHber 
to calculate the field area fer an average grid opening. 
NOTE: A grid opening Is considered «s one field. 

17. Obtein reference seiectad a n * electron diffraction (SAED) pattems fran standard asbestos 
naterials prepared for TER analysis. • 

MOTE: This Is « visual reference technique. M B quentitetive SAED analysis Is required [14]. 
a. Ensure that the speclnen holder Is oriented at 0 •€ tilt for SAED pettere Inspection. 
b. Center a fiber, focus, and center the aaallest fle1d-1 kilting aperature on the fiber. 

Use a 20-OB canera length and 10X binocular head. Obtein en SAED pattem. Photograph 
eech distinctive pattem and keep the photo for conparison to unknowns. 
W T E : Not all fibers will present SAED pattems; however, the objective lens current nay 

need to be adjusted to give sptlaan pattem visibility. 
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METHOO: 740? ^ «_«. ASBESTOS FIBERS 

IB. Acquim energy-dispersive X-r<y (EOX) spectra on approxinately S fibers having dlaneters 
between 0.25 and O.S i* of each asbestos variety ebtelaed fron stendard refemnce 
Materials [14]. 
a. Prepam TBI grids ef all asbestos varieties. 
b. Use acquisition tians (up to 100 sec) sufficient to show a silicon peak at least TSS of 

the Monitor screen height at a vertical scale of >500 counts per channel. 
c. EstiMte the elMwitel peak heights visually as fellows: 

(1) NoHMlize -̂ ll peaks to silicon (assigned an arbitrary value ef 10). 
(2) Visually Interpmt all other peaks present and assign values relative to tha silicon 

peak. 
(3) Deteraine an elanentel profile f o r the fiber esIng the elanente Ma, Ag, SI, Ca, and 

Fe. Exanple: »^10-3-<1 [14]. 
(4) Deteraine a typical range of profiles for each asbestos variety and record the 

profiles for eaaparison te enkr 

MEASUREMENT: 
19. Perfora an SAED pattem Inspection on all fibers counted under the TER, esing the 

procedums given In step 16. Inspect the SAED pattem and assign it to one of the 
following: 
a. chrysotile: 
b. anphibole; 
c. anbiguous; 
d. none. 

20. Obtein EOX spectra In either the TBI er STBl nodes froa fibers en field sanples esing the 
procedum of step 17. Using the SAED pattem and EDX spectrua, classify the fiber: 
a. For a chrysotile structom, obtein GDX spectra en the first five fibers; then one out of 

ten themafter. Label profiles of 0-5-10-0-0- to 0-10-10-04 as 'chrysotile.* 
b. For an anphibole structum. obtein EDK spectra on the first 10 fibers; then one out of 

ten themafter. Label pmfiles 0-2-1D-0.7 as 'possible anosite'; profiles 
1.1.10-0-6 as 'possible crwidolite*; profiles 0-4-ia-3-<1 as 'possible travlite*; 
and profiles 0.3-1D-0-1 as "possible anthophyllite." 

c. For an anbiguous stmctum, obtein EDK spectra en all fibers, label profiles slarilar to 
the chrysotile pmfile as "possible chrysotile.' label profiles siMilar to the various 
anphiboles as 'possible anphiboles." label all others as "unknown" or "aon-asbestes." 
NOTE: Fibers snaller than 0.2 i* in diaaeter Mey not produce sufficient peak heights 

to allow an elMnentel profile to be deterained. These fibers should be Identified 
as 'probable' asbestos fibers. If SAED pattems a m not dcterainable. 

21. Counting and Sizing: 
a. Insert the sanple Into the speclann grid holder and scan the grid at 0 *C tilt at low 

Magnification (ca. 300 to SOQX). Ensam thet the carton flha Is Intact and unbroken 
over approxinately TSS of the grid epeelngs. 

-^ b. Estiaate the naaber ef fibers per grid opening during the lew Magnification scan (ca. 
lOOOX). Use the following mles wben picking grid openings to count [14]: 
(1) Light « fibers per opening): ceent every grid opening In which the carton flln Is 

Intect. 
(2) Hoderate (5 to 2S fibem per opening): count every fifth grid opening. If the 

carbon flln Is danaged, proceed to tbe next eveiiable opening In which the flln Is 
intact. 

(3) Heavy (>25 fibers per opening): count every tenth grid opening. If the carton flln 
Is danaged, proceed to the next available opening In which the carbon flln Is Intect. 
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c. Increase aagnification to 10,00OX. Regie counting at one end ef the speclann grid and 
systaaatically traverse the grid by rows, mversing direction at row ends. 

d. Size all asbestos fibers esing a scale lascrlbed or overlaid en the fluomscent screen. 
MOTE: Date can be recorded directly off the screen In aa and later converted to i* by 

caaputer. Count and record asbestos fibers and structures >1 p long of all 
diMensions [15]. Itowever, when conparing TBI date to the PCR cninli; only those 
fibers greater than S i« long and between 0.25 and 3.0 |« diaHter which have 
aspect ratios of 3:1 er r«*ter should be Included. These slze-ad,<iisted date a m 
necessary to test'the cmparabillty of counts between the two aethods. If the 
tize-adjusted counU between the two Methods show reasonable equivalency, then 
further analysis esing the anall-flber date will show what fraction of alrterta 
asbestos fIben Is being Missed by the PGM Method. 

e. Count fibers and asbestos strecteres esing the following mles: 
(1) Count all particles less than 3 i«i dIaMeter which Maet tJa definition of a fiber 

(aspect ratio >3:1, with parallel sides). 
NOTE: Particles which a m ef questionable Morphology should be analyzed by SAED and 

EDX to aid In Identification. 
(2) Use the saae counting mles as w e m esed for the PCR Method for counting single 

fibers and snell bundles (A er i mles). Record separately asbestos fIben between 
1 and S ) • long [14]. 

(3) Record other asbestos stmctores according to the norphological definitions: 
NOTE: Caibinations of these stmctores a m labeled according to the doeinant quality 

(i.e., fiber, bundle, cluster. Matrix). 
(a) bundle (B) - a caipact arrangcnent ef parallel fibem In which scparato fibem 

or fibrils aay only be visible at the ends er edges ef the bundle. Asbestos 
bundles having aspect mtles of 3:1 or greater and less then 3 i« In dianeter 
a m counted as fibem. 

(b) Cluster (C) - a network of randoaly-orientcd interlocking fibem arranged so 
that no fiber is isolated fron the group. Dinensions of clestem can only be 
roughly estinated and clustem a m defined arbitrarily to consist of n o m than 
four individual fibem. 

(c) Hatrix (H) - one or a o m fibem attached to or Iribeddcd In a non-asbestos 
particle. 

(4) Count fibers which a m partially obscured by the grid. 
(5) U a fiber is partially ebscumd by the grid bar at the edge ef the field of view, 

count it as a fiber greater than 5 ̂  only If a o m than 2.5 tm of fiber Is 
visible. Dthemise, log the fiber as a "short" fiber, aeasering only that portion 
which Is visible. 

(6) Size each fiber as It Is counted and log the diaaeter and length (In aa). Sizing of 
fibem Is accoeplished by aovieg the fiber to the center of the screen and reading 
directly tin length of the fiber fran the scale Inscribed en the screen. The scale 
Is ODSt efficient If It consists of a series of scale Inscribed en the screen er 
partial cimles every 2 ca distant froa the center. Por fibem which extend beyond 
tiM field of view, the fiber aust be aoved and superiaposcd upon the concentric 
cimles entll Ito entim length has been neasured. Hhen a fiber has been sized, 
m t u m to the storting point end continue the traverse to the atxt fiber. 

CVAUMTION OF HETHOD: 
roe TER aethod has been shown to heve an overall precision of 20. IS (s,.) ie an eveluatlon of 
nixed ansite and wollastonito fibem. Ihe estlanto of the esbestos fraction, however, bed a 
precision of 11.0S (s^) [12]. 
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AIR SAMPLE 
PCM ANALYSiS METHOD USED IN Rl 

NIOSH 7400 



FORMULA: various 

H.W.: various 

FIBERS 
KTHOO: 7400 
ISSUED: 2/15/84 

REVISION f l : 5/15/85 

OSHA: 0.5 asbestos fibers (> 5 )xn 1ong)/mL PROPERTIES: solid. 
NIOSH: 0.1 asbestos f / o l [ 1 ] ; 3 glass fibers (>10 ixn x O.S ixn)/mL [2] fibrous 
ACGIH: 0,2 crocidoli te: 0.5 anosite; 2 chrysotile and other asbestos, f /n l 

SYNONYRS: asbestos (actinolite [CAS #13768-00-8], grunerite (anosite) [CAS #12172-73-5], 
anthcphyllite [CAS #17068-78-9], chrysotile [CAS #12001-29-5], crocidolite 
[CAS #12001-28-4], trenol i te [CAS #14567-73-8]): fibrous glass. 

SAMPLING fCASUREMENT 

SAMPLER: FILTER 
(0.8 to 1,2 i«n cellulos/* ester 
aer*»rane, 25-mn dianeter; 
foil-wrapped cassette) 

FLOW RATE*: > 0.5 L/min (see Step 5) 

VOL-HIK*: 400 L ff 0.1 fiber/nt 
-MAX*: 2000 L 

•Adjust for 100 to 1300 fibers/on' (step 5) 

SHIPtCNT: routine 

SAHPLE STABILITY: Stable 

FIELD BLANKS: 101 (>2) Of sanples 

ACCURACY 

RANGE STUDIED: 80 to 100 fibem counted 

BIAS: EVALUATIQH QF HETHOO 

TECHNiqUE: HICROSCOPY, POSITIVE PHASE CONTRAST 

ANALYTE: fibem (tunuaV count) 

SAMPLE PREPARATION: acetone/triacetin method 

COUNTING RULES: Set A (P&CAH 239 [3.4]) or Set B 
(modified CRS [5]) 

B]UIPKj«T: 1. positive phase-contrast microscope 
2. Ualton-Beckett graticule (100 vm 

field diameter): A Rules use 
6-22: 6 Rules use Type 6-24 

3. phase-shift test slide (HSE/MPL) 

CALIBHAT1CN: phase-shift detection limit about 
3 degrees [7] 

RANGE: 100 to 1300 fibers/nrn^ filter area [6] 

ESTINATED LOO: 7 fibers/nn> filter area 

PRECISION: 0.10 to 0.12 (A Rules) [3] 

OVERALL PRECISION (sp: 0.115 to 0.13 
(A Rules) [3] 

APPLICABILITY: The working range is 0.02 fiber/M. (1920-L air saople) to 1.25 fibers/mL (400-L 
air sanple). The method gives an index of airborne asbestos fibem but nay be used 
for other Materials such as fibrous glass by inserting suitable parametem into the counting 
rules. The method does not differentiate between asbestos and other fibem. Asbestos fibem 
less than ca. 0.25 \xn diameter will not be detected by this method [71. 
INTERFERENCES: Any other airbome fiber nay interfem since all particles neeting the counting 
criteria a m counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust 
particles may obscum fibem in the field of view and increase the detection limit. . « 
OTHER NETHOOS: This method introduces changes for inproved sensitivity and reproducibility. 
It also replaces P&CAR 239 [3.41 and Hethod 7400 (dated 2/15/84). 
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REAGENTS: 
1. Acetone.* 
2. Triacetin (glycerol triacetete), 

reagent grade. 

•See SPECIAL PRECAUTIONS. 

/ 

BJUIPHENT: 
1. Sanpler: field monitor, 2S-na, three-piece cassette 

with SO-nni extension cowl with cellulose ester 
filter, 0.8- to 1.2-IXB pom size and backup pad. 
NOTE I: Analyze representetive filtem for fiber 

bacirground before use and discard the filter 
lot if n o m than 5 fibers/100 fields a m found. 

NOTE 2: An electrically conductive extension cowl is 
reconended to reduce electrostetic effects on 
fiber sanpling. 

NOTE 3: Extension cowl not required for area or artient 
air sanpling. 

2. Personal sampling punp, >p.5 L/min (see step 5 for flow 
rate), with flexible connecting tubing. 

3. Hicroscope, positive phase contrast, with green or blue 
filter, 8 to lOX eyepiece, and 40 to 45X phase 
abjective (totel magnification ca. 400X): numerical 
apertum • 0.65 to 0.75. 

4. Slides, glass, single-frosted. pre-<1eaned, 25 x 75 on. 
5. Cover slips, 22 x 22 nn. Ho. )-i/2, unless otherwise 

specified by Micr~.->cope manufactumr. 
6. Lacquer or nail pc )sh. 
7. Knife, #10 surgic^: steel, curved blade. 
8. Tweezem. 
9. Rask, Guth-type. insulated neck. 250- to 500-mL (with 

single-holed rvbber stopper antf elbow-jointed glass 
tiding, 16 to 22 OB long). 

10. Hotplate, spark-free, stirring type; heating mantle; or 
infrared lamp and Magnetic stirmr. 

11. Hicropipets, S-yL. 
12. Graticule, Ualton-Beckett type with 100-i«i diameter 

circular f ie ld at the specimen plane (area > 
0.00785 mi*) Hypn 6-22 for A Rules; Type G-24 for B 
Rules). Avail j^le froo PTR Optics Ltd.. 145 Newton 
Street, Ualthaa. Wk 02154 Qelephone [617] 891-6000). 
NOTE: The graticule is custon-made for each microscope. 

Specify disc diameter needed to f i t exactly the 
ocular of the nicroscope and the dianeter (nn) of 
the circular counting area (see step 12). 

13. HSE/NPL phase contrast test sl ide. Hark I I . Available 
fron PTR Optics Ltd. 

14. Telescope, ocular phase-ring centering. 
15. Stoge aicrometer (0.01-an divisions). 
16. Alu i imn f o i l . 

SPECIAL PRECAUnONS: Acetone Is an extreaely flamnable l l ^ i d and precautions must be taken 
not to ignite i t . Heating of acetone aust be done in a ventilated laboratory ftae hood using a 
flaneless,. spark-free heat source. 

. « 
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SAMPLING: 
1. Calibrate each personal sampling punp with a representetive sampler in l ine [ 3 ] . 
2. Fasten the sanpler to the worker's lapel as close as possible to the worker's msuth. 

Ranove the top cover froa the end of the cowl extension (open face) and or ient face down. 
Wrap the j o i n t between the extender and monitor body with shrink tape to prevent a i r leaks. 

3. Wrap the cassette t i g h t l y in aluninun f o i l being sum not to obstruct a i r f low into the open 
end. 
NOTE: This step is not necessary i f an e lec t r i ca l l y conductive cowl is used. 

4. Submit at least two f i e l d blanks (or 101 of the toul sanples. whichever is greater) fo r 
each set of sanples. Remove the caps fron the f i e l d bldnk cassettes and store the caps and 
cassettes in a clean area (bag or box) during the sanpling period. Replace the caps in the 
cassettes when sanpling is ccnpleted. 

5. Sanple at 0.5 L/min or greater [ 8 ] . Adjust sanpling flow ra te , Q (L/min). and time, t 
(min), to produce a f iber density, E (f ibers/nm^). of 100 to 1300 f ibers /nn* 
[3.85* 10* to 5* 10' f i bem per 25-*rm f i l t e r with e f fect ive co l lec t ion area (A^B 
38S tm^) ] for optimun counting precision (step 22). Do not exceed 1 mg totel dust 
loading on the f i l t e r . These variables are related to the action level (one-half the 
•ajrrent f t f n d i r ^ ) , I ( f ibers/nL) , of the f ibrcus aerc«>l being sanpled by: 

t - t^:>^^> 
' (Q)(L)10»' 

NOTE: A sanpling flew rate of 1 to 4 L/min for 8 hrs is appropriate in non-dusty 
atmospheres containing ca. 0.1 fiber/mi. Dusty atmospheres requim smaller sairple 
volunes; anPient. c'ean atmospheres require larger air sanples for optimum counting 
precision. 

6. Renove the field monitor at the end of sampling, replace the plastic top cover and small. ,' 
end caps, and stom the monitor. 

7. Ship the samples, still wrapped in aluninun foil, in a rigid conteiner with sufficient 
packing material to prevent jostling or damage. 
NOTE: Oo not use polystyrene foan in the shipping conteiner because electrostetic forces 

may cause fiber loss fron the sanpler filter. 

SAMPLE PREPARATION: 
NOTE: The object is to produce saeples with a smooth (non-grainy) background in a mediun with a 

mfractive index equal to or less than 1.46. The method below collapses the filter for 
easier focusing and produces pennanent mounts whieh a m useful for qual ity. cont."o1 and 
interlaboratory conparison. Other mcxinting techniques meeting the above criteria may 
also be used (e.g., the non-permanent field mounting technique used in P&CAH 239 [1.3,4]). 

8. Ensum that the glass slides and cover slips a m free of dust and fibem. 
9. Place 40 to 60 mL of acetone into a Guth-type flask. Stopper the flask with a single-hole 

rubber stopper through which a glass tube extends 10 to 12 cm into the flask. The portion 
of the glass tube which exits the top of the stopper (8 to 10 cm) is bent downward in an 
elbow which makes an angle of 20 to 30* with the horizontel. 

10. Place the flask on a stirring hotolAte or wrap in a heating mantle. Heat the acetone 
gradually to its boiling taiperatum (ca. 58 *C). 
CAUTION: The acetone vapor must be generated in a ventilated fune hood away from all open 

, flames and spark sources. Altemate heating methods can be used, providing no 
. open flane or sparks a m pmsent. 

11. Hount a wedge cut from the sanple filter on a clean glass slide. 
a. Cut wedges' of ca. ZSi of the filter area with a curved blade steel surcical knife using* 

a rocking motion to pmvent tearing. 
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b. Place the filter or wedge, dust side up. on the slide. Stetic electricity will usually 
keep the filter on the slide until it is cleared. 

c. Hold the glass slide supporting the filter ca. 1 cm from the glass tube port whem the 
acetone vapor is escaping fron the heated flask. The acetone vapor stream should cause 
a condensation spot on the glass slide ca. 2 to 3 cm in diameter. Hove the glass slide 
gently in the vapor stream. The filter should clear in 2 to 5 sec. If the filter 
curls, distorts, or is otherwise mndered unusable, the vapor stream is probably not 
strong enough. Periodically wipe the outlet port with tissue to prevent liquid acetone 
dripping onto the filter. 

d. Using the 5-vL nicropipet, place S.C to 3.5 yL triacetin on the filter. Gently 
lower a clean cover slip down onto the filter at a slight angle to reduce the 
possibility of forming bubbles. 
NOTE: If too nany bubbles form or the amount of triacetin is insufficient, the cover 

slip may became deteched within a few houm. If excessive triacetin remains in 
contect with the edge of the filter under the cxjver slip, fiber migration may 
occur at the edges. 

e. Glue the edges of the cover slip to the glass slide using a lacquer or nail polish [9]. 
NOTE: If clearing is slow, the slide luy be warmed on a hotplate (surface tenperatum 50 

• n ^or 15 vrin *o K v . t r r c l M r ' v Crtirtirg rry pr~c'>s1 i-ned'e .•j'y afttr 
clearing and mounting a m conpleted. 

CALIBRATION AND QUALITY CONTROL: 
12. Calibration of the Walton-Beckett graticule to obtein a counting area (D) 100 ym in 

diameter at the image plane. The diameter, d^ (nn), of the circular counting a m a and 
the disc diameter aust be specified when ordering the graticule. 
a. Insert any available graticule into the eyepiece and focjs so tnat the graticule lines 

are sharp and clear. 
b. Set the appropriate interpupillary distence and, if applicable, reset the binocular head 

adjustment so that the magnification remains constant. 
c. Instell the 40 to 45X phase objective. 
d. Place a stege microneter on the microscope object stege and Focus the microscope on the 

graduated lines. 
e. Neasum the magnified grid length of the g^'aticule, L Q (ixn), using the stege 

microneter. 
f. Remove the graticule from the microscope and measum its actual grid length, L^ (nn). 

This can best be acconplished by using a stege fitted with vemiem. 
g. Calculate the cimle dianeter, d^ (nm), for the Ualton-Beckett graticule: 

u . 

^ • ^ 
X D. 

Example: If L^ • 108 i«i, L̂  • 2.93 ne and D > 100 in, then d̂  • 2.71 MB. 
h. Check the field diameter, 0 (acceptable range 100 in ^ 2 vm) with a stege 

nicroneter upon receipt of the graticule fron the nanufactomr. Detennine field area 
0*2). 

13. Hicroscope adjustments. Follow the manufactumr's instructions and also the follwing: 
a. Adjust the light source for even illunination across the field of view at the condenser 

i r i s . 
NOTBc KShler illunination is preferred, whem available. 

b. Focus on the particulate material to be examined. 
c. Hake sum that the field i r i s is in focus, centered on the sanple, and open only enough 

to fully illuminate the field of view. 
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d. Use the telescope ocular supplied by the manufacturer to ensure that the phase rings 
i a n n u t i r diaphragn and phase-shifting elements) are concentric. 

14. Check the phase-shift detection liait of the microscope periodically. 
a. Ranove the HSE/NPL phase-contrast test slide fron its shipping conteiner and center it 

under the phase objective. 
b. Bring the blocks of grooved lines into focus. 

NOTE: The slide consists of seven sets of grooves (ca. 20 grooves to each block) in 
descending order of visibility from sets 1 to 7. The requirements for asbestos 
counting are that the microscope optics must resolve the grooved lines in set 3 
conpletely, although they may appear somewhat faint, and that the grooved lines in 
sets 6 and 7 must be invisible. Sets 4 and 5 must be at least partially visible 
but may vary slightly in visibility between microscopes. A microscope which fails 
to meet these requirenents has either too low or too high a resolution to be used 
for asbestos counting. 

c. If the inege quality deteriorates, clean the microscope optics. If the problen 
persists, consult the microscope manufacturer. 

15. (>jality control of fiber counts. 
a. Prepare anc' count field blanks along wi*.h th«» field s*np'e«:. Riport the courtr or »ech 

blank. Calculate the mean of the field blank counts and subtract this value fron each 
sanple count before reporting the results. 
NOTE 1: The identity of the blank filters should be unknown to the counter until all 

counts have been conpleted. 
NOTE 2: If a field blank yields fiber counts greater than 7 fibers/100 fields, report 

possible contamination of the samples. 
b. Pe'^form blinc! recounts by the sane counter on 101 of filtem counted (slides relabeled 

by a pe.-son other than the counter). 
16. Use the following test to determine whether a pair of counts on the same filter should be it 

rejected because of possible bias. This stetistic estimates the counting repeatability at~ 
the 951 confidence level. JDiscard the sdmple if the difference between the two counts 
exceeds 2.77 (F)s^, where F • average of the two fiber counts and s^ * relative 

standard deviation, which should be derived by each laboratory based on historical in-house 
date. 
NOTE: If a pair of counts is rejected as a result of this test, recount the remaining 

sanples in the set and test the new counts against the fimt counts. Discard all 
rejected paired counts. 

17. Enroll each new counter in a training course which conpares perfonnance of countem on a 
variety of sanples using this procedure. 
NOTE: To ensure good reproducibility, all laboratories engaged in asbestos counting should 

participate in an asbestos proficiency testing progran such as the NIOSH Proficiency 
Analytical Testing (PAT) Program and routinely participate with other asbestos fiber 
counting laboratories in the exchange of field sanples to compare performance of 
countem. 

HEASUREfCNT: 
18. Place the slide on the mechanical stege of the calibrated microscope with the center of the 

filter under the objective lens. Focus the microscope on the plane of the filter. 
19. Regularly check phase-ring alignment and Kohler illunination [7]. 
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20. Select one of the following sets of counting rules: 
NOTE: The two sets of rules have been demonstrated to produce equivalent mean counts on a 

variety of asbestos sample types [5] and must be strictly followed in crder to obtein 
valid results. No hybridizing of the two sets of mles is permitted. The 
calibration of the microscope with the HSE/NPL test slide determines ths mininun 
detectable fiber dianeter (ca. 0.25 ixn). 

a. A Rules (sane as P&CAH 239 rules [1,3,4]). 
1. Count only fibem longer than 5 ixn. Heasure the length of curved fibers along the 

curve. 
2. Count only fibem with a length-to-width ratio equal to or greater than 3:1. 
3. For fibem which cross the boundary of the graticule field, do the following: 

a. Count any fiber longer than 5 ixn which lies entirely within the graticule area. 
b. Count as 1/2 fiber any fiber with only one end lying within the graticule area. 
c. Oo not count any fiber which crosses the graticule boundary more than once. 
d. Reject and do not count all other fibem. 

4. Count bundles of fibem as one fiber unless individual fibem can be identified by 
observing both ends of a fiber. 

5. Count enough graticule fields to yield 100 fibem. Count a minimun of 20 fields. 
?tcr *; iro fif lit ''.>j.-ril'>si; cf fit »r c> n:, 

b. B Rules 
NOTE: The B Rules are preferred analytically because of their deronstrated ability to 

improve the reproducibility of fiber counts [5]. 
1. Count only ends of fibem. Ê .ch fiber must be longer than 5 iim and less than 

3 }tn dianeter. 
2. Count only ends of fibem with a length-to-width ratio equal to or greater than 5:1. 
3. Count each fiber end whieh falls within the graticule area as one end, provided that 

the fiber aeets rules b.1 and b.2. 
4. Count visibly free ends i^ich meet rules b.1 and b.2 when the fiber appeam to be 

atteched to another particle, regardless of the size of the other particle. 
5. Count the free ends of fibem emanating from large clunps and bundles up to a maxinun 

of 10 ends (5 fibem), provided that each segment meets rules b.1 and b.2. 
6. Count enough graticule fields to yield 200 ends. Count a minimun of 20 fields. Stop 

at 100 fields, regardless of the fiber count. 
7. Divide the totel end count by 2 to yield fiber count. 

NOTE: Split fibem will normally be counted as more than two enos if the free ends 
neet mles b.1. and b.2. 

21. Stert counting fron one end of the filter and progress along a radial line to the other 
end, shift either up or down on the filter, and continue in the reverse direction [10]. 
Select fields randomly by looking away from the eyepiece briefly while advancing the 
mechanical stege. Uhen an agglonerate covem ca. 1/6 or more of the field of view, reject 
the field and select another. Do not report rejected fields in the nuiPer of totel fields 
counted. 
NOTE: Uhen counting a field, continuously scan a range of focal planes by soving the fine 

focus knob to detect very fine fibem which have becone enbedded in the filter. The 
snail-diameter fibem will be very faint but a m an important contribution to the 
totel count. 

CALCULATIONS: 
22. Calculate and report fiber density on the filter, E (fibers/nw'), by dividing the totel 

fiber count, F, minus the mean field blank count, B, by the nuiPer of fields, n, and the 
field area. A* (0.00785 mn* for a properly calibrated Walton-Beckett graticule): 
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23. Calculate the concentration, C ( f ibers/nL) , of f i b e m in the a i r volune saipled. V (L) , 
using the ef fect ive co l lec t ion area of the f i l t e r , A^ (385 nm* for a 25-oni f i l t e r ) : 

c-i!ii^. 
V-10» 

NOTE: Periodically check and adjust the value of A^, if necessary. , 
EVALUATION OF ICTHOO: 
This method is a revision of NIOSH Hethod P&CAH 239 [1,3,4]. A sunnary of the revisions is as 
fol lows: 

A. Sampling: 
The change from a 37-4in to a 2S-«n f i l t e r size was incorporated to inprove sens i t i v i t y and 
reduce problems associated wi th non-uniform f iber loading reported on the 37-nn f i l t e m 
[ l O j . The change in flow rates allows for 2 n* f u l l - s h i f t samples to oe taken, providing 
that the f i l t e r is not overloaded with non-fibrous par t icu la tes. The col lect ion ef f ic iency 
of the sanpler is not affected by changes in flow rate in the range 0.5 to 16 L/min [ 8 ] . 

B. Sanple Preparation Technique: 
The acetorte vapor-triacetin preparation technique has been incorporated in the method as a 
faster, nore permanent mounting technique than the dimethyl phthalate/diethyl oxalate; method 
of PiCAfl 239 [1,3,4,11]. 

C. Heasurement: 
1. The inclusion of the Ualton-Beckett graticule in the method was made to stendardize the 

field area observed through the eyepiece [6.11]. 
2. The introduction of the HSE/NPL test slide was nade to standardize microscope optics for 

sensitivity to fiber dianeter [7,11]. 
3. An intemational collaborative study involved 16 laboratories using prepared slides fron 

the asbestos, cenent, milling, nining, textile, and friction material industries [5]. 
The relative levels of count by different counting mles were: 

Nuiber of Aspect Ratio > 3:1 Aspect Ratio > 5:1 
Sanple Tvoe Sanoles AIA Rod.- CRS* AIA Hod. CRS* 

Hining 10 100 127 74 92 
Hilling 10 IOO 112 84 95 
Asbestos Canent 14 100 146 90 137 
Textile Chrysotile 10 100 109 89 99 
Friction Hateriel 10 100 130 87 116 

Othem (Insulation, Anosite) .i M iil 2i ill 

TOTAL: 60 HEAN: 100 125 86 110 

•Artttmetic neans of counts nade by different laboratories relative to the AIA counts. 

The modified CRS (NIOSH B) Rules were found to be more precise than the AIA (NIOSH A ) * « 
Rules. The ranges of relative standard deviations (Sp) which varied with sanple type 
and laboratory were: 
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intralaboratory Interim boratory Overall 

AIA (NIOSH A Rules)* 0.12 to 0.40 0.27 to 0.85 0.46 
Hodified CRS (NIOSH B Rules) 0.11 to 0.29 0.20 to 0.35 0.25 

*Under AIA rules, only fibem having a diameter less than 3 um are counted and 
fibem atteched to particles larger than 3 in are not c=iunteo. NIOS^ A Rules 
Are othemise similar to the AIA mles. 

.< 

The B Rules have also been favorably received by analysts as less arbiguous and sinpler 
to use; these mles also showed the least bias relative to AIA rules in the 
collaborative study. An independent NIOSH laboratory study using amosite fibem 
reported a relative standard deviation, including within- ar.r between-s^nple 
variability, of 0.157 for the B Rules [12]. Adding an estiroted sanpling purp error of 
0.05 [13] to the within-sanple variability in this study results in an estimate of 
overall precision, s^, of 0.102 for the B Rules. 

4. Because of past inaccuracies associated with low fiber counts, the mininun loading has 
U.s.rt '..Majjed a IOC fioei-s/bn? filter are^ i60 fibem totel count). Tnis level 
yields an overall s^ > 0.13, as indicated in Figure 3 (revised) of P&CAH 239 [3.4] 
which corresponds to a measurement s^ • 0.12 after removal of >irf> error [13]. 
Similarly, at the maxinun count of 100 fibem, overall s^ « 0. 15 and medsurement s,. 
B 0.10 are obteined. 

D. Evaluation of the method using the A and B counting rules will proceed on a continuing basis 
through the NIOSH Proficiency Analytical Testing (PAT) Prograr*. The new PAT reporting f i ^ m 
allows for reporting of results by either set of rules as of January, 1984. 
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ABSTRACT 

The provisional electron nicroscope nethodology for neasuring the 
concentration of airbome asbestos fibers vas refined. The nethodology is 
divided into separste protocols. The step-by-step procedures for each 
protocol are nearly identical, eo that euoulatlve data can be obtained and 
uncertainties, especially in asbestos identificstion, ean be clsrlfied. The 
operational steps encompass (1) type of ssaple, (2) collection end transport, 
(3) sample preparstion, (4) examlnstion under the transmission electron 
nicroscope (TEM) Mud dsts collection, (5) date reduction and reporting of 
results, and (6) quality control-quslity sssurance. 

The TEM analytical protocol is subdivided intd three levels of snal-
ysls: Level I, for screening nany sanples; Level II, for regulstory action; 
and Level III, for confimatory anelysis of controversial ssmples. Because 
identificstion of asbestos structures is critical, the level of analysis is 
directly relsted to the infornation sought: 

Level I—morphology end visual selected ares electron 
diffraction (SAED) pattem recognition. 

Level II—morphology; visual SAED; snd elemental analysis. 

Level Ill-^iorphology; visual SAED; a selected number of SAED 
nlcrogrsphs of zone-axis pstterns; end elenental 
analysis. 

This report was submitted in fulflllnent of Contrsct Ho. 68-02-3266 by 
IIT Research Institute under the sponsorship of the U.S. Environnentsl 
Protection Agency. This report covers the period September 19, 1979, to 
June 19, 1981, end work was completed ss of September 30, 19B1. 
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SECTION 1 

mRODDCTIOH 

Asbestos is recognized as a health hazard, especially if inspired into 
the alveolar region of the resplrstory tract. Asbestos nay be present in air 
samples, water ssmples, biological or clinical ssmples, and other aiscel-
Isneous bulk ssmples, such as ores and food. These vsrlous types of samples 
require different collection methodologies and diverse prepsrstion techniques. 

Asbestos analysis nethodologles nay be categorized as bulk-msterlal 
analyses, or those providing concentration Infomstlon, and single-fiber 
analyses, or those providing norphology, size distribution, and concentra
tion. Bulk-naterlal analysis techniques, which include Infrsred spectroscopy, 
dlfferentlsl thermal analysis, and x-ray diffraction analysis (XRD), are 
limited by an inability to analyze eoneentratlons of less than 1 ug, and by an 
inability to differentiate betveen fibrous and nonfibrous foms of nlnersls. 

Single-fiber analysis techniques Include optlcsl nlcroscopy and electron 
microscopy. Optical nlcroscopy employing phsse contrast has been promulgated 
into a monitoring method for the vorkplace environment (NIOSH-P&CAM 239). In 
addition, promulgation of a monitoring method for bulk-naterlsl asbestos 
samples (building Insulstlon) using polsrlzed light nlcroscopy (PLM) is 
presently being considered. Bo%»ever, optical nlcroscoplc techniques csnnot 
determine fibers of less than approxinately 1 ym in diaaeter, and phase 
contrast csnnot dlfferentiste betveen asbestos and nonasbestos fibers. 

The electron nicroscope (EM) provides psrtlele norphology and size, and a 
degree of identification. A comprehensive study of various EM procedures 
(Samudra et al., 1977} vas conducted in development of a provisional method
ology nanual. Electron Microscope Meesurement of Airbome Asbestos Concentra
tions (Samudra, 1978). Three EM aethods are available: the scanning electron 
nicroscope (SEM), the transmission electron aicroscope (TEM), and the analyti
cal electron nicroscope (AEM). The SEM, vlth an x-ray energy-dispersive 
spectroneter (EDS), permits visual characterization (analogous to reflection 
optlcsl nlcroscopy) and fiber Identification by elenental analysis. The TEM, 
providing an increased dsts-acquisltlon cspsbllity, permits visual charscterl-
zstion (in the trsnsmitted node) and fiber identification by crystsl structure 
analysis. The AEM is a TEM with an EDS, and with the added capability of 
SEM/STEM (scanning transmission electron microscope) operstlon, whleh permits 
visual characterization (aorphology and size) as well as fiber identificstion 
using both crystal structure by selected area electron diffraction (SAED) and 
elemental analysis by EDS. 



The original EM methodology vas developed for the U.S. Environmental 
Protection Agency (EPA) for measuring airbome asbestos concentrations, 
specifically for ambient air and for use as a "screening" tool. Development 
guidelines Included sttalnable precision snd sccurscy of results; relstlve 
rapldness in use; cost-effectiveness; sppllcablllty to a large number of 
laboratories possessing a TEM (at that time, very few laboratories had TEM's 
vlth x-ray snslysls cspsbllity or an AEM); and procedural steps to be inde
pendent of unique or exceptional in-house capabilities of a single Isboratory 
(that is, interlaboratory precision rsther than intralaboratory). 

In usage, the EM method vas successful vithin its prescribed 11mlts-
tions—thst is, the precision and accuracy of results betveen Isborstorles 
using the complete method vas good. Hovever, problems that had been recog
nized in the study developing the methodology (Ssmudrs et al., 1977) arose In 
the sress of (1) interpretation of airbome, (2) sample collection, (3) need 
for more exscting identificstion of asbestos, especially of amphibole type, 
and (4) use of only part of the methodology. 

The present study vas undertsken to refine the methodology. The problem 
areas and related criticisms vere addressed irithin the underlying goals and 
guidelines set for optimizing the nethodology. Protocols similar to a cook
book vere not possible since basic knovledge or training vas required regard
ing (1) ssmple collection, (2) prepsrstion of ssmples for EM, (3) use of the 
TEM-AEM, and (4) diffraction pattem analysis. The refined nethodology is 
based on an assumption that each intended user of a particular level of analy
sis has the necessary background and training to use it. 



SECTION 2 

OONCLOSIORS AND lEOOMlEHDATIORS 

The EM methodology for neasuring the concentrstion of airbome asbestos 
fibers has been refined and specified, and is reconmended for field evelua
tlon. The nethodology is based on a TEM analytical protocol that is divided 
into three levels of effort: Level I, for screening many samples; Level II, 
for regulatory action; and Level III, for confirmatory analysis of controver
sial samples. The three-level analytical nethodology is cost-effective, and 
vill provide the required results for proper assessment of asbestos. 



SECTION 3 

GUIDELINES POR DNDERSTARDIHG THE METHODOLOGY 

The methodology is divided into sepsrste protocols. The step-by-step 
procedures for esch protocol are nearly identical, so that cumulative data can 
be obtained and uncertainties, especially in asbestos identificstion, can be 
clarified. These operstlonal steps are: 

(1) Type of Sample—Source 

(2) Sample Collection and Transport 

(3) Sample Preparation for Analysis—Grid Transfer 

(4) TEM Examination and Data Collection 

(5) Data Reduction and Reporting of Results 

(6) Quality Control/Quality Assurance (QC/QA). 

The analytical protocol under the TEM examination and data collection 
procedure is subdivided into three levels of incresslng analytical effort in 
terms of requiring an instrument of greater capability, an electron 
microscopist vlth greater expertise, and a longer analytical time. Level I, a 
monitoring or screening methodology, resembles the present EPA provisional 
methodology (Ssmudrs et sl., 1978; Anderson and Long, 1980). Level II is s 
regulatory method requiring additional analytical criteria to establish 
asbestos Identification limits, and to provide guidance for Level I analyses 
by confirming or clarifying visual SAED pattems. Level III, the nost 
sophisticated and the costliest of the aetliodsr~l8 intended for confirming 
asbestos identificstion, especially in judicial controversies and other 
special situations. 

In Sections 4, 5, and 6, the protocols for each of the three levels of 
.analysis are presented independently of esch other, and thus procedures common 
to esch are repeated. All figures are presented in Appendix A. 

Section 7 describes aodifications for using the aethodology on archival 
eamples, which are eamples collected on nonprocedural filter eubstrstes, or 
samples collected vithout regard to filter loading levels. Section 8 
describes analysis of Inorgsnic sources in bulk-air samples or in bulk form. 
Section 9 concludes the report vith a discussion of analytical aids pertaining 
to the limits of detection, prepsrstion of blanks, use of coaputers, 
Bagnlficstlon cslibratlon, and statistical aethodology. 



General guidelines for understsndlng the aethodology are discussed in 
the folloving paragraphs. 

LEVEL OF ANALYSIS 

Knovledge of the history, source, and location of the sample, and the 
purpose and objective of the analysis aids in selecting the correct level of 
snalytlcal effort. Simply "grinding the ssmples out" neither is cost-
effective nor produces the best results, especially for Level II and Level III 
analyses. Instead of all Level I, all Level II, or all Level III, the 
aajorlty of the analyses msy be Level I, folloved by some Level II. Level III 
could be used in its entirety or only at the analytical phase. If the source 
is knovn to contsln no amphlbole-type interference, or if chrysotile is of 
interest, gold-costing can be eliminated. 

If a legal, proceeding is anticipated. Level III analysis vill be required 
vhere s chsin-of-custody record is kept from collection, transport to the 
Isborstory, prepsrstion, analysis, dsts reduction, and reporting of results. 
EM finder grids must be used for grid transfer. In addition, for quality 
assursnce, a second Isboratory nust be svsilable for analyzing a portion of 
the sample using the ssme degree of custodial care. QC/QA protocols nust be 
observed and records kept. 

Whenever possible, and especially for unknovn source eamples, 10 to 20Z 
of esch set of samples should be analyzed by Level II analysis prior to using 
Level I as a screening procedure. 

Level I is a relstively rspld procedure, and can be used by nany "i 
laboratories vlth access to s conventional TEM. However, Level I results 
should not be used in legal proceedings. If "positives" or "false positives" 
sre found, especially in areas vhere asbestos is knovn to be sbsent, and the 
field blank and laboratory blank have been checked. Level II analysis, and 
possibly Level III analysis, should be perfomed. 

ORDER OF AMALTSIS 

The order of analysis is (1) field blanks, (2) laboratory blanks (if 
needed), and (3) field samples. 

OOLLBCnON ARD RKPORTIMG 

The counting rule, "aininum 100 fibrous structures per knovn area 
(complete grid opening) or 10 grid openings, whichever is first," Is a alnlmun 
rule for cost limitation. For very lov asbestos presence, or for asbestos 
contamination studies, vhere particulate loading is high and asbestos presence 
very lov, counting 20 grid openings from esch of 2 grids (10 per grid) is 
recoamended. 

The EM aagnificstion factor Is very high or, convereely, the ares of 
deposit examined Is very snail. Therefore, although the electron nicroscoplst 
nsy report a zero count, the notation "Belov Detectable Level" le nore appro
priate in the ssmple report. Along the same lines, the electron alcroscoplst 



should report observations, measurements, and conclusions as objectively as 
possible, realizing the subjective nature of his decision-making, such as 
parallel-sided, 3:1 aspect rstlo, number count, size aessurements, 
recognition-discrimination of SAED pattems, and categorizing of asbestos 
structure. 

Data reduction and reporting of results nust be consistent and stated. 
Dimensions of X-flbers (unknovn length since complete fiber is not visible) 
may be doubled, not counted st all, or presented separately. Doubling of the 
visible portion is recommended, and should be so stated in the report. 

Mass or conversion of size nessurements to an assumed shape-volume-
density relstionshlp, is calculated, and thus is the lesst reliable of the 
data, especially for X-fibers, bundles, clusters, and natrlces. 

Although norp1y>logy, SAED, and XRF either singly or in comblnstion irlll 
provide Identification of asbestos, not all structures irill be identified. 
The nature of the asbestos structure prevents analysis of all structures by 
SAED snd/or by elemental analysis vlth EDS. Such factors as specimen thick
ness, orientstlon, and proximity to other particulates or to the grid irlre 
vill prevent attainaent of good SAED pattems and limit the effectiveness of 
chemical analysis. 

COSTS 

Levels I, II, and III analyses are estimated to require 200, 400, and 
1200 min per analysis, respectively. Additional costs vill result from 
collection, preparation, and reporting of results. The equivalent monetary 
costs vill depend on the laboratory rates of the personnel involved. 

APPLICATION TO KIHAIRBORHE SOORCES 

Although che aethodology has been developed for airbome asbestos, other 
types of ssaples fron different sources csn be analyzed if the eamples are 
finely divided and placed with proper loading and uniform distribution either 
on 8 polyesrbonate membrane filter or on a carbon-coated EM grid. Of course, 
the limitations of the collection and preparation steps must be knovn and 
accounted for to prevent inaccuracies in compsring results. 

GEOGRAPHICAL OOISIOERAXIOIS 

In some parts of the country, euch as the Upper Great Lakes area, the 
possibility of aisidentificstion Is auch grester beceuse eome nonaaphlbole 
ainerals have vleual SAED pattems that closely resemble those of anphiboles. 
Gold-coating and Level II analysis vill help in differentlsting betveen these 
ainerals. 

LIBORATORT OOMDITIORS 

Asbestos analysis Involves sustained alcroscopy for perlode of 3 to 
7 hours vlth unscheduled rest breake. Subjective decieions regarding euch 
factors as aorphology, size aessureaent, visual identificstion, and possible 



EOS make it difficult to break a manipulative physical routine or rhythm. 
Therefore, a professional environment for the nicroscoplst is essential for 
effective asbestos analysis. In particular, such fsctors ss unnecessary or 
redundant procedural steps, lack of personal recognition, and unreasonable 
deadlines may contribute to poor precision. 



SECTION 4 

LEVEL I AHALYSIS 

SOMtARY OF PROTOCOL 

Level I analysis is s monitoring or screening technique. It assesses the 
amount and type of asbestos structures in the stmosphere through the following 
steps: 

(1) A known volume of air is psssed through a polycarbonate 
membrane filter (pore diameter, 0.4 ym; filter diameter, 
37 or 47 nm) to obtain approximately 5 to 10 yg of 
particulates per cm^ of filter surface. 

(2) The particulate-lsden filter is transported in its ovn 
filter holder. 

(3) The filter is csrbon-coated in the holder. 

(4) The particulates are transferred to an Sl grid using s 
refined Jsffe vlck vasher. 

(5) The EM grid, containing the particulates, is gold-coated 
lightly. 

(6) The EM grid is examined under lov magnification (250X to 
lOOOX) folloved by hlgh-magnlfication (16,000X on the 
fluorescent screen) search and analysis. 

(7) A knovn srea (measured grid opening) is scanned, and the 
fibrous structures (fibers, bundles, clusters, snd 
matrices) are counted, sized, and identified as to 
asbestos type (chrysotile, amphibole, ambiguous, or no 
identity) by aorphology and by observing the SAED pattem. 

(8) The observstlons are recorded—a Biniaum of 100 fibrous 
structures or 10 grid openings, vhlchever is first. 

(9) The data are reduced and the results reported. 

EQUIPMENT, PACILITIBS* ARD SUPPLIES 

The folloving items sre required for Level I analysis: 

(1) An 80 or lOO-kV TEM vlth a fluorescent vievlng screen 
inscribed vith grsduations for estimsting the length and 
vldth of fibrous psrticulstes. 



(2) A vscuum evsporstor vlth e tumtsble for rotstlng 
specimens during costing, for such uses as carbon-coating 
polycarbonate filters, gold-costing EM grids, and 
preparing carbon-coated EM grids. 

(3) An EM preparation room adjacent to the room housing the 
EM. This room should either be a clean-room facility, or 
contain a lamlnar-flov class-100 clesn bench to ainiaize 
contamination during EM grid preparation. Filter handling 
and transfer to EH grids should be performed in a clean 
atmosphere. Laboratory blanks should be prepared and 
analyzed weekly to ensure quality of vork. 

(4) Several refined Jaffe wick washers for dissolving aembrane 
filters. 

(5) Miscelleneous EM supplies and chemlcsls, including csrbon-
costed 200-Besh copper grids, grid boxes, and chloroform. 

(6) Saaple collection equipment. Including 37-nm-diameter or 
47-am-diameter filter holders, 0.4-ym (pore size) 
polycarbonate filters, 5.0-ym (pore size) cellulose ester 
aembrane filters for back-up, a ssmpling pump vith 
ancillary equipment, a tripod, critical orifices or flov 
asters, and a raln/vind shield. 

DBSCRIPTKNi OF METHODOLOGY 

I. Type of Sanples—Source 

This protocol was originally developed for the EPA for aeasurlng airbome 
asbestos (Samudra et al., 1977; Samudra et al., 1978). A broad interpretation 
of airbome has been to apply the term to eamples obtsined from ambient air 
(the original purpose), aerosolized source asterials (sueh as the asbestos 
workplsce environaent, and fugitive dust emissions), bulk-air aaterial (such 
as total suspended psrticulste (TSP) eaaples, dust, and povders) and any other 
type of ssmple obtsined by nonrestrietlve use of (1) collection of a volume of 
air, (2) aeparation from the air, and (3) concentration of the particulates 
onto a eubstrste. The airbome protocol has also been applied to eamples 
collected in the regulatory areas of the EPA, as conpared vlth, for example, 
the vorkplace environaent (National Institute of Occupstional Safety and 
Health), aining activities (U.S. Bureau of Mines), and shlpbosrd ataosphere 
(Federal Maritiae Adainistration). 

The present aethodology has been optiaized for epplicetion epecificslly 
to samples collected from a volume of air In vhich the aebestos concentrstion 
is considered e minor coaponent of the totsl particulate loading (other analy-
ticsl aethods are available for eeaples known to contain high concentrations 
of asbestos); end In which the particles are less than 15 pa In diaaeter, 
eince particles greater than 15 ya either are not Inhaled or are deposited in 
the upper reeplratory tract and expelled, and preferably leee than 10 ym in 
diameter as recoamended by the Clean Air Scientific Advieory Coaaittee 
(Hlleman, 1981), eince particles up to 10 ym can be absorbed by the alveolar 



region of the lung. These concentration and size restrictions vill preclude 
many air samples collected in an asbestos-processing environment snd in bulk-
air material from the complete aethodology. Hovever, such samples can still 
be examined vlth the TEM, vithin the limitations of the instrument, through 
changes in prepsrstion techniques—provided the effects oo the final results, 
such ss fractionation of size and representstlveness of the ssmple, are 
carefully considered. 

2. Saaple Collection and Transport 

Saaple CoUeetlc 
Sampling procedures vsry depending on the nature of the ssmple, purpose 

of collection, analytical aethod to he used, ssmple substrste, and time and 
cost of ssmple collection relative to the totsl analytical effort. Neverthe
less, the primary objective of sample collection al%rays is to obtsln s repre
sentetive, unbiased sample. 

Implngers,' Impsction devices, electroststle preeipitstors, and thermal 
precipitators hsve been used in sample collection, but each has limitstions. 
Presently, the preferred substrstes are aembrane filters, which are aanu-
factured from different polymeric materials. Including polyesrbonate, alxed 
esters of cellulose, polystyrene, cellulose acetate, and cellulose nitrate. 
Polycarbonate aembrane filters differ from the others in being thin, strong, 
and smooth-surfseed, and in having sieve-like construction (circular pores 
from top surface to the bottom). The other aembrane filters are thicker, have 
irregular-surfsees, snd hsve depth-filter construction (tortuous psths from 
top surface to bottom). 

Consequently, polycarbonate filters have been selected for slrbome 
asbestos analysis. The collection of small-sized psrtlcleS (prefer less than 
10 ym in diameter), the light loading of particulates, the uniform distribu
tion of psrticulstes attainable using a depth-type backing filter, the emooth 
surface and circular holes (vhleh aid in determining else and instruaent tilt 
axis), and the relative ease in grid trensfer (thin and strong) ainiaize 
disadvantages of lack of retention and/or aovement of large particles during 
handling. Other aembrane aaterlals, sueh as the cellulose ester type, are 
recommended for phase contrast and PLM, heavy particle loadings, and physical 
retention of large particles. 

In aieroseopical analysis, uniforaity of particulate distribution and 
loading is critical to euccees. Air eeaples are taken on 37-mm-diaaeter or 
47-Bm-diameter, 0.4-ym (pore else) polycarbonate aeabrane filters using the 
shiny, eaooth eide as the psrtiele-capture surface. Celluloee eeter-type 
aeabrane filtere (pore else, 5.0 ya) are used to eupport the polycsrbonste 
filter on the eupport pad (37<mB-dlaaeter pereonal eaapler) or on the eupport 
plate (47-nD-dieaeter holder). 

Air aonitoring cassettes (37-aB-diaaeter) of three-piece construction are 
available froa eeveral aanufacturere. As vith the 47*«a-diaaeter filters, 
loading the eassettee with the eupport pad, back-up filter, end 0.4 ym (pore 
else) polycarbonate filter ehotild be carefully performed on e claae-lOO clean 
bench. Since the filters are held in place by preesure fit rather than by 
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screw tightening, air aust not enter from the sides of the unit; s plastic 
band or tape (%rhlch can double as s Isbel) should be used as s final seal. 

Collecting airbome samples with proper losding requires experience. 
Each of the folloving techniques is useful in collecting slrbome ssmples for 
direct microscopy, preserving representstlve sizes, vithout diluting 
particulate deposits: 

(1) For long-term ssmpling st a site, test ssmples should be 
retumed to the Isborstory by express msll service, or sir 
express service or by i>eing hand-carried, and should then 
be analyzed by sesnnlng electron alcroscopy. 

(2) The estiasted psrticulste losding (deposit Is bsrely 
visible to the neked eye) should be bracketed by varying 
the filtration rate and using the ssme time, or by vsrying 
the time and using the ssme flltrstion rste. 

(3) An automatic particle counter, such as a light-scattering 
Instrument (0.3-ym detection) or s resl-tlme asss aonitor 
(0.1-ym detection), should be used to obtsln an 
approximate particulate-loading level of the area. 

Although any one of the three techniques will vork, the suggested tech
nique is to take the samples as a eet, varying the eaapllng rates and using 
the same time so as to obtsln filter ssmples vith different psrticulste 
loadings. Each set is composed of s minimum of four 37-am'^iameter or 47-imD-
dlameter filter units—three for different psrticulste losdings (lov, aediun, ,, 
high), and the fourth for a field blank. Suggested ssmpling rates sre 0 for V 
the field blsnk, 2.48 L/mln for the lov loading, 7.45 L/min for the medium, 
and 17.62 L/mln for the high, for a 30 ain aampling period using s 47-Qn-
dlameter filter holder. Simultaneous ssmpling vill provide at least one 
sample vlth a particulate loading suitsble for direct EM analysis. 

TSP's range from 10 yg/m^ In remote, nonurban areas, to 60 yg/m^ in near-
urban areas, to 220 yg/m^ in urban areas. Hovever, for hesvily polluted 
areas, TSP levels asy resch 2000 yg/a'. A loading of 5 to 10 yg per cm2 of 
filter is adequate for EM analysis; values beyond 20 to 25 yg per cm^ require 
a dilution treatment. As an example, for 47'am-diameter filters at face 
velocities of 3.0 cm/s (2.48 L/min), 9.0 cm/s (7.45 L/aln), and 21.2 cm/s 
(17.62 L/min), respectively, air volumes of 74.4 L, 223.5 L, and 528.6 L are 
eampled in 30 ain. For a TSP level of 200 yg/a', 14.88 yg (1.07 yg/cm^), 
44.7 yg (3.23 yg/cm2), and 105.7 yg (7.63 yg/em^), respectively, vould be 
collected on 47-am-diaaeter filters (vhleh vould hsve effective flltrstion 
areas of 13.85 cm2). The ssmpling time could be Incressed to 60 aln for sress 
hsving lover TSP levels, or reduced in a heavily polluted ares (source 
emissions). 

Airbome eemples froa ealesion sources contain coarse particles (above 
the respirable size) of lerge astrlz structures, binder aaterlala, road dust, 
elay ainerals, fillers, and other asterisls. For these eaaples, e fifth 
filter unit can be added that has a size-selective Inlet (cyclone, lapsctor, 
or elutrlstor) attached prior to the filter unit. The flov pattem and flow 
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rates of the tandem sampling arrangement must be checked before use. A satis
factory, tested combination presently used in Callfomla is s cyclone-filter 
unit trlth a D50 cut-off of 2.5 ym st 21.7 L/nln, snd s D50 cut-off of 3.5 yn 
st 15.4 L/aln (John and Relschl, 1980). Additional sampling devices, such as 
implngers (used in biological ssmpling), impsctors, snd other deslgnsted 
filter units (for TSP, XRD, or x-rsy fluorescence (XRF), for example) ean be 
added to the system to obtsln supplementsry ss vel? as interrelsted dsts. 

This expandable multifliter ssmpling unit, deslgnsted Bydrs, offers the 
folloving advantages: 

(1) It is small, inexpensive, and compact, so that an adult 
can easily handle it. 

(2) It is efficiently designed, snd includes a tripod, 
sampling pump, manifold, critical orifices, and a rov of 
preloaded 37-am-dlameter or 47^Bn-dlameter filter 
holders. A raln/vlnd shield, size-selective cyclone-
filter units, tubing, snd other extrss can be added as 
needed. 

(3) Its ssmple preparation steps and handling are ainlBlzed. 

(4) It allovs complementsry ss veil as supplementsry analysis 
(TSP, size frsctionstlon, bscteris, and XRF, for example), 
although additional air ssmpling cspscity is required. 

(5) It sceoamodates ambient air and source emission ssmples, 
vlth or vithout s size-selective inlet. 

(6) It allovs synchronous sampling in seversl places in the 
vicinity folloving the same ssmpling procedure, thereby 
seeommodsting particulste concentrstion fluctustlons. 

(7) It includes filter holders thst serve as transport and 
storage units. 

Hydra's disadvantages are a abort ssmpling period, wld,eh asy record an 
episode; a small ssmpling quantity or volume, vhich may not indicate the 
presence of ssbestos fibers; and a detection limit of 2 x IO** fibers/m^ for 
sampling 1 a? of air vith the 47-nm-diameter filter. 

Using 8 inch x 10 inch, or 102-am-diameter filter sizes, is not recom
mended. The ssmpling units are designed for purposes other than microscopy. 
Interchanging the type of ssmple substrste filter (glass fiber or paper to 
polycarbonate) does not correct the Inherent problems of filter size and 
sampling unit. 

S^ple Storage and Transport-
Once the sample is acquired, its integrity aust be assured, and contami

nation and loss of fibers prevented, until it is exsalned under the EM. The 
lov cost and small size of the 37-Bm-diaaeter and 47-«a-diaaeter filter 
holders enables them to be used as comblnstion storage and transport con-
tsiners. The filter holders should be aaintained in a horizontal position 
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during storage snd trsnsport to the Isborstory so thst the psrtieulste-loaded 
filters can be removed under optimally controlled eonditions in the Isborstory. 

For 47-mm-dlameter holders (open-fsce) to be used in trsnsport or stor
age, the screw cap is csrefully removed, and the shiny, vaxy, stiff separator 
paper used to keep the polyesrbonate filters spart is csrefully plsced on the 
retaining ring. The esp is then csrefully screved bsck on so thst the sepa
rator paper seals and protects the psrticulste-losded filter vithout touching 
it. The 37-Bm-dlameter, three-piece filter holder (aerosol aonitor) is used 
in its open-face position, and capped after usage for transport and storage. 

Vhen the aore expensive 47-aB-dlsBeter holder is to be re-used lonedl-
ately, the particulste-losded filter should be csrefully removed and placed In 
a 47-8m-dlameter Petrl-sllde (sueh as thst asnufactured by the Millipore 
Corp.*) This trsnsfer tskes plsee in the field rsther then in the laboratory, 
so thst the Petrl-fllde should be taken into the field. The 37-BB-dlameter 
filter holder or the 47-aB-dlameter holder/Petri-slide should be secured and 
all necessary ssmple Identificstion asrks snd sjnnbols spplled to the holder. 

3. Ssnple Preparation for Analysis—Grid Transfer 

Carbon-Coating the Pilter— 
The polycarbonate filter, vith the aample deposit and suitsble blanks, 

should be costed vlth csrbon as soon as possible after ssmpling is completed. 
To begin this procedure, the psrticulste-losded 47-Bm-dismeter polycsrbonste 
filter is removed from the holder and transferred csrefully to an open-faced 
47-mm-dlaffleter Petrl-sllde for csrbon-costing in the vscuum evsporstor (see 
Figure Al, Appendix A ) . If the 47-Bm-di8meter filter is already in the Petrl-':̂  
slide, the cover is replsced vlth an open-face cover, alnlmlzlng filter 
disruption. The 37-am-diameter filter is left In the holder, but the upper 
lid is removed to crests an open-faced filter. The open-faced holders are 
plsced on the rotstlng tumtsble In the vscuum evaporator for carbon-coating. 
Figure A2 shovs the aultiple-costing arrangement in the evaporator; Figure A3 
shovs 8 close-up of the 37-aa-dlsmeter and the modified 47-nm-dlameter holders 
for csrbon-costing. 

For srchivsl filters and those of Isrger sizes, portions of sbout 2.5 en 
X 2.5 cm should be cut aldvsy between the center and edge using a scalpel. 
The portions are then attached with cellophane tape to a clean glass micro
scope slide and placed on the turntable In the vacuum evaporator for coating. 

Any high-vacuum carbon evaporator aay be used to carbon-coat the filters 
(CAUTION: carbon eputterlng devices should not be used). Typically, the 
electrodes are adjusted to a height of 10 cm above the level of the filters. 
A spectrogrsphleslly pure csrbon electrode ehsrpened to a neck of 0.1 cm x 
0.5 cm is used ss the evsporsting electrode, nie sharpened electrode is 

* Millipore Corp., 80-T Ashby Rd., Bedford, Msss. 01730 
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placed in its sprlng-losded holder so thst the neck rests sgalnst the flat 
surface of a second csrbon electrode. 

The msnufscturer's instructions should be folloved to obtsln a vacuun of 
about 1.33 X 10~3 Pa (1 x 10~5 torr) in the bell jar of the evaporator. Vlth 
the turntable in motion, the neck of the carbon electrode is evsporsted by 
increasing the electrode current to about 15 A In 10 s, folloved by 20 to 25 A 
for 25 to 30 s. If the tumtsble is not used during carbon evaporation, the 
particulate matter may not be coated from all sides, resulting in an undesir
able sh8do%d.ng effect. The evsporstlon should proceed in s series of short 
bursts until the neck of the electrode is consumed. Continuous prolonged 
evsporstlon should be svolded, since overhesting snd consequent degrsdation of 
the polycsrbonste filter msy occur, impeding the subsequent step of dissolving 
the filter. The evsporstlon process msy be observed by viewing the sre 
through velders goggles (CAUTION: never look st the arc vithout appropriate 
eye protection). Preliminary calculations shov that a carbon neck of 5 am^ 
volume, vhen evaporated over a sphericsl surfsee 10 cm in radius, vill yield s 
carbon layer that is 40 nm thick. 

Folloving csrbon-costing, the vacuum chamber is slovly retumed to 
smblent pressure, and the filters sre removed snd plsced in their respective 
holders or in clesn, asrked Petri dishes for storsge on a clean bench. 

Transfer of the Saaple to the BM (^Id— 
Transferring the collected particulates from the csrbon-eosted polyesr

bonate filter to sn EM grid is sccompllshed in a clean room or on a class-100 
clesn bench. The trsnsfer is msde in s Jsffe vlck vssher, vhich is ususlly s 
glsss Petri dish containing a substrste to support the EM grid/csrbon-costed 
membrsne filter comblnstion. Solvent is sdded to s level to just vet the 
comblnstion and cause gentle dissolution of the membrsne vlth minimum loss or 
dislocation of the particulates, resulting in a aembrane-free EM grid vlth 
particles embedded in the carbon film costing. The substrste support csn be 
stainless steel aesh bridges, filter papers, urethsne foams, or combinations 
of these. 

The refined Jsffe vlck vssher is described as follovs: 

(1) The glass Petri dish (diameter, 10 cm; height, 1.5 cm) is 
asde airtight by grinding the top edge of the bottoa dish 
vith the bottom of the cover dish, vith vater and 
Carborundum* povder (80 aesh); this crestes a ground-
glass seal (closer fit) and ainiaizes the need to refill 
the Petri dish with added eolvent. (The ueual glass 
Petri dish wss found not to retain the eolvent for long 
periods of tiae, end unless the wicking eubstrste le kept 
continuously wet, poor eolubility of the aembrane filter 
results, leading to a poor-quality EM grid). 

* Carborundum is a registered trsdemark of the Carborundum Co., Carborundum 
Center, Niagara Falls, N.Y. 14302. 
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(2) A comblnstion of fosm snd s single sheet of 9-cm filter 
psper is used ss the substrste support. A 3-cm x 3-cm x 
0.6-cm piece of polyurethsne fosm (the packing in 
Polaroid film boxes) is cut snd plsced in the bottom 
dish. A 0.5-inch V-shaped notch is cut into the filter 
paper; the notch is oriented in line with the side of the 
fosm, cresting a veil for adding solvent. 
Spectrogrsphlc-grade chloroform (solvent) is poured into 
the Petri dish through the notch until it is level vlth 
the top of the fosm (slso level vlth the psper). The 
fosm vill svell, and care is needed to avoid adding 
solvent above the filter paper. 

(3) On top of the filter paper, pieces of lOO-mesh stslnless 
steel screen (0.6 cm x 0.6 cm) are placed, ususlly in tvo 
rovs, to mske seversl grid trsnsfers st one time (for 
such uses as replicss), snd to fscllltste aslntensnce of 
proper identity of esch trsnsfer. 

(4) A 3-aB section (ususlly aldvsy betveen the center and 
edge) of the carbon-eosted polycsrbonste filter is cut in 
a rocking aotion vlth a seslpel. The section asy be s 
squsre, rectsngle, or trisngle, and should just cover the 
3-nm EM grid. 

(5) A section Is Isld csrbon-slde dovn on a 200-aesh csrbon-
eosted EM grid. (Altemstlvely, Formvsr-costed* grids or 
uncosted EM grids may be used. Here, the csrbon costing 
on the polycsrbonste filter forms the grid substrste.) 
Minor overlap or underlap of the grid by the filter 
section can be tolerated, since only the central 2^BD 
portion of the grid is sesnned in the microscope. The EM 
grid and filter combination is picked up st the edges 
vlth the tveezers and carefully laid on the damp 100-aesh 
stslnless steel screen. The EM grid-filter comblnstion 
vill lamedistely "vet out" and remain on the screen. 

(6) Once all specimens sre plsced in the vssher, more solvent 
is csrefully added through the notch to aalntaln the 
liquid level so that it just touches the top of the paper 
filter. Raising the solvent level sny higher asy flost 
the EM grid off the aesh or displsee the polycsrbonste 
filter section. 

(7) The cover is plsced in the vasher and oriented in place 
over the speciaen, and a aap of the filter/grid/sereen 
arrangement Is made on the glass cover and in the 
logbook. 

* Foravar is s registered trsdemsrk of the Monssnto Compsny, 800 N. Lindbergh 
Blvd., St. Louis, Mo. 
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(8) Solvent (chloroform) is sdded perlodlcslly to maintain 
the level vithin the vasher until the filter is 
completely dissolved by the vlcklng setlon (24 to 48 h). 

(9) The tempereture in the room must remsin relstively 
constsnt to minimize condensstlon of solvent on the 
bottom of the eover and subsequent felling of solvent 
drops on the EM grid. Should dsy-nlght or other 
temperature differentials occur, solvent condensstlon on 
the under-surfsce of the cover csn be minimized by 
plsclng the Jaffe vasher st a slight tilt (three glsss 
slides under one edge of the Petri dish psrsllel to the 
row of grids) to allov the condensstlon drops to flov 
tovard the lover edge rather than fall on the EM grids. 
At temperstures lover than 20*C (68*F), the complete 
filter solution asy tske longer than 72 h. 

(10) After the polymer is completely dissolved, the stslnless 
steel aesh screen «rlth the EM grid is picked up vhile «fet 
snd set on lens paper tacked to the bottom of a sepsrste 
Petri dish. The EH grid is then lifted from and placed 
next to the screen to dry. Vhen all traces of eolvent 
hsve evsporsted, the grid Is stored in a grid box and 
Identified by location and grid box in the logbook. 

Figure A4 illustrstes the Jsffe vlck vssher aethod; Figure A5 shovs the 
vasher. The foam/filter combination is currently preferred, as is use of s 
closely fitted (by means of the ground-glsss sesl) Petri dish. 

Gold Coating— 
An additional step vill sld in subjectively evslusting the SAED pattem. 

This step is required for speciaens from the upper Greet Lskes srea and for 
those of unknovn origins. After the psrticulstes on the filter sre 
trsnsferred to the EM grid, the grid is held to a glass slide vith double 
stick tspe for gold-costing in the vscuum evsporstor. Seversl EM grids may be 
tsped to the glass slide for costing at one time. Approximately 10 nm of 
0.015-em-diameter (0.006-inch) pure gold vlre is plsced in a tungsten basket 
(10 cm from the rotating table holding the EM grids) and evaporated onto the 
grid. 

The thin gold-coating establishee en Intemsl stsndsrd for SAED analysis. 
For some mineral species, an Internal etandard vill clarify visusl identifica
tion of the pattem of a fibrous psrticulste as being or not being an amphi
bole species (for ezsmple, ainnesotaite as opposed to aaosite). Uith exper
ience, differentlstion In SAED pattems can be observed. For eaaples of knovn 
geogrsphie origins, gold-costing Is optionsl, since the additional coating 
hinders observstlon and Identification of eaall'-diaaeter chrysotile fibers. 

4. TBM BxaalnatloB and Data Collection 

lov Magnification Bxaalaatlon of Gride-
Figure A6 shovs s aodem TEM. The grid Is observed in the TEM at 

aagniflcations of 250X and lOOOX to determine its suitsbility for detailed 
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study st higher msgnlficstion. The grid is rejected snd s new grid used If: 
(1) the csrbon film over s majority of the grid openings is damaged and not 
Intact; (2) the specimen is'dark due to incomplete dissolution of the 
polycsrbonste filter; or (3) the psrticulste losding is too light (unless a 
blsnk) or too heavy vlth particle-particle interactions or overlsps. 

S M Analysis (Morphology aad SAED}— 
The folloving guidelines sre observed for consistency in the snslytlcal 

protocol: 

(1) Magnification at the fluorescent screen is determined by 
csllbrstlon vlth a diffraction-grating replica in the 
specimen holder. 

(2) A field of viev or "gste" Is defined. On some 
alcr.oscc^es, the centrsl rectangular portion of the 
fluorescent screen, vhich is lifted for photogrsphlc 
purposes, is convenient to use. On others, s scribed 
circle or the entire clrculsr screen asy be used ss the 
field of viev. The sres of the field of viev aust be 
accurately aeasursble. 

(3) The grid opening is selected on a random basis. 

(4) The analysis, aorphology, and SAED are perforaed at a 
tilt angle of 0°. 

(5) The recommended instrument settings are: accelerating 
voltage, 100 kV; beam current, 100 yA; film magnifi
cation, 20,000X (vhleh is equivelent to 16,000X on the 
fluorescent screen for this Instrument); and concentric 
circles of radii 1, 2, 3, and 4 cm on the fluorescent 
screen. 

(6) The grid opening is aessured at lOOOX. 

(7) Since asbestos fibers are found Isolsted ss veil as vith 
each other or vlth other particles In varying arrange-
aents, the fibrous psrticulstes are characterized as 
asbestos structjures: 

Fiber (F) Is s particle with an aspect rstlo of 3:1 or 
grester, with substantially parallel eides. 

Bundle (B) Is a particulate coaposed of fibers in a 
parallel arrangeaent, with eech fiber closer then the 
disaster of one fiber. 

Cluster (Cl) is a particulate with fibers In a random 
arrangement euch chat all fibers are Intermixed and no 
elngle fiber Is Isolsted from the group. 
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Matrix (M) is a fiber or fibers with one end free snd the 
other end embedded or hidden by s psrticulste. 

Comblnstlons of structures, such ss matrix and cluster, 
mstrlx snd bundle, or bundle snd cluster, sre cstegorized 
by the dominant fiber quality—cluster, bundle, or 
matrix. 

(8) Counting rules for single fibers sre: 

(s) Psrticulstes meeting the definition of fiber are 
isolsted by themselves. Vlth this definition, edge 
view of flskes, frsgments from clesvsge plsnes, and 
scrolls, for exsmple, msy be counted as fibers. 

(b) Count ss single entitles if sepsrstlon is equal to 
or greater than the diameter of a aingle fiber. 

(e Count as single entities if three ends can be seen. 

(d) Count ss single entities if four ends can be seen. 

(e) In genersl, fibers thst touch or cross sre counted 
separately. 

(f) Tvo or more fibers sre counted ss s bundle if the 
distances betveen fibers sre less thsn the dismeter 
of s single fiber, or if the ends cannot be 
resolved. 

(g) Fibrils sttsched longltudlnslly to a fiber are 
counted as psrt of the fiber snd the size (vldth) is 
estimsted based on the flber-to-flbril relstionshlp. 

(h) A fiber psrtlslly hidden by grid vires (one or tvo 
ends) is counted, but Isbeled as an X-flber. If the 
number of X-flbers is more than 20Z of the fibers 
Identified as asbestos, a larger-aesh EM grid should 
be used, such ss 100 mesh (sbout 200 ym vide). 

(9) Sizing rules for asbestos structures sre: 

(s) For fibers, vidths and lengths are obtained by 
orienting the fibers to the inscribed eircles on the 
fluorescent screen. Since estlmstes are vithin 
±1 wa, email-diameter fibers hsve grester asrgins of 
error. Fibers less thsn 1 am at the fluorescent 
screen asgniflcstion level are characterized as 
being 1 aa. A cylindrical shspe is assuaed for 
fibers. X-flbcrs are elzed by aeasurlng their 
entire visible portions in the grid opening. 

(b) Bundles and clusters are elzed by estlastlng their 
vidths and lengths. The eua of Individual diaaeters 
is used to obtain the total vldth, and an average 
length for the total length. A laalnar-eheet ehape 
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is assumed, vlth the sversge diameter of the 
individual fiber as the thickness. 

(c) Matrices are elzed by adding the best estimates of 
individual fiber components. A Isminsr or sheet 
structure is assumed for voluae calculation. 

(10) The aethod of sizing is BB follovs: 

(s) An asbestos structure is recognized, and its 
loestlon in the rectsngulsr "gste" relstlve to the 
sides, inscribed circles, and other particulates, is 
aemorlzed. 

(b) The structure is aoved to the center for SAED 
observstlon and sizing. 

(c) Siting is performed using the inscribed circles. If 
che structure, such as a fiber, extends beyond the 
rectsngulsr "gste" (field of viev). It is super-
laposed ecross the eerles of concentric cireles 
(several tlaes. If necesssry) until the entire 
Btructure Is aessured. 

(d) The structure Is retumed to its orlginsl loestlon 
by reesll of the loestlon, and scanning is 
continued. 

Figure A7 illustrstes some of the counting and aorphology guidelines used in 
determining ssbestos structures. 

TEM Procedure— 
The TEM procedure is as follovs: 

(1) EM grid quslity Is assessed at 250X. 

(2) Particulate loading is aasessed at lOOOX. 

(3) A grid opening Is selected et random, examined at lOOOX, 
and sized. 

(4) A series of parallel traverses is made across the grid 
opening ot the film aagnification of 20,000X. Starting 
at one comer, and using the tilting section of the 
fluorescent eereen ae a "gate" or "chute," tbe grid 
opening Is trsvereed. Moveaent through the "gste" Is not 
continuous, but rsther le a etop/go aotion. On reeehlng 
the end of one treverse, the lasge Is aoved the vldth of 
one "gste," and the traveree is revereed. Theee parallel 
traverses are aade until the entire grid opening has been 
ecanned. 

(5) Asbestos structures are identified aorphologleally and 
counted as they enter the "gste." 
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(6) The ssbestos structure is cstegorized ss fiber (vlth or 
vithout X-) bundle, cluster, or astrix, and sized through 
use of the inscribed circles. 

(7) The structure (indlvldusl fiber portion) is centered and 
focused, snd the SAED psttem is obtsined through use of 
the field-limiting sperture. 

(s) SAED pattems from single fibers of ssbestos 
ainerals fsll into distinct groups. The chrysotile 
ssbestos psttem has chsrseterlstlc stresks on Isyer 
lines other than the central line, and eoae 
stresking slso on the centrsl line. Spots of normal 
shsrpness sre present on the central layer line and 
on altemate lines (thst is, 2nd, 4th ete.) The 
repest distsnce betveen Isyer lines is about 
0.̂ 53 nm. 

(b) Amphibole asbestos fiber psttems shov layer lines 
formed by very closely spsced dots, and have repeat 
dlstsnees betveen Isyer lines also of about 
0.53 nm. Streaking in layer lines is oeesslonally 
present due to crystal structure defects. 

(c) Trsnsmlsslon electron aierogrsphs snd SAED psttems 
obtained vith asbestos stsndsrd ssmples should be 
used ss guides to fiber identificstion. An example 
is the "Asbestos Fiber Atlss" (Mueller et al., 

• 1975). 

(8) From visusl exsminstion of the SAED pattem, the 
structure is cisssified ss belonging to one of four 
cstegorles: (1) chrysotile, '2) amphibole group 
(Includes smosite, crocidolite, anthophyllite, tremolite, 
and actinolite), (3) ambiguous (incomplete spot 
psttems), or (4) no Identificstion. SAED psttems 
csnnot be inspected for some fibers. Ressons for the 
absence of a recognizable diffraction pattem inelude 
contamination of the fiber, interference from nearby 
particles, fibers thst sre too smsll or too thick, and 
nonsultsble orientstlon of the fiber. Soae chrysotile 
fibers are destroyed in the electron beem, resulting in 
psttems thst fsde avay vithin. seconds of being formed. 
Some psttems are very faint and can be oeen only under 
the binocular aicroecope. In general, the ehortest 
available caaera length aust be ueed, and the objective 
lens current asy need to be adjusted to give optiaum 
pattem visibility for correct Identificstion. A 20-cm 
caaera length and a lOX binocular are recoamended for 
Inspecting the SAED pattem oa the tilted eereen. 
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(9) Additional grid openings sre selected, sesnned. snd 
counted until either the totsl number of structures 
counted exceeds 100 per knovn area or a minimun of 10 
grid openings hss been sesnned, vhlchever is first. 

(10) The TEM dsts should be recorded In a systeo«tlc form so 
thst it csn be processed rspldly. Sample information. 
Instrument psrameters, and the sequence of operstions 
should be tsbulsted for esse in dsts reduction snd 
subsequent reporting of results. Figure A8 shovs sn 
exsmple of a data sheet used in Level I analysis. 

Figure A9 Illustrates the aethod of sesnnlng s full-grid opening. The 
"field of viev" aethod of counting previously included in the provisionsl 
aethodology, vhich is bssed on rsndomly selected fields of view, hss been 
discontinued. Originslly, the aethod vas recoamended for medium loading level 
on the filter (50 to 300 fibers per grid opening). Hovever, if ssmples sre 
collected st three different losding levels snd the optiinun is selected, this 
medium losding on the filter vill not be used. Ssaples irlth grid openings 
containing 50 to 300 fibers aay be used as Isboratory fiber preparations or 
selected source ssaples, but in field samples the psrticulste losding is 
usually of auch higher concentration than the fiber. Filter loading is 
chsracterlzed by the particulste concentrstion, not by fiber concentrstion. 

5. Dsts Reduction and leporting of Results 

Snta BeductloB— 
Fron the dsts sheet, size aessurements are converted to microns (16,000X ' 

screen aagnificstion}, aass of asbestos structure is esleulsted, and other 
chsrscterlzlng psrsmeters are calculated through use of s bsnd cslculstor or 
computer. (Appendix B, an example of a conputer printout from Level I 
analysis, shovs reduced dsts—thst is, vhst vss found on the specified number 
of grid openings or area exasilned.} These messurements sre sunmsrized snd 
relsted to the voluae of air ssmpled and the total effective filtration area 
(area of deposit). Size aessureaents of X-fibers asy be doubled and noted, or 
kept as a eeparate category. 

Fiber number concentration is calculated from the equation 

-.. , , Total no. of fibers 
Fibe«/a3 - fa,, of Eri fields 

Totsl effective filter »res. em^ 
* Ares of an EN field, cm^ 

Volume of air ssmpled, m^ 

The number of X-fibers, bundles, clusters, and matrices are calculated in a 
eimllar manner. X-fibers asy be Included vlth fibers if they are fev in 
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number. Similarly, their corresponding mass (from their size measurements) 
may be included. 

Fiber mass for each type of ssbestos (chrysotile or smphibole) in the 
sanple is calculated by assuming that both chrysotiles and amphiboles have 
clrculsr cross-sections (cylindrical shape) and that the vldth aeasurements 
sre one diameter. The density of chrysotile is assumed to be 2.6 g/cm^, and 
of smphlboles to be 3.0 g/cm3. The indlvldusl mass is calculated from the 
equation 

Mass, yg " T ' (length, ym) x (dismeter, ym)2 

X (density, g/cm3} x lO"* 

The totsl mass foncentrstion of fibers for esch type of asbestos is then 
esleulsted from the total aass of all the individual fibers of thst type. 

The indlvldusl aasses of bundles, clusters, and aatrices sre esleulsted 
by sssuming a laminar or sheet-like structure vlth an average thickness of the 
fiber mske-up of the structure. Agsin, the density of chrysotile is sssumed 
to be 2.6 g/cm3, and of amphiboles to be 3.0 g/em3. The individual aasses sre 
esleulsted from the equstion 

Mass, yg • (length, ym) x (vldth, ym) x (thickness, ym) 

z (density, g/cm'} x lO"^ 

The total mass for esch type of structure for eseh type of asbestos Is the sun 
of sil the individual aasses. 

Other characterizing psrsaeters of the asbestos structures are: (1) 
length and vldth distribution of fibers, (2) sspect rstlo distribution of 
fibers, and (3) relationships of fibers, bundles, clusters, and aatrices. 

Reporting of Beeults—> 
The dsts in their acquired and reduced foras are reported as suamarized, 

or, depending on the purpose of the analysis, are further reduced to present 
the interrelstionships of the vsrlous characterizing paraaeters. Agsin, the 
Level I aethodology is s aonitoring or screening technique, and its limits
tions, such as the possibility of "false positives" and aisidentificstion, 
should be noted. 

6. Quality Control/Qaallty Aaearnnee 

Sampling procedures vill vary depending on the type of eample, objectives 
of the sampling, and time/cost fsctors. The primsry goals of eampling are to 
obtain a representative ssaple at the location and tlae of eeapllng, and to 
aalntaln eaaple Integrity. The eaapllng teaa vill have vritten eeapllng 
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procedures, and the field chief and/or designated individual «rlll be 
responsible for all record-keeping (including ssmple identificstion, labeling, 
logging of data, site description, snd meteorological conditions), pre- end 
post-collection checks, and continuous aample custody and sign-outs until the 
ssnple is delivered to the Isborstory snd trsnsferred to the appropriate 
quality assurance officer (QAO). Verlfiestlon of ssnpling times, flow rstes, 
equipment cslibratlon, and taking of field blanks vill be checked and recorded 
in the field logbook. 

Samples are tumed over to the QAO for logging into a project logbook. 
Each ssmple is csrefully examined for gross festures, such as tesrs, bresks, 
and overall condition of container. The QAO registers the as-received sample 
number and other deslgnsted informetion, and assigns s simple intemsl code 
number thst vill accompany the sample through the preparation stsge, grid 
trsnsfer, grid analysis, dsts reduction, and reporting of results. 

After being logged into the project logbook, the ssmple is trsnsferred to 
the custody of the electron alcroscopy stsff, vhere every precsutlon is tsken 
to maintain ssnple integrity snd to prevent contsminstion snd loss of 
collected psrticulstes. During storsge and transport, the filters in their 
respective holders are aaintained in a horizontal position at all tlaes. 

The ssmple logging, handling, and etoring procedures ensure thst sil 
ssmples csn be resdlly locsted and Identified throughout the course of s 
program. The QAO has divislonsl responsibility for QC/()A activities, snd must 
see thst the Isborstory maintains high stsndsrds. He aust be avsre of current 
standards of analysis, and aust ensure thst Intemsl quslity control 
stsndsrds, instrument cslibrstion, snd records of ssmples and completed 
analyses sre kept for esse of Ister retrieval and use. 

For quality control, Intemal Isborstory blanks are analyzed at least 
once a veek, vhich may or may not coincide vith a ssmple bstch blank. In 
addition, a magnification calibration of the EM using a carbon grating replica 
(2,160 lines per am) is performed once a veek. The results are recorded in an 
EM instrument log, along vlth other routine Instrumental performance checks. 
All photographs, TEM, SEM, and STEM Images are recorded in a photo log. These 
QC results sre documented for Inspection by the QAO. 
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SECTION 5 

LEVEL II AHALYSIS 

SDlttARY OP PROTOCOL 

Level II analysis is s regulstory technique consisting of Level I 
snslysls plus chemical elemental analysis. Morphology, size, SAED psttem, 
snd chemical analysis sre obtsined sequentislly. By a process of eliminstion, 
mineral fibers sre identified ss ehrysotile, smphibole, ambiguous, or "no-
identity" by aorphology snd SAED pattem. X-ray elemental analysis is used to 
cstegorlze the smphibole fibers. Identify the ambiguous fibers, and confirm or 
validate chrysotile fibers. 

Level II analysis Is eunasrized as follovs; 

(1) A knovn volume of air is psssed through s polycsrbonste 
aembrane filter (pore diameter, 0.4 ym; filter diameter, 
37 or 47 am) to obtain approximately 5 to 10 yg of 
particulates per cm2 of filter surface. 

(2) The partieulate-laden filter is trsnsported in its ovn 
filter holder. 

(3) The filter is carbon-eosted in the holder. 

(4) The psrticulstes are transferred to an EM grid using s 
refined Jsffe vlck vasher. 

(5) The EM grid, conteining the particulates, is gold-coated 
lightly. 

(6) The EM grid is examined under lov magnification (250X to 
lOOOX) folloved by high-aagnification (16,000X on the 
fluorescent screen) eesreh and analysis. 

(7) A knovn area (aeaeured grid opening) is sesnned, and the 
fibrous structures (fibers, bundles, clusters, and 
aatrices) are counted, sized, and identified as to 
asbestos type (chrysotile, aaphibole, aabiguous, or no 
identity) by aorphology and by observing the SAED psttem; 
and finally by eleaental analysis using EDS. 

(8) The observstlons are recorded—a alniatim of 100 fibrous 
structures or 10 grid openings, vhlchever is first. 

(9) The dsts are reduced and the results reported. 
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EQUIPMENT, FACILITIES, ARD SUPPLIES 

The folloving items sre required for Level I analysis: 

(1) A modem 100-kV TEM equipped vlth an EDS. A sesnnlng 
accessory as found in a STDl vill Increase the versstility 
snd anslyticsl cspsbllity for very small fibers and for 
fibers adjacent to other particulate astter. The 
aicroscope should be equipped vlth the fluorescent vievlng 
screen inscribed vlth graduation of knovn radii to 
estimate the length and vidth of fibrous psrticulstes. 

(2) A vacuum evaporator vlth a turntable for rotating 
specimens during costing, for such uses ss csrbon-costing 
polycsrbonste filters, gold-costing EM grids, and 
preparing carbon-coated EM grids. 

« 
(3) An EM prepsration room adjacent to the room housing the 

EM. This room should either be s clesn-room fsclllty, or 
contsln s Ismlnsr-flov clsss-lOO clean bench to minimize 
contanination dulng EM grid preparation. Filter handling 
and transfer to EM grids should be performed in s clesn 
stmosphere. Lsborstory blsnks should be prepared and 
analyzed veekly to ensure quality of vork. 

(4) Several refined Jaffe vlck vashers for dissolving membrsne 
filters. 

(5) Mlscellsneous EM supplies snd chemlcsls, including csrbon-
eosted 200-ae8h copper grids, grid boxes, and chloroform. 

(6) Ssnple collection equipment. Including 37-am-diameter or 
47-nD-dlameter filter bolders, 0.4-ym (pore size) 
polycsrbonste filters, 5.0-ym (pore size) cellulose ester 
membrsne filters for bsck-up, a ssmpling pump vlth 
ancillary equipment, a tripod, critical orifices or flov 
meters, and a rain/fflnd shield. 

USCRIPTIOH OF METHODOLOGY 

I. Type ef Saaples-Source 

This protocol is an expansion of the aethod originslly developed for the 
EPA for aeasurlng airbome asbestos (Ssaudrs et sl., 1977; Saaudrs et sl., 
1978). A brosd interpretstion of airbome has been to apply the term to 
eamples obtsined from ambient air (the original purpose), aerosolized source 
asterials (sueh as the asbestos vorkplsce environae;nt, and fugitive dust 
emissions), bulk-air aaterial (eueh as totsl suspended psrticulste (TSP) 
ssmples, dust, and povders) and any other type of eaaple obtained by nonre
strietlve use of (1) collection of a voluae of air, (2) separation from the 
air, and (3) concentration of the particulates onto a substrate. Tbe airborne 
protocol has slso been spplled to ssmples collected in the regulstory sress of 
the EPA, ss compsred vlth, for exsmple, the vorkplsce environment (Nstionsi 
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Institute of Occupational Safety and Health), mining activities (U.S. Bureau 
of Mines), and shipboard atmosphere (FedersI Msritime Adminlstrstion). 

The present methodology hss been optimized for sppllcstlon specifically 
to sanples collected from a volume of air in vhich the asbestos concentrstion 
is considered s minor component of the totsl psrticulste losding (other snaly
tlcal methods are available for ssmples knovn to contsln high concentrstlons 
of ssbestos); snd in vhleh the particles sre less thsn 15 \Si in diameter, 
since particles greater than 15 ym either sre not inhaled or are deposited in 
the upper respiratory tract and expelled, and preferably less thsn 10 ym in 
dianeter as recommended by the Clean Air Seientlfle Advisory Committee 
(Hlleman, 1981), since psrtlcles up to 10 ym csn be sbsorbed by the slveolar 
region of the lung. These concentrstion and alze restrictions vill preclude 
many air ssmples collected in an asbestos-processing environment snd in bulk-
sir material from the complete methodology. Hovever, such samples can still 
be examined vlth the TEM, vithin the limitations of the instrument by ehsnges 
in preparation techniques—provided the effects on the finsl results, such ss 
fractionation of size and representstlveness of the ssmple, are carefully 
considered. 

2. Sample Collection and Transport 

Saaple Collection—' 
Sanpling procedures vary depending on the nature of the ssmple, purpose 

of collection, analytical method to be used, ssmple substrste, and time and 
cost of sample collection relative to the total anslyticsl effort. Neverthe
less, the primary objective of ssmple collection slvsys is to obtain a 
representative, unbiased ssmple. 

Implngers, impsction devices, electroststle preeipitstors, and thermal 
precipitators have been used in ssmple collection, but eseh has limitstions. 
Presently, the preferred substrstes are aembrane filters, vhich are asnufse
cured from different polymeric asterisls. Including polycarbonate, alxed 
esters of cellulose, polystyrene, cellulose acetate, and cellulose nltrste. 
Polycarbonate aembrane filters differ froa the others in being thin, strong, 
and smooth-surfaced, and in having sieve-like construction (clrculsr pores 
fron top surfsee to the bottom). The other membrsne filters are thicker, have 
irregular-surfsees, and have depth-filter construction (tortuous psths from 
top surfsee to bottom). 

Consequently, polycsrbonste filters have been selected for airbome 
asbestos analysis. The collection of emsll-sized psrtlcles (prefer less thsn 
10 ym in dismeter), the light losding of psrticulstes, the uniform distribu
tion of psrticulstes attainable using a depth-type backing filter, the saooth 
surfsee and circular holes (vhich aid In deteraining size and Instruaent tilt 
axis), and the relative ease In grid transfer (thin and strong) ainiaize 
dissdvsntsges of Isck of retention and/or aoveaent of large particles during 
handling. Other aembrane materials, such as the cellulose eeter type, are 
recommended for phase contrast and PLM, heavy particle loadings, and physicsl 
retention of large particles. 
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In mieroscopicsl analysis, uniformity of pBrtleulste distribution snd 
loading is criticsl to success. Air ssmples sre tsken on 37*«im-dlsmeter or 
47-am-dlsmeter, 0.4-ym (pore size) polyesrbonate aembrane filters using the 
shiny, smooth side ss the pBrtlele-espture surfsee. Cellulose ester-type 
menbrane filters (pore size, 5.0 ym) sre used to support the polyesrbonate 
filter on the support psd (37'<mB-dismeter personal sampler} or on the support 
piste (47-Bm-dlsmeter holder}. 

Air aonitoring csssettes (37-am-dlameter) of three-piece construction are 
available from several aanufacturers. As vlth the 47^nm-dlBmeter filters, 
loading the cassettes vlth the support psd, bsck-up filter, and 0.4 ym (pore 
size} polycsrbonste filter should be csrefully performed on s clsss-lOO clean 
bench. Since the filters are held in place by pressure fit rsther thsn by 
screw tightening, air aust not enter from the sides of the unit; a plastic 
bsnd or tspe (vhich can double as s label) ahould be used as s finsl seal. 

Collecting airbome ssmples vith proper losding requires experience. 
Each of the follo%rlng techniques is useful in collecting slrbome ssmples for 
direct microscopy, preserving representstlve sizes, vithout diluting 
psrticulste deposits: 

(1) For long-term ssmpling st s site, test ssmples should be 
retumed to the Isboratory by express asll service, or sir 
express service or by being hsnd-csrrled, and should then 
be analyzed by aeannlng electron alcroscopy. 

(2) The estiasted psrticulate loading (deposit is bsrely 
visible to the nsked eye) should be brscketed by varying 
the filtration rate and using the ssme time, or by vsrying 
the time and using the ssme flltrstion rste. 

(3) An automatic particle counter, such as a llght-scsttaring 
instrument (0.3-ym detection) or s resl-tlme msss monitor 
(0.1-ym detection), should be used to obtsln an 
approximate particulate-loading level of the area. 

Although any one of the three techniques vill work, the suggested 
technique is to take the samples as a set, varying the saapling rates and 
using the ssme time so as to obtsln filter samples vlth different particulate 
loadings. Esch set is composed of a ainiaum of four 37-am-diameter or Al -^m-
diameter filter units-three for different pBrtleulste loadings (lov, aediun, 
high), and the fourth for a field blank. Suggested saapling rates are 0 for 
the field blank, 2.48 L/ain for the lov loading, 7.45 L/aln for the aediun, 
and 17.62 L/aln for the high, for a 30 ain asapling period using B 47*mm-
dlameter filter holder. Simultaneous ssmpling vill provide at least one 
ssmple vith a particulate loading suitsble for direct EM analysis. 

TSP's range from 10 yg/m' in remote, nonurban areas, to 60 yg/m' in near-
urban areas, to 220 yg/a' In urban areas. However, for heavily polluted 
areas, TSP levels asy resch 2000 yg/m'. A losding of 5 to 10 yg per cm2 of 
filter Is adequate for EM analysis; values beyond 20 to 25 yg per em2 require 
a dilution treatment. As an example, for 47-mm^iameter filters at face 
velocities of 3.0 cm/s (2.48 L/min), 9.0 cm/s (7.45 L/aln), and 21.2 cm/s 
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(17.62 L/mln), respectively, sir volumes of 74.4 L, 223.5 L, and 528.6 L are 
sampled in 30 aln. For a TSP level of 200 yg/m', 14.88 yg (1.07 yg/cm?), 
44.7 yg (3.23 yg/cm2}, and 105.7 yg (7.63 yg/cm^), respectively, vould be 
collected on 47-ian-dlsmeter filters (vhich vould have effective filtration 
areas of 13.85 cm^}. The ssmpling time could be incressed to 60 min for areas 
having lover TSP levels, or reduced in s heavily polluted sres (source 
emissions). 

Airbome ssmples from emission sources contsln cosrse psrtlcles (above 
the respirsble size) of Isrge mstrlx structures, binder asterisls, rosd dust, 
clay ainerals, fillers, and other aaterlals. For these ssaples, a fifth 
filter unit ean be added that has a size-selective inlet (cyclone, lapsctor, 
or elutrlstor) attached prior to the filter tmit. The flov pattem and flow 
rates of the tandem saapling arrangement aust be checked before use. A 
satisfactory, tested comblnstion presently used in Callfomls is s cyclone-
filter unit vlth B D50 cut-off of 2.5 ym Bt 21.7 L/mln, and a D50 cut-off of 
3.5 ym at 15.4 L/mln (John and Relschl, 1980). Addltionsl ssmpling devices, 
such as implngers (used in biological ssmpling), Impsctors, and other 
deslgnsted filter units (for TSP, XRD, or x-rsy fluorescence (XRF), for 
exsmple) ean be added to the system to obtsln supplementsry as veil as inter
related data. 

This expsndsble multifliter ssmpling unit, deslgnsted Rydrs, offers the 
folloving Bdvantages: 

(1) It is smsll, inexpensive, snd compset, so thst an adult 
ean easily hsndle it. 

(2) It is efficiently designed, and includes s tripod, 
ssmpling pump, manifold, critical orifices, and a rov of 
preloaded 37-Ba-diameter or 47-em-dl8meter filter 
holders. A raln/vlnd shield, size-selective cyclone-
filter units, tubing, and other extras can be added as 
needed. 

(3) Its sample preparation steps and handling are ainiaized. 

(4) It allovs coapleaentsry ss veil as suppleaentsry analysis 
(TSP, size frsctionstlon, bscteris, and XRF, for example), 
although additional air aampling capacity is required. 

(5) It acconaodates aabient air and eouree caisslon saaples, 
vith or vithout a size-eelective inlet. 

(6) It allovs synchronous saapling in seversl pisces in the 
vicinity folloving the ssae ssapling procedure, thereby 
ecconnodsting particulate concentration fluctuations. 

(7) It Includes filter holders thst serve as transport and 
storage units. 

Hydrs's dissdvsntsges am a short ssapling period, vhleh aay catch an episode; 
a sasll ssmpling quantity or volume, whieh aay not indicate the presence of 
asbestos fibers; and a detection liait of 2 x IO** fibers/a' for eeapllng 1 m3 
of air with the 47-am-diemeter filter. 
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Using 8 inch x 10 inch, or 102-am-dlameter filter eizes, is not recon
mended. The sampling units sre designed for purposes other than microscopy. 
Interchanging the type of ssmple substrste filter (glsss fiber or psper to 
polycarbonate) does not correct the inherent problems of filter size snd 
sanpling unit. 

Saaple Storsge and Transport-
Once the ssnple is scqulred, its integrity must be assured, and contani

nation and loss of fibers prevented, until it is exsmlned under the EM. The 
lov cost and small size of the 37-am-dismeter and 47^im-diameter filter 
holders enables them to be used as comblnstion storsge and transport con-
tsiners. The filter holders should be msintained in a horizontal position 
during storsge snd trsnsport to the Isborstory so thst the psrticulste-losded 
filters ean be removed under optimally controlled conditions in the Isbors
tory. 

For 47-an-dlsmeter holders (open-fsce) to be used in trsnsport or 
storage, the screw esp is csrefully removed, and tbe shiny, waxy, stiff 
separator paper used to keep the polycsrbonste filters apart is csrefully 
placed on the retaining ring. The cap is then csrefully screwed bsck on so 
that the separator paper sesls snd protects the psrticulste-losded filter 
vithout touching it. The 37-am-dismeter, three-piece filter holder (eerosol 
monitor) is used in its open-fsce position, and capped after ussge for 
trsnsport snd storsge. 

Vhen the more expensive 47^m-dismeter holder is to be reused imnedl-
stely, the partleulate-loaded filter should be csrefully removed and placed lnl 
a 47-mm-dlsmeter Petrl-sllde (such as thst aanufsetured by the Millipore 
Corp.*). This trsnsfer tskes plsee in the field rsther thsn in the Isbors
tory, so that the Petrl-sllde should be tsken into the field. The 37-am-
dlaneter filter holder or the 47-am-dlameter holder/Petri-slide should be 
secured snd sil necesssry ssmple Identificstion asrks and symbols applied to 
the holder. 

3. Sample Preparation for Aaalysle—^rid Transfer 

Carbon-Coating the Filter— 
The polycarbonate filter, vlth the ssmple deposit and suitsble blsnks, 

should be costed vlth csrbon as soon as possible sfter sampling is 
completed. To begin this procedure, the partleulate-loaded 47-am-diameter 
polycsrbonste filter is removed from the holder and transferred csrefully to 
an open-faced 47-am-diameter Petrl-sllde for csrbon-costing In the vscuum 
cvsporator (see Figure Al, Appendix A ) . If the 47^nB-diameter filter is 
already in the Petrl-sllde, the eover Is replsced vlth an open-face cover, 
minimizing filter disruption. The 37-am-dismeter filter is left in the 
holder, but the upper lid is removed to creste sn open-faced filter. The 
open-faced holders are placed on the rotating turntable In the vacuum 
evaporator for carbon-coating. Figure A2 shovs the multiple-costing 

* Millipore Corp., 80-T Ashby Rd., Bedford, Mass. 01730 
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arrangement in the evaporator; Figure A3 shovs s close-up of the 37-IBB-
dlameter and the modified 47^BB-dl8meter holders for carbon-coating. 

For archival filters and those of Isrger sizes, portions of about 2.5 cn 
X 2.5 cm should be eut mldvsy betveen the center snd edge using a eealpel. 
The portions are then attached vlth cellophane tape to a clean glass 
microscope slide and placed on the turntable in the vacuum evaporator for 
coating. 

Any high-vacuum carbon evaporator may be used to carbon-coat the filters 
(CAUTION: carbon eputterlng devices should not be ueed). Typicslly, the 
electrodes are adjusted to a height of 10 cm above the level of the filters. 
A spectrogrsphleslly pure csrbon electrode ehsrpened to a neck of 0.1 cm x 
0.5 cm is used as the evsporsting electrode. The ehsrpened electrode is 
placed in its sprlng-losded holder so thst the neck rests sgsinst the fist 
surface of a second csrbon electrode. 

The manufacturer'a Instructions should be folloved to obtsln s vscuum of 
about 1.33 X 10"' Pa (1 x 10'^ torr) In the bell jar of the evaporator. Vlth 
the turntable in aotion, the neck of the carbon electrode is evsporsted by 
incresslng the electrode current to about 15 A in 10 a, folloved by 20 to 25 A 
for 25 to 30 e. If the turntable is not used during csrbon evsporstlon, the 
psrticulste astter aey not be costed froa sil sides, reeulting in an undesir
able shsdoving effect. The evsporstlon should proceed In e eerles of short 
bursts until the neck of the electrode is constueed. Continuous prolonged 
evsporstlon should be svolded, since overheating and consequent degrsdstlon of 
the polycsrbonste filter asy occur, lapedlng the subsequent step of dissolving 
the filter. The evsporstlon process asy be observed by vle%ring the arc 
through velders goggles (CAUTION: never look at the are vithout appropriate 
eye protection). Preliainary calculations shov thst a carbon neck of 5 nn' 
volume, vhen evaporated over a epherical eurface 10 cm in radius, vill yield s 
csrbon Isyer that is 40 nm thick. 

Folloving carbon-coating, the vaeutim chamber is slovly retumed to 
ambient pressure, and the filters are removed and placed in their respective 
holders or in clesn, asrked Petri dishes for storsge on a clean bench. 

Ttanafer of tbe Saaple to the BM Grid— 
Transferring the collected particulates froa the csrbon-eosted polyesr

bonate filter to an EM grid Is aceoapllehed in a clean rooa or on a class-100 
clean bench. The transfer le aade in a Jaffe vlck washer, whleh is usually a 
glass Petri dish containing a substrate to eupport the EM grid/carbon-coated 
aeabrane filter eoabination. Solvent Is added to a level to just wet the 
coabination and eauee gentle dleeolutlon of the aeabrane with alnlaua loss or 
dislocation of the particulates, resulting In a aeabrane-free EN grid with 
particlee eabedded In the cerbon fila coating. The eubstrste support can be 
stsinlees steel.aeeh bridgee, filter papere, urethane foaas, or coablnstions 
of these. 
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The refined Jsffe wick washer is described ss follovs: 

(1) The glsss Petri dish (diaaeter, 10 cm; height, 1.5 cm) is 
aade airtight by grinding the top edge of the bottoa dish 
vlth the bottom of the cover dish, vlth vster and 
Carborundum* povder (80 mesh); this crestes s ground-
glsss sesl (closer fit) snd minimizes the need to refill 
the Petri dish vlth added solvent. (The ususl glsss 
Petri dish vss found not to retsln the solvent for long 
periods of time, snd unless the vlcklng substrste is kept 
continuously vet, poor solubility of the membrsne filter 
results, lesdlng to s poor-quslity EM grid). 

(2) A comblnstion of fosm and e elngle eheet of 9-cm filter 
paper is used as the substrste support. A 3-em x 3-em x 
0.6-cm piece of polyurethsne fosm (the peeking in 
Polsroid film boxes) is cut and placed in the bottom 
dish. A 0.5-ineh V-shsped notch is cut into the filter 
paper; the notch is oriented in line vith the side of the 
fosm, cresting a veil for eddlng eolvent. 
Spectrographie-grade chloroform (eolvent) Is poured into 
the Petri dish through che notch until It is level vlth 
the top of the foam (also level vlth the paper). The 
foam vill avail, and care is needed to avoid adding 
solvent above the filter paper. 

(3) On top of the filter paper, pieces of 100-nesh stslnless 
steel screen (0.6 cm x 0.6 cm) sre plsced, ususlly in tvo 
rovs, to mske several grid transfers st one tiae (for 
sueh uses as replicas), and to facilitate aslntensnce of 
proper identity of esch transfer. 

(4) A 3-am eection (ususlly aldvsy betveen the center end 
edge) of the csrbon-eosted polycsrbonste filter is cut in 
s rocking aotion vlth s seslpel. The section asy be s 
squsre, rectsngle, or trisngle, and ehould just cover the 
3-am EM grid. 

(5) A eection Is Isid csrbon-slde dovn on a 200-mesh csrbon-
coated EM grid. (Altematively, Formvar-eostedt grids or 
uncosted EM grids asy be used. Here, the csrbon costing 
on the polycsrbonste filter foras the grid substrste.) 
Minor overlsp or underlsp of the grid by the filter 
section can be tolerated, eince only the central 2-nm 
portion of the grid le ecanned In the aicroecope. The EM 
grid and filter coabination le picked up et the edges 
vith the tveezers end csrefully Isid on the dsmp lOO-aesh 

i-

* Csrborundum is e registered trademark of the Cerborundum (k>.. Carborundum 
Center, Riagara Falls, N.Y. 14302. 

t Formvsr is a registered trsdemsrk of the Monssnto Compsny, 800 N. Lindbergh 
Blvd., St. Louis, Mo. 
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stainless steel screen. The EM grid-filter comblnstion 
will immedletely "vet out" and remain on the screen. 

(6) Once sil specimens sre plsced in the vssher, aore solvent 
is csrefully added through the notch to aalntaln the 
liquid level so thst it just touches the top of the paper 
filter. Raising the solvent level sny higher asy flost 
the EM grid off the aesh or displace the polycarbonate 
filter section. 

(7) The cover is plsced in the vasher and oriented In place 
over the speciaen, and a aap of the filter/grid/screen 
arrangeaent is aade on the glass cover and in the 
logbook. 

(8) Solvent (chloroform) Is added periodically to aalntaln 
the level vithin the vasher until the filter is 
completely dissolved by the vlcklng action (24 to 48 b). 

(9) The temperature in the room must remain relatively 
constsnt to minimize condensstlon of solvent on the 
bottom of the cover and subsequent falling of solvent 
drops on the EM grid. Should dsy-nlght or other 
tempereture differentials occur, eolvent condensstlon on 
the under-surfsce of the cover csn be ainiaized by 
plsclng the Jsffe vssher at a elight tilt (three glass 
slides under one edge of the Petri dish parallel to the 
rov. of grids) to sllov the condensstlon drops to flov 
tovard the lower edge rsther than fall on the EM grids. 
At temperstures lover than 20*C (68'F), the complete 
filter aolution msy take longer than 72 h. 

(10) After the polymer is completely dissolved, the stainless 
steel aesh screen vith the EM grid is picked up vhile vet 
and set on lens psper tseked to the bottom of a eeparate 
Petri dish. The EM grid is then lifted from snd placed 
next to the screen to dry. Vhen all traces of solvent 
have evaporated, the grid is stored In s grid box and 
identified by location and grid box in the logbook. 

Figure A4 Illustrstes the Jsffe vlck washer aethod; Figure A5 ehovs the 
vasher. The fosm/fliter comblnstion Is currently preferred, as is use of a 
closely fitted (by aesns of the ground-glass sesl) Petri dish. 

Gold Coating— 
An additional step vill aid In eubjectively evaluating the SAED pattem. 

This step is required for epeelnene fron the upper Grest Laties area end for 
those of unknovn origins. After the psrticulstes on the filter ere trsns
ferred to the EM grid, the grid ie held to e glsss elide vith double-stick 
tspe for gold-costing in the vscuua evsporstor. Seversl EM grids aay be taped 
to the glass slide vith double-stick tape for gold-coating In the vacuum evap
orator. For comparieon, one-half of the EM grids asy be coated and the other 
one-half not coated; recognition of the gold-eoetlng le helpful In eearching 
and x-ray analysis. Seversl EM grids asy be taped to che glees slide for 
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coating at one time. Approximately 10 on of 0.015-cm-dlameter (0.006-inch) 
pure gold vlre is placed in a tungsten basket (10 cm from the rotstlng table 
holding the EM grids) and evaporated onto the grid. 

The thin gold-coating cstsbllshes an Intemal etandard for SAS) analysis. 
For some mineral species, an intemal stsndsrd vill clsrify visusl identifi
cstion of the psttem of s fibrous psrticulste as being or not being sn 
amphibole species (for example, minnesotsite as opposed to amosite). Vlth 
experience, differentlstion in SAED psttems csn be observed. For ssmples of 
known geogrsphie origins, gold-costing is optionsl, since the additional 
coating hinders observstlon and Identification of email-diameter chrysotile 
fibers. 

4. TEM Examination and Data Collection 

Figure AIO shovs s aodem TEM vith cspsbilities for elementsl snalysis 
vlth an EDS. The grid is observed in the TEM at aagnifications of 250X and 
lOOOX to determine its suitsbility for detsiled study at higher Bagnlfics
tlon. The grid is rejected and a nev grid used if: (1) the csrbon film over 
s majority of the grid openings is dsmsged and not Intact; (2) the epecimen is 
dark due to incomplete dissolution of the polycsrbonste filter; or (3) the 
particulate loading is too light (unless a blank) or too heavy vlth particle-
particle interactions or overlsps. 

TEM Aaalyaie (Morphology, SAED, and Z-lay Aaalyele)— 
The folloving guidelines sre observed for consistency in the snslytlcal 

protocol: 

(1) Magnification at the fluorescent screen is determined by 
csllbrstlon vlth s diffrsction-grsting replies in the 
specimen holder. 

(2) A field of viev or "gste" Is defined. On some 
aicroseopes, the centrsl rectangular portion of the 
fluorescent screen, vhich is lifted for photogrsphlc 
purposes^ is convenient to use. On others, a seribed 
circle or the entire circular eereen aay be used as the 
field of viev. The sres of the field of viev aust be 
accurately aeasursble. 

(3) The grid opening is selected on a randoa basis. 

(4) The analysis, aorphology, and SAED are perforaed at a 
tilt angle of 0*. 

(5) The recoamended Instrument settings are: eeeeleratlng 
voltage, 100 kV; beam current, 100 yA; film aagnif1-
eatlon, 20,000X (vhleh is equivelent to 16,000X on the 
fluorescent eereen for this Insttuaent); and concentric 
cireles of rsdll 1, 2, 3, and 4 ca on the fluorescent 
screen. 
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(6) The grid opening is measured at lov magnification (about 
lOOOX). 

(7) Since asbestos fibers sre found Isolsted ss i#ell as vlth 
esch other or vlth other psrtlcles in vsrying srrsnge-
ments, the fibrous psrticulstes sre characterized ss 
asbestos structures: 

Fiber (F) is s psrtlele vith sn sspect rstlo of 3:1 or 
greater vlth substsntlslly psrsllel sides. 

Bundle (B) Is s psrticulste composed of fibers in s 
parallel arrangement, vith each fiber closer than the 
diameter of one fiber. 

Cluster (Cl) is s psrticulste vith fibers in s rsndom 
srrangement sueh thst sil fibers sre intermixed and no 
single fiber is isolsted from the group. 

Matrix is s fiber or fibers vlth one end free snd the 
other end embedded or hidden by s psrticulste. 

Comblnstlons of structures, such as mstrlx and cluster, 
astrix and bundle, or bundle and cluster, are categorized 
by the doainant fiber quality—cluster, bundle, and 
aatrix. 

(6) Counting rules for single fibers, vhleh sre lllustrsted 
in Figure A7 sre ss follovs: 

(s) Psrticulstes aeetlng the definition of fiber sre 
isolsted by themselves. Vlth this definition, edge 
viev of flskes, frsgments from clesvsge plsnes, snd 
scrolls, for example, may be counted as fibers. 

(b) Count as single entitles if sepsrstlon is equsl to 
or grester thsn the dismeter of s single fiber. 

(c) Cotmt as single entitles if three ends ean be seen. 

(d) Count as single entities if four ends can be seen. 

(e) In genersl, fibers thst touch or cross are counted 
sepsrstely. 

(f) TVo or aore fibers are counted as s bundle if che 
distances betveen fibers are less thsn the diameter 
of a single fiber, or if the ends csnnot be 
resolved. 

(g) Fibrils attached longitudinally to a fiber ere 
counted as psrt of the fiber and the size (vidth) is 
estimsted bssed on the fiber-to-fibril relstionshlp. 
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(h) A fiber partially hidden by grid vires (one or tvo 
sides of the grid opening) is counted, but Isbeled 
ss sn X-flber (X-F) in the structure column. If the 
number of X-flbers is high enough to effect the size 
distribution (msss, etc.), s lsrge*mesh EM grid 
should be used, such ss 100 mesh (sbout 200 yd 
vide). 

(9) Sizing rules for asbestos structures are: 

(a) For fibers, vidths and lengths sre obtsined by 
orienting che fibers to the Inscribed circles on the 
fluorescent screen. Since estlmstes sre vithin 
±1 am, small-dismeter fibers have greater margins of 
error. Fibers less thsn 1 am st the fluorescent 
screen asgniflcstion level sre chsrscterized ss 
bei\ig 1 SOD. A cylindricsl shspe is essuaed for 
fibers. X-fibers sre elzed by aeasurlng their 
entire visible portions in the grid opening. 

(b) Bundles snd clusters ere elzed by estlastlng their 
vidths and lengths. The sum of individual diameters 
is used to obtsln the total vldth, and an average 
length for the total length. A laminar-sheet shspe 
is assumed, vlth the sversge dismeter of the 
Indlvldusl fiber as the thickness. 

(c) Mstrlees are sized by sdding the best estlmstes of 
individual fiber components. A Isminsr or sheet 
structure is assumed for volume csleulstlon. 

(10) The method of sizing is as follovs: 

(s) An asbestos structure is recognized, and its 
location in the rectangular "gste" relstlve to the 
sides. Inscribed cireles, and other particulates is 
aemorlzed. 

(b) The structure is aoved to the center for SAED 
observation and sizing. 

(e) Sizing is perforaed using the inscribed cireles. If 
the structure, such as s fiber, extends beyond the 
rectsngulsr gste (field of viev), it is superlaposed 
across the series of concentric cireles (several 
tlaes. If necesssry} until the entire etrueture is 
aessured. 

(d) The structure is retumed to its orlginsl loestlon 
by reesll of the loestlon, and sesnnlng is 
continued. 

35 



Analytical Procedure •• 
The anslyticsl procedure is ss follovs: 

(1) EM grid quality is sssessed at 250X. 

(2) Particulste losding is sssessed st lOOOX. 

(3) A grid open...ng is selected st random, examined at lOOOX, 
and sized. 

(4) A series of parallel traverses is made seross the grid 
opening st the film magnlfication of 20,000X. Starting 
at one comer, and using the tilting section of the 
fluorescent screen ss s "gste" or "chute," the grid 
opening is traversed. Movement through the "gste" is not 
continuous, but rsther is s stop/go motion. On resching 
the end of one trsverse, the image is aoved the vidth of 
one "gate," and the traverse is reversed. These psrsllel 
trsvcfrses are aade until the entire grid opening has been 
scanned. 

(5) Asbestos structures are identified aorphologleally and 
counted as they enter the "gste." 

(6) The asbestos structure is cstegorized as fiber (vlth or 
vithout X-} bundle, cluster, or astrix, and elzed through 
use of the inscribed circles. 

(7) The structure (indlvldusl fiber portion) is centered snd 
focused, snd the SAED psttem is obtsined through use of 
the field-lialting sperture. 

(s) SAED psttems froa single fibers of asbestos 
alnersls fsll into distinct groups. The chrysotile 
asbestos psttem hss chsrseterlstlc stresks on Isyer 
lines other than the central line, and eome 
stresking also on the centrsl line. Spots of normal 
shsrpness sre present on the centrsl Isyer line end 
on sltemste lines (thst is, 2nd, 4th etc.) The 
repest distance betveen layer lines is about 0.53 nm. 

(b) Amphibole asbestos fiber psttems shov Isyer lines , 
formed by very closely spsced dots, and have repeat 
distances betveen layer lines also of about 0.53 nm. 
Streaking in layer lines is oecssionslly present due 
to crystsl structure defects. 

(c) Trsnemission electron aierogrsphs and SAED pattems 
obtsined vith esbestos stsndsrd ssaples ehould be 
used as guides to fiber identificstion. An exsaple 
is the "Asbestos Fiber Atlss" (Mueller et al., 
.1975). 
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(8) From visusl exsminstion of the SAED psttem, the stmc
ture is cisssified as belonging to one of four cste
gorles: (1) chrysotile, (2) smphibole group (includes 
amosite, crocidolite, anthophyllite, tremolite, and 
actinolite), (3) ambiguous (incomplete epot psttems), or 
(4) no identificstion. SAED psttems csnnot be inspected 
for some fibers. Ressons for the absence of a recog
nizable diffraction pattem Include eontemlnation of the 
fiber. Interference from nearby particles, fibers thst 
are too small or too thick, and nonsultsble orientstlon 
of the fiber. Some chrysotile fibers are destroyed in 
the electron besm, resulting in psttems thst fsde avay 
vithin seconds of being formed* Soae psttems are very 
faint and can be aeen only under the binocular aicro
ecope. In general, the ehortest eveiiable ceaera length 
aust be*used, and the objective lens current asy need to 
be sd justed to give optiaum psttem vieibility for 
correct identification. A 20-cm camera length and a lOX 
binocular are reconnended for inspecting the SAED psttem 
on the tilted screen. 

(9) The epecimen holder is tilted for optimum x-rsy detection 
(40* tilt for the JEOL* lOOC Instrument's Trscor 
Rorthemt MS 880 analyzer and Kevex* detector). The 
categorized asbestos structure Is aaintained in its 
centered position for x-rsy analysis by aeans of the Z-
control. 

(10} The spot size of the electron beam is reduced and 
Btigmated to overlep the fiber. As an option for STEM 
Instruments, the electron besm aay be used in the spot 
Bode and the x-ray analysis perforaed on s eaall area of 
the etrueture. 

(11) The EDS is used to obtsln s spectrua of the z-rsys 
genereted by the asbestos structure. 

(12) The profile of the spectrua is coapsred vith profiles 
obtained froa asbestos standards; the best (closest) 
astch Identifiee end cetegorlzes the etrueture. The 
lasge of the spectrum asy be photogrsphed, or the pesk 
heights (Ns, Hg, Si, Ca, Fe) recorded for noraalizing at 
a later tlae. Ho background epectra or constant acquisi
tion tlae Is required eince the shape of the epectrum 
(profile) le the criteria. AequlBltion of z-rey counts 
asy be to e constant tlae; to a conetent peak height for 
a eelected eleaent, euch as silicon (1.74 keV); or just 

* JEOL (U.S.A.) Inc., 11 Desrbom Rosd, Pesbody, Msss. 01960 

t Trscor Northem Inc., 2551-T.V. Beltvsy Hwy., Middleton, Vis. 53562 

* Kevex Corp., Chess Dr., Foster City, Cslif. 94404 
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long enough to get sn adequate idea of the profile of the 
spectra, and then aborted. Figure All illustrates 
spectrs obtained from various ssbestos standsrds snd used 
ss referenced profiles. 

(13) The specimen holder is retumed to 0' tilt to exsmlne 
other ssbestos structures. 

(14) Sesnnlng is continued until sil structures are 
identified, measured, analyzed, and categorized in the 
grid opening. 

(15) Additional grid openings sre selected, sesnned, snd 
counted until either the totsl number of structures 
counted exceeds 100 per knovn sres, or s minimum of 10 
grid openings hss been sesnned. Whichever is first. 

(16) The TEM dsts should be recorded in s systematic form so 
thst they csn be processed rapidly. Sample informetion, 
instrument psrameters, snd the sequence of operations 
should be tabulated for esse in dsts reduction and 
subsequent reporting of results. Figure A12 shovs sn 
exsaple of s dsts sheet used in Level II analysis. 

Figure A9 illustrstes the method of sesnnlng s full-grid opening. The 
"field of viev" method of counting, vhich is bssed on rsndomly selected fields 
of viev, has been discontinued. Originslly, the method vas recoamended for 
nedium losding level on the filter (50 to 300 fibers per grid opening). How
ever, if samples are collected at three different loading levels and the opti
mum is selected, this medium losding on the filter vill not be used. Samples 
%rlth grid openings containing 50 to 300 fibers msy be used ss Isborstory fiber 
preparations or selected source samples, but in field ssaples, the psrticulste 
loading is usually of much higher concentration than the fiber. Filter load
ing Is characterized by particulate concentrstion, not by fiber concentrstion. 

EDS is relatively time-consuming, and becomes redundant If used as 
repetitive analysis for a confirmatory check on chrysotile fibers. Chrysotile 
identity by morphology and visual SAED analysis is not as controversial as 
amphibole identification and categorization. 

The folloving rules are recomaended for EDS analysis (Level II}: 

(1) For chrysotile structure identificstion, the first five 
sre snslyzed by EDS, then one out of every 10. 

(2) For aaphibole structure Identificstion, the first 10 ere 
analyzed by EDS, then one out of every 10. 

(3) For aaphibole etrueture identificBtion end categorization, 
all eonfiraed aaphiboles are analyzed by EDS. 

(4) For ambiguous structure Identificstion and categorization, 
all are analyzed by EDS. 
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Energy dispersive z-rsy analysis as used In esbestos analysis is 
semlqusntltstive st best. X-rsy analyzer manufacturers asy clsia qusntitstlve 
results bssed on cslibrstion stsndsrds and eophisticsted coaputer softvare, 
but such claias sre bssed on stoichloaetrie asterisls and extension of vork 
vlth XRF Instruaentstion. Asbestos hss e vsrying elementsl composition. The 
electron besm in sn EM is of vsrying size, end not ell Instruments sre 
equipped to measure the been current hitting the speciaen. The else of the 
epecimen hss an effect on the z-rsy output, and nearby aaterlals asy fluoresce 
and add to the overall z-ray eignsls being genereted. Moreover, specimen 
tilting results in s loss of z-rsy eequisition from psrtlcles hidden by grid 
wires or by other .particles. 

The only consistency in z-rsy snslysls is thst the Intensity of the 
output, within restrictions, is proportionsl to the asss, therefore providing 
the semlqusntltstive analytical possibility. Asbestos alnersls hsve been 
found to hsve s chsrseterlstlc profile, slthough not an exact duplicate of 
each other. For example, the Mg:Sl ratio of chryaotile aay vary from 5:10 to 
10:10, aversglng sbout 7:10. The rstlo csn be used to confirm the morphology 
and visual SAED analysis. 

Tsble 1 Illustrstes the phenoeens of vsrisbility with resemblsnee for 
some of the amphibole fibers. Pesk heights and profile aeasureaents were 
tsken. 

To sld in the visusl perspective of the epectnus profile, the pesk . 
heights were norasllzed to s silicon vslue of 10, resulting in s five^iumber 
eerles thst is relstively essy to visusllze—as in the folloving exsmples: 

chrysotile ~ 0-7-10-0-0 

tremolite ~ 0-4-10-3-<l 

crocidolite ~ 1-1-10-0-6 

anthophyllite ~ 0-3-10-0-1 

amosite - 0-2-10-0-7 

These relstionships are approzimste, since chrysotile can vary from 0-5-10-0-0 
to 0-10-10-0-0. Hovever, for the others, the variation is only about one 
point, such thst the profile (shape) of the five elemente (Na, Mg, Sl, Ca, Fe) 
Is reeognlzsble. 

5. Data Bednetlon and Reporting of Beanlte 

Bete Bndoctlf 
Froa the data eheet, else aeasureaents are converted to alerons (16,000X 

eereen asgnification}, aass of asbestos structure Is calculated, and other 
characterizing paraaeters are calculated through wee of e hand calculator or 
coaputer. (Appendix C, an ezeaple of a coaputer printout froa Level II 
analysis, ehoys reduced dsts—thst Is, whst was found on the specified number 
of grid openings or ores ezemlned.) These aessureaente are euanarized and 
related to the voluae of air aaaplcd and the total effective filtration area 
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TABLE 1. PROFILE COMPARISON OF ASBESTOS SIANDARDS 

aates te t Tjrpt SIM. « Ba m 81 frofH« 

aaetiu (cr-asA) 

aat lwphyl l i t t (AP-4S) 

Cr»eldellc« (CI-37) 

TTMolita (T-79) 

0.19 m 1.U (•clgMCt) 

0.19 a O.TS (STEM) 

0.19 s 1.2S 

0.19 s O.SS (100 •) 

0.25 s LSI (100 •) 

O.i: X 1.56 

0.31 X 2.3a 

6.19 s 1.56 

(•past 

0.56 X 2.3S (atigMta) 

0.31 X 3.3B (atlsaata) 

0.31 X 5.19 (attCMta) 

0.19 X 1.56 (atisxata) 

0.19 X 1.S8 (sttsuta) 

0.19 X 0.ai (atti^ata) 

0.06 X 0.50 (attfuta) 

0.06 X 0.69 (actgMta) 

0.12 X 1.00 (atlffMta) 

Sapaat (rrCM) 

0.12 X 0.62 (BtlgMta) 

0.12 X 1.12 (atlg»ata) 

0.19 X 1.56 (atl«»«ta) 

0.06 X 1.69 (atlgaata) 

Bapaat (STEM) 

Kapaat (STEM) 

Bapaat (STEM) 

0.3B X 2.19 (atlgMta) 

0.38 X 2.19 (aiwc) 

0.25 X 1.75 (BtlgMta) 

0.25 X 1.75 (apet) 

Bapaat (atlsuta) 

(ITEM-lOO a) 

OTEH-100 a) 

(STEH-IOO a) 

(rro^ioo a) 

(STEM-lOO a) 

(CTEM-60 a) 

(STKH-AO a) 

131 

28 

37 

44 

70 

56 

53 

78 

45 

72 

35 

16 

182 

186 

181 

226 

576 

253 

256 

276 

477 

631 

640 

1064 

507 

787 

100 

28 

35 

53 

64 

65 

56 

83 

48 

85 

42 

22 

138 

114 

80 

95 

70 

376 

135 

1454 

64 

1072 

46 

123 

497 

52« 

352 

870 

4207 

2049 

2127 

1696 

2945 

2577 

1670 

3610 

2191 

2286 

S8S 

205 

171 

379 

612 

479 

326 

735 

290 

892 

373 

166 

368 

327 

197 

252 

211 

1118 

364 

4810 

1«1 

3114 

113 

333 

93 

80 

65 

62 

51 

245 

72 

1235 

48 

882 

27 

94 

386 

387 

289 

674 

3338 

1515 

1613 

1116 

1959 

349 

71 

466 

309 

257 

501 

115 

96 

204 

333 

260 

166 

421 

159 

463 

237 

104 

0-4-10-A-fl 

0-4-10-0-7 

0-5-10-0-8 

(K3-10-0-H 

0-1-10-O-8 

0-1-10-0-7 

0-1-10-0-8 

0-2-10^0-7 

0-2-10-0-7 

0-2-10-0-1 

0-4-10-0-0 

0-3-10-0-1 

0-2-10-0-1 

0-3-10-0-1 

2-1-10-0-6 

1-1-10-0-6 

2-2-10-O-6 

1-1-10-0-5 

1-1-10-0-5 

1-1-10-0-5 

2-2-10-0-5 

1-1-10-0-6 

2-2-10-O-6 

1-1-10-0-5 

1-1-10-0-6 

1-1-10-0-6 

0-4-10-2-0 

0-4-10-2-0 

0-4-10-3-0 

0-4-10-2-0 

n-3-lo-2-n 

1-3-10-2-0 

e)-4-)f>_j_f» 

0-3-lft-3-0 

O-J-lO-2-0 

0-3-10-3-0 

n-4-10-2-0 

0-4-10-1-0 
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(srea of deposit). Size aessurements of X-flbers msy be doubled and noted, or 
kept as a separate category. 

Fiber number concentration is calculated from the equation 

Total no. of fibers Flbers/m3 
No. of EM fields 

Total effective filter *rea, cm^ 
Area of an EM field, cmZ 

^ Volume of air sampled, m^ 

The number of X-fibers, bundles, clusters, and matrices sre esleulsted in a 
simllsr manner. X-fibers may be Included with fibers if they are fev in 
number. Similarly, their corresponding asss (from their size aessurements) 
aay be included. 

Fiber aass for esch type of ssbestos (chrysotile or aaphibole) in the 
aample is esleulsted by sssuming thst both chrysotiles and amphiboles hsve 
clrculsr cross-sections (eylindricsl shspe) and that the vldth aeasureaents 
sre one dismeter. The density of chrysotile is sssumed to be 2.6 g/cm', and 
of amphiboles to be 3.0 g/cm'. The individual asss is calculated from the 
equation 

Mass, yg • <x z (length, ym) z (dismeter, ym}2 

z (density, g/cm'} z lO"^ 

The total aass concentrstion of fibers for esch type of asi)estos is then 
calculated froa the total aass of all the individual fibers of that type. 

The Individual aasses of bundles, clusters, and aatrices sre calculated 
by assuming s Isainsr or sheet-like structure vith an average thickness of the 
fiber aake-up of the structure. Again, the density of chrysotile is assumed 
to be 2.6 g/cm', and of amphiboles to be 3.0 g/cm'. The individual aasses sre 
esleulsted froa the equstion 

MasSf yg > (length, ya} z (vldth, ya) z (thickness, ya) 

z (density, g/ca'} z lO'^ 

The total asss for esch type of structure for eseh tjrpe of ssbestos is the sum 
of sil the individual aasses. 
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Other characterizing parameters of the asbestos structures sre: (1) 
length and vldth distribution of fibers, (2) sspect rstlo distribution of 
fibers, snd (3) relstionships of fibers, bundles, clusters, snd aatrices. 

leporting of Reeulte—* 
The data and their subsequent reduction sre reported as summarized, or 

can be further reduced to present the interrelstionrhips of the vsrlous 
characterizing parameters. Figure A13 is sn exsmple of the EM dsts report; 
Figure A14 is sn exsmple of the ssmple summary report. 

The methodology csn estsblish the limits of identity for unknown samples, 
set ss s QC/QA method for Level I snslysls, snd sstisfy most of the 
identificstion criterls for ssbestos. 

6. Quality Cootrol/Cjoality Aaeuranee 

Sampling procedures vill vsry depending on the type of ssmple, objectives 
of the ssmpling', snd time/cost fsctors. The primary goals of ssmpling sre to 
obtain a representstlve sample at the location snd time of ssmpling, snd to 
maintain ssmple integrity. The ssmpling tesm vill hsve vritten ssmpling 
procedures, and the field chief snd/or deslgnsted indlvldusl vill be respon
sible for sil record-keeping (including ssmple identificstion, Isbeling, 
logging of dsts, site deseription, snd meteorologlcsl conditions}, pre- and 
post-collection checks, and continuous sample custody and sign-outs until the 
ssmple is delivered to the Isborstory and transferred to the eppropriste 
quality assurance officer (QAO). Verification of aampling times, flow rstes, 
equipment cslibrstion, and taking of field blanks vill be cheeked snd recorded 
in the field logbook. 

Samples sre tumed over to the QAO for logging into s project logbook. 
Each ssmple is csrefully exsmlned for gross festures, such ss tesrs, bresks, 
snd overall condition of container. The QAO registers the ss-recelved ssmple 
number snd other deslgnsted informetion, and assigns s simple Intemsl code 
number thst vill secompsny the sample chrough the preparation stsge, grid 
transfer, grid analysis, data reduction, and reporting of results. 

After being logged into the project logbook, the ssmple is trsnsferred to 
the custody of the electron microscopy stsff, vhere every precsutlon is tsken 
to msintsin ssmple Integrity snd to prevent contsminstion and loss of 
collected psrticulstes. During storsge and transport, the filters in their 
respective holders are maintained in a horizontal poaition at all times. 

The ssaple logging, hsndiing, and etoring procedures eneure thst sil 
ssaples can be reedily loeated and Identified throughout the course of a 
program. The QAO has divislonsl responsibility for QC/QA ectlvltles, end must 
eee thst the Isborstory msintslns high stsndsrds. He aust be evsre of current 
etandards of analysis, and aust ensure thst Intemsl quality control 
stsndsrds, Instruaent calibration, and records of ssaples and coapleted 
analyses are kept for ease of Ister retrievsl and use. 
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For quality control, intemal laboratory blanks are analyzed at least 
once a veek, vhleh may or may not coincide t^th a sample batch blank. In 
addition, s msgnlficstion cslibratlon of the EM using s csrbon grstlng replica 
(2,160 lines per mm) is performed once s veek. The results sre recorded in sn 
EM instrument log, along vlth other routine Instrumental performance ehecks. 
All photographs, TEM, SEM, snd STQl iasges sre recorded in s photo log. These 
QC results sre documented for 'nspection by the QAO. 
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SECTION 6 

IJEVEL III ASBESTOS ANALYSIS 

DISCDSSI(» <Sr PROTOCOL 

The Level III protocol is sn extension of the Level II analysis proce
dures described in Section 5. This extension msy be necessltsted by the need 
for positive Identificstion of the specific emphlbole species in sltustlons 
vhere (1) fundsmen^sl dissgreements betveen psrtles involved in a litigation 
require further clarification; (2) for identification purposes, e.g., ss 
esusatlve agents in medical diagnosis or studies; (3) for quslity control of 
Level II snslysls in special sltustlons, snd/or; (-4) for source samples 
vhether ss bulk msterisl or bulk-sir type vhere s legal judgment is sntlcl-
pated. 

Since sn SAED psttem asy be considered ss s signsture of the crystsl 
structure of the dlffrscting crystsl (alnersl fiber or psrticulste), the 
alneral giving the pattem csn be identified by coapsrison of aessured snd 
stsndsrd sets of d-spscings snd interplsnsr sngles (e) from SAED psttems 
obtained in near-exact zone axis orientations. Such Identificstion, hovever, 
may not be absolute vithout the provision of SAED psttems from more than one 
zone-axis orientation. 

The Level III snslysls is sn objective, confirmstory-type snslysls snd 
consists of Level II snalysis plus qusntitstlve SAED analysis from tvo 
different nesr-exset zone-axis orientstlons on s selected number of fibers 
identified for detsiled SAED snslysls during the course of Level II analysis. 

The Level III analytical procedure consists of loesting the selected 
fibers contained in gold-coated grid openings (for intemsl cslibrstion); 
photogrsphing the fibers under brlght-feld illuminstion; obtslnlng (by 
tilting) snd recording tvo zone-sxis SAED psttems from eseh selected fiber; 
snd obtslnlng (recording snd photogrsphing) representstlve EDS spectre from 
the subject fiber. 

The present Level III protocol is bssed on the folloving guidelines: 

(1) Msintensnce of proeedursl continuity so thst results of 
Level II analytical effort vill aid in conducting the Level 
III effort. 

(2) Since detailed SAED analysis on all the fibers aessured In 
Level II analysis is not possible due to tiae snd cost 
restrsints, a eeleetion criterion is needed to assure 
representstlve snslyses. 
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(3) The primary emphasis in Level III snslysls is on the 
positive identificstion of the smphibole type. 

(4) The present protocol is designed to sllov greater flexibil
ity snd freedom of decision for the microscopist in deter
mining the selection criterls since, due to prsctiesl 
constrsints (position, orientstlon, contsminstion, etc.}, 
sil fibrous psrticulstes msy not be suitsble for detsiled 
SAED vork. 

(5) It is recommended thst spproximstely 20Z (st lesst lOZ) of 
the fibers exsmlned in Level II snalysis be selected for 
Level III SAED snslysls. Fibers vhich vould be cisssified 
as "smphlboles" or "smblguous" in Level II analysis should 
be more often included for Level III analysis ss compsred 
to those fibers vhich could be resdlly Identified as "not 
asbestos." In esses vhere the asjority of the fibers in 
Level II belong to s single, esslly-identifisble species 
(e.g., chrysotile), fibers thst sre different should be 
aore often selected for detsiled Level III analysis. This 
flexibility in selection criterls vill asxlalze the gsln 
(mesningful informstion) from Level III effort beyond vhst 
vould be achieved from the analysis of 10-20Z randomly 
selected fibrous psrticulstes. 

(6) The electron microscope grids used in Level III analysis 
(slso Level II if Level III is sntleipsted) should be 
finder grids so thst loestlon of fibers exsmlned eould be 
referenced for qusntitstlve SAED and for future re-
checking. 

(7) Level III analysis should slvsys be conducted by or under 
the close supervision of s professlonsl electron micro
scopist knovledgesble in crystsllogrsphy, SAED snslysls, 
mlnerslogy, plus Level I and Level II asbestos analyses. 
If such expertise is not svsilsble in-house, an outside 
consultsnt should be retsined. 

(8) If enforcement proceedings and possible legsl involvement 
msy be psrt of the analytical procedure, the aample collec
tion procedure entails sdditionsl record-keeping to 
aslntsin ssmple Integrity. The field crev chief or e 
deslgnsted indlvldusl Inltistes, in eddltion to normsl 
QC/QA sctivities, a chain-of-custody record. The esmple is 
collected by tbe field tesm or by s representstlve of the 
adverssry psrty in the presence of eseh other, and is 
seeled and eigned for vith the date and time. The deslg
nsted Indlvldusl seknovledges receipt of the collected 
sample. In trsnsferring the ssmple, the designste signs s 
relesse of the ssmple in the presence of the nev recipient, 
vho notes the dste and time, and signs for acceptance in 
the designste's presence. The ehsin of custody eneures 
thst only responsible personnel hsve secess to and control 
of the eample, thereby evoldlng the possibility of 
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contsminstion before snd sfter trsnsport to the Isbors
tory. At the Isboratory, the QAO hss first secess to the 
sealed ssmple container, snd signs for it sfter obtslnlng s 
signed relesse by the hsnd-esrrler. 

SUMMARY OF PROTOCOL 

(1) An EM grid is prepsred ss directed in Level II snslysls 
using finder or locstor grids instesd of regulsr 200-mesh 
grids. 

(2) The psrticulste-losded grid is then one-half or completely 
coated vlth a thin layer of gold. 

(3) The gold-coated grid is plsced in s tilt-rotstion or s 
double-tilt specimen holder, snd exemined in the AEM or 
STEM. « 

(4) At lov magnlfiestion the specimen grid is exsmlned, and a 
grid opening is selected snd identified .for reference. 

(5) Fibers identified for detsiled Level III SAED vork during 
Level II snslysls, employing the eeleetion criterls 
described under Level III guidelines, sre nov exsmlned one 
st s time. 

(6) A bright-field lasge of the fiber is tsken st 0* tilt and 
at the asgniflcstion of analysis (20,000X}. 

(7) Vlth the tilt-rotstion or double-tilt coabinstion, veil-
defined SAED psttems of two different zone-sxis orients
tlons sre observed and photographed. The fiber location 
vlth respect to the edges of the grid opening or to other 
psrticulstes asy prevent aore thsn one zone-axis orients
tlon from being obtained for aome fibers. 

(8) X-rsy elementsl analysis is tsken of the fiber sfter the 
SAED psttems. The EDS analysis slso msy be affected by 
proximity of the fiber to the edge of the grid opening or 
to other particles if tilting of the specimen is required 
for efficient use of the EDS. An imsge of the spectrs is 
tsken along vith a record of the peak heights (the 
presence of grid peeks, sueh as (>i or Ni, as veil as gold-
costing asy serve as aarkers). 

(9) As ezplsined eerlier, due to tiae end coet considerstions, 
at least lOZ (preferably 20Z} of the fibers ezsained in 
Level II are enalyzed in Level III vork. 

(10) Those fibers vhose EDS eleaentsl analysis points to s 
possible eaphibole Identificstion ere eelected for SAED 
psttem Indezing. 
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(11) Psrsmeters of interest obtsined form zone-sxis SAED 
patterns sre: the csmera constsnt, CC (obtsined from the 
gold ring); the dlffrsctlon spot spsclng dj (slong the 
slsnt vector), 62 (along s rov); the inter-row spsclng, R; 
snd the interplsnsr sngle 61,2. See Figure A18 for 
detslls. 

(12) The reclprocsl Isttlee vslues of the d-spscings dy end 62 
snd the inter-rov spsclng (R) sre converted into direct 
Isttlee spscings snd then di, d2, R, and 61,2 are compared 
to those of stsndsrd amphibole species listed in JCPDS 
Povder Dlffrsctlon Files, vslues computed from Isttlee 
psrsmeters snd crystsl structures, or SAED Stsndsrd 
Psttem File developed intemslly from knovn amphibole 
ainerals regulsted by EPA. 

BQUIFMERT, FACILITIES, AHD SUPPLIES 

Essentisl items required for s Level III analysis sre: 

e A 100-kV AEM equipped vlth the fluorescent vievlng screen 
inscribed vith grsdustions of knovn radii to estimste the 
lengths snd vidths of fibrous psrticulstes; or s aodem 
100-kV TEM equipped vlth sn EDS. A sesnnlng eccessory ss 
found in an STEM vill increase the versstility and 
analytical capability for very small fibers or for fibers 
sdjscent to other psrticulste matter. This microscope 
should slso be equipped vlth the fluorescent vievlng 
screen inscribed vlth grsdustions of knovn rsdll to 
estimste the lengths and vidths of fibrous psrticulstes. 

e A specimen holder vlth tilt-rotstion or double-tilt 
cspsbllity to obtsln dlffrsctlon psttems et different 
zone-axis orientstlons. 

e Darkroom facilities for developing negstives, asking 
enlerged prints of psttems, and facilitating aeasureaent 
of dlstsnees, spots, lines, and circles. 

e A vscuum evsporstor vlth a turntable for rotating 
apecimens during coating, for eueh uses as carbon-coating 
polycarbonete filters, gold-costing EM grids, and 
preparing carbon-coated EM grids. 

• An EM prepsrstion room adjecent to the room housing the 
EM. This room should either be a clean-room faeility, or 
contain a lamlnar-flov class-100 clesn bench to ainiaize 
conteainstion during EM grid preparation. Filter handling 
and transfer to EM grids should be perforaed In a deen 
ataosphere. Lsborstory blsnks should be prepsred and 
analyzed veekly to ensure quslity of the work. In addi
tion, e eeaple prepsrstion rooa with a laainar-flow cless-
100 clesn bench ehould be available for handling bulk-air 
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sanples, sshlng procedures, sedlmentstlon, ultrasonlfl-
estlon, flltrstion, snd other prefilter aetlvltleB. 

e Seversl modlfed Jsffe vlck vashers for dissolving membrsne 
filters. 

e Mlscellsneous supplies snd chemlcsls, sueh ss membrsne 
filters, EM grids, films, gold vlre, chloroform, and 
carbon rods. 

e Ssmple collection equipment, sueh ss filter holders, 
ssmpling pumps, critical orifices, snd tripods. 

DESCRIPTKHI OF METBOOOLOCY 

A detsiled discusson of the aorphology, crystsllogrsphy and chealstry of 
ssbestos ainerals, electron alcroscopy, snd SAED analysis is outside the scope 
of the present protocol. Bsslc knovledge in these sress snd sn sdequste level 
of comprehensive knovledge of TEM snd SAED sre prerequisltSs for the mlero-
scoplsts psrticipsting in ssbestos snslysls, espeeislly st Level III stage. 

Since Level III analysis is sn extension of Level II analysis, common 
aethodologicsl detslls desling trlth type of ssmples (source), ssmple collec
tion snd trsnsport, sample preparation, TEM examination and data collection, 
dsts reduction snd reporting of results, and quality control/quality assurance 
(QC/QA) progrsm, vhich vere discussed in detsil in Section 5 (Level II 
Asbestos Analysis) vill not be repested here and the users sre sdvised to 
refer to Section 5 for detslls in these sress. Differences, if sny, betveen 
Level II and Level III protocols in common sress hsve been deslt vlth esrller 
under "(Sidelines" and "Summary of Protocol." 

The folloving provides brief descriptions of some of the essentisl sress 
of the Level III protocol that vere not covered under Level II protocol. 

1. Cryetallography and Merpholegieal Properties 

Both crystsllogrsphlc and morphological chsraeteristles of asbestos 
alnersls can help considersbly in asbestos Indentifiestion and analysis. 
Chrysotile displsys s unique nsrrov tubulsr aorphology. The smphibole 
asbestos alnersls hsve very slallsr aorphologies—they are elongated elong the 
z-axls (the chsin direction) and generally lie vlth (100) planes approximately 
perpendicular to the electron beam. All varieties of amphibolee exhibit these 
Vsdsley fsults psrsllel to the length of the fiber. 

(Chrysotile possesses s cylindrical lattice which producee a unique SAED 
pattem. All the aaphiboles, except enthophyllite, which ie orthorhoabic, 
hsve s aonoelinic crystsl structure. The aaphiboles are double-chsin 
sillestes In which the fiber axle, s, haa a repeat of 0.53 na (inter-rov 
epacing *R' In real apace. Figure A18}. Since the other lattice pereaeters 
are also very eiailer, detsiled zone-ezis SAED analysis In aore than one 
orientation is needed for positive Identificetion. The non-eebestos foras of 
aaphiboles hsve properties very eiailer to their asbestos counterpsrts, thus 
they aust be distinquished froa asbestos on the bssls of aorphology alone. 
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2. Chemical Propert lea—Eleaental Analysis by BDS 

Amphiboles sre nonstochlometrle alnersls snd often contsln substitutional 
cstlons in vsrying amounts. Therefore, precise determinstion of their chen- ^ / 
istry is difficult and positive Identificstion bssed on chemistry alone is not [ y A 
reliable. This msy be psrticulsrly pertinent when desling with asbestos 
mlnersls present ss minor constituents in alnersl ssaples. 

Elementsl rstlos, vhleh sre sometimes used to dlstinqulsh betveen 
asbestos types, often vsry over vide rsnges even in stsndsrd ssmples. The 
presence of gold costing, vhleh vould tend to preferentislly sbsorb z-rsys 
from lighter elements more thsn heavier elements, msy mske the situstion even 
vorse. In viev of these ambiguities, snd due to inherent prsctiesl difficul
ties in obtslnlng representstlve qusntitstlve EDS elementsl snslyses fron 
submicroscopic fibers, the present Level II and Level III protocols specify 
the use of only qualitative EDS epectra, vhleh are often very valuable for 
screening purposes in the Identificstion procedure. For ezsmple, in distin
guishing betveen tremolite snd actinolite type of emphlbole, eetinollte 
usually contains Fe, but tremolite does not. 

3. Selected Aree Electron Diffraction (SAED) 

The method of obtaining an SAED pattem of e randomly oriented epecimen 
is ususlly described In the EM Instruction asnusl. The genersl directions for 
using the instruaent to obtsln snd photogrsph SAED psttems sre: 

(1) Select the lasge asgniflcstion for the selected sres. 

(2) Bring the desired field of viev to the center of the 
screen. 

(3) Insert the appropriate field-lialting aperture (aceordlng 
to the desired field of viev) into the beam path. 

(4) Obtain the eharpest field-lialting aperture ehadov. 

(5) Confira that the desired field of viev is in the field-
limiting aperture. 

(6) Focus the specimen imsge; a photograph of the aelected 
area image can be taken. 

(7) Obtain the SAED pattem, remembering to retract the 
objective lens aperture from the beem path. The SAED 
pattem vill be observed on the fluorescent eereen. 

(8) Select the desired camera length (the shorter the length, 
the better for SAED patterae of asbestos teken at high 
aagnificatlon). 

(9) Focus the SAED psttem eherply. The besm stopper Is used 
to intercept the bright center epot. 
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(10) For photography, the illunination is expanded (condenser 
reduced) after focusing the pattem, so thst the psttem 
becones barely visible (indistinct). A msnual time 
exposure of spprozlmately 20 to 30 s (msybe more 
depending on such fsctors as specimen snd film) is 
required. The besm stopper csn be left in plsee or 
removed from the besm psth 1 to 2 s before closing the 
shutter. A double ezposure of the specimen image snd the 
SAED psttem csn be tsken if psrtlele-to-psrtlele spsclng 
is sdequste. 

4. Dee of Tilting to Acquire Bzaet Eone-Azie SAED Pntteme 

Detemlnatlon ef the Tilt AocLe— 
In the side-entry type electron nieroseopes, the Instrument tilt sxls is 

alvays fixed. Hovever, the position of the tilt sxls on the vievlng screen 
shifts vlth magnification. Also, there is slvsys sn angular rotation betveen 
the image and the SAED pattem. It is highly deslrsble to knov the loestlon 
of the tilt sxls on the vievlng screen snd its relstionshlp vis-s-vis SAED 
pattem under the operating conditions to make effective use of specimen 
tilting for obtslnlng exsct zone-sxis orientstlons. The folloving steps csn 
be used to locste the position of the tilt axis: 

(1) A gold-costed EM grid vlth s stsndsrd ssbestos mlnersl 
specimen on s polycsrbonste replies film is plsced in s 
tilt-rotstion or double-tilt holder and inserted st 0' 
tile into sn sllgned TEM set st 100 kV, 100 yA, 20,000X 
magnification, snd 20-ym esmers length operstlon. 

(2) The image is focused on the fluorescent screen, vhleh is 
at approximately 16,000X magnlfication. 

(3) A circular hole in the polycarbonate replica is positioned 
in the center of the field of viev. 

(4) On tilting, the clrculsr festure ehsnges to an ellipse 
vlth the sMjor sxls unchsnged, and indicates the position 
(direction) of tilt axis at that nagnlfication. The minor 
axis shovs the perpendleulsr direction to the tilt sxls. 
A high tilt angle defines the tilt sxls more accurately 
than s small tilt angle. Figure A15 illuetretes the effect 
of tilt. 

(5) A double-exposure photogrsph et 0* tilt end et eome high 
tilt sngle, eueh as 30", is tmktxi of the focueed circular 
hole for reference. 

Tilting—for sone-azle SAED PWttei 
Qusntitstlve SAED requires knovledge of crystsllogrsphy to obtsln useful 

zone sxls dlffrsctlon psttems from vhleh precise aessureaente can be aade for 
comparison vlth knovn asbestos standards on file. Thus the aethod of obtsln
lng the visusl SAED psttem of rsndomly oriented specimens, as In Level I snd 
II snalysis, is modified for qusntitstlve SAED psttem analyeie. It requires 
tilting of the specimen to ellgn msjor crystsllogrsphlc directions with the 
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electron been. The zone sxls is s line psrsllel to s set of intersecting 
crystal planes and nearly parallel to the electron beam. A zone-axis pattem 
thus gives regular repeat distances snd even intensities of spots throughout 
the psttem. 

Either s double-tilt or s tilt-rotstion type specimen holder csn be used 
for obtslnlng zone-sxis psttems. A double-tilt holder is often preferred 
becsuse tilt-rotstion comblnstion involves trsnslstionsl movement of the fiber 
during tilting, necessltstlng constsnt sdjustment of the specimen-positioning 
controls to keep the specimen centered in the SAED sperture. On the other 
hsnd, it is much essler to obtsln sn sceurste aessure of the degree of tilt 
snd perform systemstlc tilting with the tilt-rotstion specimen holder. It is 
only necesssry to rotste the specimen (fiber) until the tilt sxls (ss deter
mined esrller) coincides vlth s asjor rov of spots snd then tilt until s aajor 
zone sxls is psrsllel to the incident electron besm. Altemstely, fiber sxls 
of the fiber csn be oriented either psrsllel or perpendleulsr to the tilt axis 
snd then further tilting is used to obtsln exsct zone-sxis orientstlons. 

In order to svold flip-flopping betveen imsge snd dlffrsctlon modes vhile 
tilting, s recommended procedure is to defocus the dlffrsctlon psttem (the 
spersture becomes visible end the epecimen/flber csn be seen in it) so thst a 
double Image of fiber In sperture csn be seen vith s poorly focused dlffrsc
tlon psttem. The aoveaent of the fiber csn then be trscked in relstlon to 
the spot psttem during tilting and kept centered in the SAED aperture by use 
of the speciaen-positioning controls (knobs) of the aicroscope. Sometimes s 
Isrger sperture sids in the trseklng-psttem recognition process. 

An experienced electron microscopist csn resdlly recognize the geometrl-
csl festures like Klkuehl lines or Lsue zones in the SAED psttem snd use 
these to obtsln the exsct zone-axis SAED psttems. A detsiled discussion of 
Klkuehl psttems snd Lsue zones snd their utility in tilting experiments may 
be found in any stsndsrd text book on electron microscopy. Use of the double-
tilt speciaen holder is very helpful and less tedious in tilting experiments. 
Hovever, sil Isborstorles asy not hsve both tsrpes of speciaen holders svsil
sble. A sltllled alcroscoplst csn use either epeciaen holder vithout auch 
difficulty. Experience and eklll are aore laportant factors in SAED snslysls 
thsn the type of speciaen holder used. 

5. Chsracterietlee of SAED Pntteme BOeoontered in Aebeetoe Analyaie 

Successful sppllcstlon and exploitation of SAED analysis in asbestos 
analysis needs prior knovledge of the genersl eppesrsnee end distinguishing 
chsrscteristies of other SAED psttems vhich are often encountered. The 
folloving discussion suamsrizes some of the observed SAED festures of asbestos 
and other related ainerals. This discussion is by no aesns comprehensive snd 
sssumes thst the resder is fsaillsr vith genersl crystsllogrsphy and the 
noaenclature pertaining to varous aspects of SAED psttems. 

Minneeotalte and Stllpnonelane— 
These iron-rich non-ssbestos Isyer nlnersls sre often encountered in 

asbestos snslysls of speeinens fron certain geographic locations. Psrticu
lstes of these nlnersls lie nesr their bssal (001) planes. Stllpnonelsne snd 
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minnesotsite both possess large superlsttlces and their commonly observed SAED 
patterns sre easily dlstlngulshsble from smphibole psttems. The spsclng (in 
reclprocsl spsce) is sbout hslf (for minnesotsite) or less thsn that for most 
smphlboles. These mlnersls csn be resdlly distinguished in Level I or Level 
II snslyses if s gold costing (optionsl) is spplled to the specimen grids. A 
visusl inspection of the number of rovs of spots inside the (111) gold ring is 
sufficient to distinguish minnesotsite and atl\pnomelsne from smphlboles. 

Chrysotile— 
Due to the cylindricsl Isttlee of chrysotile the SAED psttem is unique. 

The SAED psttem observed is syaaetricsl sbout the cylinder sxls, z, snd the 
spsclng of the rovs of spots is proportionsl to 1/s, vhere ̂  is 0.53 nm. The 
most distinguishing festures of the psttem sre the flsred epots of the type 
(130) vhich occur in the firt Isyer line. The flsring is due to the cylin
drical lattice. A typical EDS spectrs shovs the presence of only Mg nnd Sl 
(Figure All). ^ 

Aaphiboles—Systeaetlc Abeeneee, TWlaning, and Double Diffraction— 
The aost commonly observed rov of dlffrsctlon .'shots found in SAED 

psttems in smphlboles is in the f* or b* direction, representing the shortest 
reclprocsl spsclng betveen the spots (18.4 A in reel spsce). There ere msny 
strong zone axis orientstlons eontslning the y* rov of spots. The Isttlee of 
amosite, crocidolite, tremolite, and actinolite le c-centered, and for euch a 
lattice the h "f k odd epots are ebsent slong the y* or b* rov. In prsetlee, 
hovever, weak epots asy be present in forbidden positions due to the presence 
of thin aultlple twinning on (100), which esuse stresking psrsllel to s*. 
Often, reclprocsl nets froa both tvlns sre present in the ssae SAED psttem. 
In s tvlnned crystsl, the number of importsnt dlffrsctlon nets eontslning b* 
is doubled, lesdlng to the observstlon thst the dlffrsctlon psttems appear 
insensitive to tilt. 

In some esses SAED psttems csn contsln spots from both tvin individuals 
vhich overlsp. Hovever, not all the spots present in the composite SAED 
psttems are generated by the overlapping nets; some spots asy be preeent 
becsuse of double diffraction vhere a diffracted beam from one tvin becomes 
the trsnsmitted besm vhen it enters the other tvin. 

The purpose of the sbove discussion is to point out thst slthough msny 
compliestions ezist in the analysis of SAED psttems, these can be overcome; 
in e good goniometrie tilting etege aoet aaphiboles can be Identified by SAED 
analysis. 

teoslte— 
The nesrest reclprocsl lattice eection to the (100) direct lattice plena 

in aaosite le (301)* and It le aleo the aoet coaaonly obeerved eection. Due 
to the presence of the thin (100) tvlns, this section closely reeeablee (100)*< 

Typiesl EDS spectre froa eaoslte flbere (Figure All) ehov aalnly Si and 
Fe vlth eaaller eaounts of Mg and Mn. Mn is frequently obeerved ae e eubstl-
tutlonsl cstion in eaoslte. 
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Crocidolite— 
Most of the coamonly observed psttems sre ssyametricsl and cannot be 

Indexed easily. Hovever, they all ahow rovs of spots sepsrsted by s 
reclprocsl repeat (R) corresponding to the fiber sxls (0.53 nm). 

The main elements observed in typiesl EDS analysis sre Mg, Si, Ca, and 
Fe. Ns, vhich is usually present in crocidolite, asy not be detected in gold-
costed specimens becsuse of sbsorptlon, or becsuse of overlspping secondsry 
peaks from the copper grid. 

Trcnollte-Actlnollte— 
Temollte and actinolite ehov e variety of SAED pattems vhich hsve very 

simllsr sppesrsnces. In setinolite some of the Mg is replsced by Fe, vlth the 
result thst Interplsnar d-spscings of setinolite sre slightly Isrger thsn 
tremolite. In both tremolite snd actinolite, the main elemental constituents 
sre Mg, Sl, andCa. Actinolite also contsins some Fe. 

Anthophyllite— 
. Even though enthophyllite hss sn orthorhomblc crystsl structure, its 

eommoniy observed psttems sre simllsr to the monoclinic smphlboles. Antho
phyllite fibers dehydrste nore essily in an electron beam and are, therefore, 
more difficult to study. 

EDS elemental snslysls shovs the asin constituents to be Sl snd Mg trlth s 
small amount of Fe. 

6. Deterainatlon of Caaera Conetent and SAED Pattern Analyeie 
•V 

As aentloned esrller, s thin film of gold is evsporsted on the speclnen 
EM grid to obtsln zone-szls SAED psttems superimposed vith s ring pattem 
from the polycrystslline gold film. Since d-spscings corresponding to Identl-
fisble gold rings sre knovn, these csn be used as an Intemal stsndsrd in 
measuring unknovn d-spscings on an SAED pattem from a fiber. The precision 
of messurement is es good ss the quslity of the photogrsph (or negstlve) snd 
ususlly the messurements should be in the order of 0.1-0.2 mm vlth sn angular 
tolerance of 0.5-1.5 degrees. The aessureaents can be aade by seversl 
aethods: aanually vith a ruler, vith a aeehanieal aid, or a densitometer, 
etc. The psttems can be read directly on the developed negative or on an 
enlarged non-glossy print. 

In prsetlee, it is deslrsble to optimize the thickness of the gold film 
so thst only one or tvo shsrp rings are obtained on the superimposed SAED 
psttem. Thicker gold film vould noraslly give aultlple gold rings, but it 
vill tend to aask vesker dlffrsctlon spots from the unknovn fibrous psrticu
lstes. Since the unknovn d-spscings of aost Interst in asbestos snslysls sre 
those vhleh lie closest to the transaitted beaa, aultlple gold rings sre 
unnecesssry on sone-azis SAED pattems. 

7. Deterainatlon of Cenere Conetent Doing Cold Binge 

An overage cenere constsnt using aultlple gold rings een be determined ss 
ezplsined belov. Hovever, In prsetlee, in aost esses deterainstlon of the 
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sverage camera constant is not necessary and thicker gold films are not 
desirable. The canera constant. CC. is 1/2 the diameter, D, of the rings 
times the Interplanar spacing, d, of the ring being measured snd is expressed 
as: 

CC(mm-A) - ^ ^ x d(A) 

The value of d for each ring can be obtained from the JCPDS file. 

(a) Measure the diameters (tvo perpendicular locations) of the 
gold rings in mm ss precisely ss possible (see Figure 
A16). 

(b) Measure ss many distinct rings as possible to minimize 
systematic errors. 

(c) Example: if the measured values in on sre Di, D2, D3, Dt,, 
snd D5, these trill represent, respectively, d-spscings of 

4.079 4.079 4.079 4.079 . 4.079 , , , , , ana -^^—— ̂  

/3~ 2 /f- / i j rn" 
(d) The camera eonstsnts vill be: 

CC, 
1̂ L 079 1̂ 

. xl:2Zl. X 2.355 
' ^ /5 ^ 

^2 L 079 ^2 
CC2 - -J- X ^ ^ - -J- X 2.04 

CX:3 . ^ x « l 2 Z i - ! i x 1.442 
' ^ /y ^ 

^ 4.079 "̂̂  CC^ . -_ X *l£il - -_ X 1.23 

CC5 . !ixi:2I9 -fix 1.178 

(e) The esmers constsnt for the SAED psttem is the averege of 
CCl • CC2, CC3, CCl,, and CC5. Table 2 presents sn exsmple 
of csmers-eonstsnt determinstion. 
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TABLE 2. DETERMIRATION OF CAMERA COHSTART (EXAMPLE) 

Ring D^ resdlngs 
No. (mm) 

1 23.0, 22.0 

2 27.4, 27.6 

3 37.8, 38.2 

4 44.6, 45.4 

Mesn Vslue of ^ ffl 
Csmers Constsnt n 

li 

Mesn D^ 
(am) 

22.5 

27.5 

38.0 

45.0 

.5 + 28.0 
X 

d-

27.4 

•spsclng. 
(A) 

2.355 

2.04 

1.44 

1.23 

• 27.7 

<»i 

- 27.4 

Camera constant 
Cj - 0̂ /2 X di 

26.5 

28.0 

27.4 

27.7 

(am-A) 

8. Measoreaent of d-Spscings nnd Interplanar Angles 

The gold film, becsuse of its smsll, rsndomly oriented crystsllites, 
produces s ring psttem superimposed on the SAED psttem from the fibers. The 
dismeters of the gold rings correspond to knovn vslues of d-spscings, snd this 
provides an intemal stsndsrd to correct for inherent uncertslnties present 
due to vsristions in instrumentsl snd/or opersting conditions. Since the d-
spscings of Interest on SAED psttems sre usually the ones thst lie closest to' 
the center spot (trsnsmitted besm), s csmers constsnt aessured from the first 
gold ring in the direction of aeasureaent of d-spscings trill ususlly give 
better sccurscy in computed spscings thsn the use of an everege comers 
constsnt. This method vill eccount for eny distortions in the symmetry of the 
gold ring psttem. The zone-sxis SAED psttem ususlly hss seversl rotrs of 
spots vithin the clrculsr psttem of the gold rings. These rovs of spots 
contsln informstion sbout the tvo sets of plsnes in the crystsl structure snd 
the sngle betveen them. The folloving procedure outlines the steps necessary 
to obtsln the dlstsnees betveen plsnes (d-spscings) and the corresponding 
interplanar sngle, 6 (see Figure A17): 

(1) From the spot psttem, determine the rov vith spots aost 
closely spsced, and designste this as a horizontal rov. 
Drav a fine line to ehov the rov through the origin, and 
designste this the zeroeth rov. Drsv fine lines to shov 
the first and auccceding horizontal rovs. For s fev 
horlzontsl rovs, aessure the aesn spsclng betveen edjscent 
epots (or the ainiaua vector): 

_ Distsnce betveen spots a units spsrt 
1 a 

where a is chosen es an optiaum number to ainiaize 
aeasureaent errors. The aesn horlzontsl spot distsnce, X, 
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equals the summation of Xĵ  divided by the nuaber, n, of 
rows measured. The d-spscing in A corresponding to this 
vector is the esmers constsnt divided by X, snd is Isbeled 
d2* Table 3 presents sn example of spot spsclng 
measurement trlthln a horizontal rov. 

(2) The perpendicular distsnce betveen ttro sdjscent horlzontsl 
rows is slmllsrly msLJured. This interrov spsclng, Z, is 
the mean separation betveen horiziontal rovs, and equals 
the distsnce betveen s number of rovs divided by the 
number of spsces. This distance is an additional vector 
for comparison thst coincides trlth the slsnt vector, di-
spsclng, vhen angle 61,2 Is 90". The rotr-spsclng (̂ ) 
equals the camera constsnt divided by Z. Tsble 3 presents 
sn example of perpendicular spsclng bettreen horlzontsl 
rovs; Figure A17 illustrstes spot and rov epacing. 

(3) To obtal;! the di-spsclng and corresponding sngle 61,2* * 
perpendleulsr is drsvn to the zeroeth horlzontsl rov 
through the origin. A line is drstm to the first spot to 
the right of the perpendleulsr in the first rov snd 
extended through the succeeding rovs. This line, called 
the slant vector, forms the scute angle 61,2* The mean 
spacing, Y, betveen spots on the slsnt vector csn be 
aessured by dividing the asxiaua distsnce bettreen spots by 
the number of spsces bettreen thea, or by csleulsting from 
the Interrov spsclng: 

Y - » 
sin 61,2 

The d-spscing in A corresponding to this vector is the 
csmera constsnt, CC, divided by Y end Isbeled dj. 

CC z sin 61,2 r r 

Figure A18 illustrstes the reletionship of di, d2, 61,2 
snd R. In some cases, the Interplsnsr sngle 61,2 asy be 
aore thsn 90 degrees (not shotm in Figure A18). 

Summary of Data from Each SAED Psttem; 

(s) The esmers constsnt, CC, ss determined from the gold 
rings, normslizes the dlstsnees on the SAED pettem 
regardless of sueh fsctors aa aagnificatlon and tilting. 
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TABLE 3. DETERMIHATION OT SPOT SPACIIIGS (EXAMPLES) 

Sepsrstlon 
Reading (an) 

Spor npaclng aithin 

1 49 

2 42.7 

3 — 

d-spscing -

Units 

a faorlso 

16 

14 

27.4 

Mesn spsclng, 
Xj (A) 

atal rov, 62* 

3.006 

3.05 

— 

3.028 - Mesn 

9.05 A 

Pnrpendlenlar npaclng between horlsontal rons, 1 

43 8 5.0375 

5.0375 - Mesn 

27 4 
d-spscing, R • g^^jy^ - 5.44 A 

Note: It is prefersble thst the caaera constsnt 
values used in coaputlng d-spscings are aeasured 
from the first one or ttro gold ring dismeters In 
the direction of d-spscing aessureaent. 
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(b) The psrsmeters of interest sre: 
e d-spaclng of spots in s horizlontsl rov: CC/X • d2 
e d-spscing of spots in the slsnt vector: CC/Y • di 
e angle ei,2 formed betveen a horizontal rov and slsnt 

vector 
• d-spscing corresponding to rov sepsrstlon ss an 

additional parameter of f:iterest: CC/Z • R. 

It should be noted thst the use of camera constsnt in the form used here 
in csleulsting di, d2, snd R, vhich sre messured in reclprocsl spsce on SAED 
psttems, sutomstlcslly converts the esleulsted numbers into reel spsce 
spacings, trhlch sre then compared to those from s suitsble stsndsrd file. 

9. Identification of Dtaknovn Fibers 

Unknotm d-spscings (di snd d2), Interrov spsclng (R), and interplanar 
angles (e) measured from zone-sxis SAED psttems of unknotm fibers sre 
compared irlth corresponding knovn vslues tsbulsted in JCPDS povder diffraction 
files, or those computed using Isttlee parameters and crystal structures of 
esndldate ssbestos mlnersls, or trlth the vslues contslned in sn intemally 
developed file from stsndsrd specimens of csndldste alnersls. Tsble 4 is sn 
exanple of the IITRI stsndsrds file (Jones et sl., 1981). Figures A19 to A22 
sre exsmples of zone-axis SAED psttems. 

Unknotms sre astched as closely ss possible to the file paraaeters for 
positive Identificstion. Botrever, considersble care and coapetent judgment 
are required in Level III eonflrmstory snslysls. For exsmple, smphlboles sre 
usually nonstochlometrle minerals, snd thus s perfect msteh msy not be possi
ble bettreen the d-spscings and interplanar angles determined from unknovn 
fibers snd those svsilsble from stsndsrd mlnersls. JCPDS Povder Dlffrsctlon 
files do not list interplsnsr angles. Since smphlboles hsve lotr-symmetry 
crystal structures, tsbulsted vslues of d-spscings snd interplsnsr sngles 
vould be extensive snd very expensive to generste, snd to get sn sceurste 
match may not be possible becsuse these tsbles sre derived sssuming certsln 
lattice parameters trhlch may not be the ssme ss those of the unknovn fibers 
being snalyzed. Given these Inherent uncertslnties, it trould seem thst use of 
intemslly developed SAED files consisting of seversl resdlly sccesslble 
orientstlons (by virtue of nstursl hsblt of amphibole fibers) from stsndsrd 
smphibole species could eliminste s lot of tedious unnecesssry trork and yet 
provide reliable data for comparieon and identificetion of unknotm fibers. 

In prsetlee, SAED analysis combined trlth qualitative EDS analysis msy 
help resolve certsln esses trhere s close msteh in d-spscings and interplanar 
angles is not possible. For difficult epeeiaens or SAED psttems of contro-
versisl nsture, s second opinion asy be necesssry, eepeeielly if a legal case 
is Involved. 
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TABLE 4. OOKPARISION OF d-SPACIN6S FROM SAED FILE 
AND POVDER DIFFRACTKW FILE (EXAMPLE) 

Amphibole 
type 

Amosite 

Crocidolite 

Tremolite 

Anthophyllite 

Zone 
sxls 

[100] 

130T) 

[101] 

[Toi] 

p i o ] 

[100] 

[101] 

[TlO] 

[30T] 

["310] 

[100] 

[101] 

[20T] 

r3oT] 

[100] 

[T42J 

Intemal Standard 

dl 
(A) 

5.3 

1.79 

4.88 

4.14 

5.22 

5.22 

4.94 

4.79 

1.75 

5.12 

5.04 

4.83 

2.59 

1.72 

~. 

4.56 

d2 
(A) 

9.14 

9.26 

9.23 

9.11 

5.13 

8.97 

9.05 

8.19 

8.97 

5.12 

9.03 

9.03 

8.97 

6.98 

—. 

4.56 

e 
(deg) 

90.0 

84.0 

74.0 

78.0 

95.0 

90.0 

75.0 

79.0 

83.5 

96.0 

90.0 

75.0 

80.5 

83.5 

90.0 

60.0 

File Data 

Interrov 
spsclng, R 

(A) 

5.3 

— 

5.17 

4.21 

— 

5.22 

5.19 

5.23 

— 

— 

~. 

— 

— 

— 

5.24 

— 

Povder 
File 

(A) 

5.22 

1.76 

4.84 

4.10 

5.22 

5.20 

5.89 

4.89 

1.76 

— 

5.07 

4.87 

2.59 

1.69 

5.28 

4.50 

Dlffrsctlon 
Data (1975) 

d2 
(A) 

9.20 

9.20 

9.20 

9.20 

5.12 

9.02 

9.02 

8.40 

9.02 

— 

8.98 

8.98 

8.98 

8.98 

8.90 

4.50 

File 
index 
no. 

17-

17-

17-

17-

17-

19-

19-

19-

19-

19-

13-

13-

13-

13-

•725 

•725 

•725 

•725 

-725 

-1061 

-1061 

•1061 

-1061 

-1061 

-437^ 

-437 

-437 

-437 

9-455 

9-455 
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.ACTION 7 

ARCHIVAL SAMPLES 

DISCUSSION OF PROTOCOL 

Samples thst hsve been collected on filter substrstes other thsn poly
csrbonste, or thst hsve been collected trlthout regsrd to filter losding 
levels, are referred to as srchivsl ssmples. These ssmples vere ususlly 
collected for other anslyticsl objectives, sueh ss for optlcsl microscopy or 
grsvlmetrlc snslysls, for defined sampling periods trlthout regard to concen
tration levels in the sir, or for collection of psrtlcles Isrger thsn 10 ym in 
dismeter. Such ssmples trere hlstorieslly collected, snd sre of vslue snd 
interest in determining the presence of ssbestos fibers snd/or structures. 
Filter substrstes deslgnsted ss srchivsl ssmples include glsss fiber filters; 
cellulose or modified psper filters; cellulose ester filters; other orgsnlc 
polyaerie aeabrsnes, such ss polyst3rrene, nylon, and polyvinyl chloride; and 
all overloaded organic polyaerie aembrane filters. 

The purpose of the prepsrstion step is to trsnsfer psrtlcles from a 
filter surfsee to an EM grid trlth a minimum of distortion in morphology and 
size distribution. The nsture of non-polycsrbonste filter substrstes or 
psrtlele losding mskes it sometimes necesssry to trsnsfer s sstlsfsctory 
qusntity of psrtlcles to s polycsrbonste filter prior to trsnsfer to the EM 
grid. At present, only trsnsfer to sn EM grid from s polycsrbonste filter hss 
been stsndsrdized. 

A modified prepsrstion technique is recoonended for srchlval samples, 
folloved by the analytical aethodology using Level I, Level II, or Level III 
effort—vith the understsndlng thst these ssmples trill indleste the presence 
of ssbestos, end eeeondsrily the number, size, distribution, snd morphology. 
The results from ssmple to ssmple are less precise due to problems in 
stsndsrdizing the prepsrstion procedures used for srchivsl ssmples. 

The archival filter eemples are prepared for analysis bssed on the 
informstion sought, type of filter msterisl, and particle loading on the 
filter. The various prepsrstion techniques for these filters Inelude: 

(1) Individual particle picking and/or reverse vsshing of the 
filter, with eubsequent flltretion of the flltrste ueing s 
polycsrbonste filter. 

(2) Collspsing the aeabrsne filter etrueture by exposure to 
eolvent vepor (surfsee fusion), to produce a aore unifora 
eubstrste for repliestion snd grid trsnsfer. 
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(3) Solublllzlng filter aaterlsl in selected solvents, 
followed by separation of particulates. 

(4) Lov tempereture sshlng (LTA). 

Two preparation methods sre recommended bssed on filter losding end type of 
filter material: surface fusion, snd LTA. 

DESCRIPTKM OF METHODOLOGY 

Because the greatest number of srchivsl ssmples hsve cellulose ester 
substrstes, this type of filter msterisl is used in exsmples describing the 
methodology. 

I. Saaples trlth Adequate Loading 

Discussion— 
As an example, ssmples collected on cellulose ester filters hsve been 

received by s Isborstory. Direct trsnsfer of the psrticulstes to the EM grid 
is possible using seetone ss the solvent in s modified Jsffe trick wssher. 
Hovever, s question srises concerning indeteralnste psrtlele loss in the 
transfer. Carbon-coating the cellulose ester filter prior to grid trsnsfer 
alnlmlzes particle loss. Botrever, this Improvement in psrtlele count is 
offset by difficulty in visuslly observing snd counting the fibrous psrtlcles 
against a replica background of the uneven eurface topography of the cellulose 
ester filter, and by indeterminate loss of very email particles hidden in the 
crevices of the uneven filter surfsee. The NIOSH method of surfsee fusion 
(Zunwalde snd Denent, 1977) is relstively relisble, snd produces s aore j 
consistent result, slthough the question of loss of the very sasll psrtlcles ~' 
hss not been resolved. LTA, described Ister in this section, asy slso be used 
for these sanples. 

Procedure— 
The NIOSH technique, e aodlfiestion of s psrtiele-trensfer technique 

developed st Los Alsaos Scientific Lsborstory (Ortiz and leoa, 1974), is 
described ss follovs: 

(1) A section of the aeabrsne filter Is cut irlth s seslpel, snd 
plsced on s clesn aicroscope slide trlth the ssapled side 
feeing up. 

(2) The cut section is fsstened on all eides to the elide trlth 
nsrrov strips of trsnspsrent tepe. 

(3) The elide, trlth the cut eection. Is exposed to ecetone vepor 
(not liquid) for epproxiastely 10 ain. The ecetone vepor 
collspses the structure of the filter end produces s fused, 
relstively eaooth-eurfeeed fila. The else of the acetone 
vepor bsth and tiae of filter response to the vspors are 
critical in obtaining the desired saooth, fused eurface; 
each laboratory aust deteraine its otm optiaua conditions. 

(4) The fused filter section is plsced on the rotstlng stsge of 
the vscuum evsporstor for csrbon-costing. 
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(5) A 3^nn-dlsmeter portion of the carbon-coated filter is 
trsnsferred to s csrbon-eosted EM grid in the modified 
Jsffe trick vssher. 

(6) Acetone is used in dissolving the fused membrsne filter. 

(7) Trsnsfer to the grid snd options for analytical efforts 
vere described previously. 

2. Samples trlth Hesvy toading 

Diecaeeion— 
As an example, eemples collected trlth s hesvy deposit of psrticulstes 

hsve been received by s Isborstory. These particulates msy be orgsnlc in 
nsture (for exsmple, pollen or soot), or of mlnersl mstter. LTA is used to 
remove the orgsnlc msterisl (filter as veil as psrticulstes), lesving the 
inorganic residue. The residue is gently resuspended snd dispersed in 
filtered distilled vster by lotr-vsttsge, short-time ultrssonlfiestion. The 
resuspension is then filtered onto s 0.1-ym (pore size) polycsrbonste 
filter. The dry, psrticulste-losded polycsrbonste filter is then csrbon-
eosted and transferred to EH grids for snalysis ss described previously. 

Lov tempereture sshers sre svsilsble trlth one, ttro, or four chsmbers. 
The follotrlng modifiestlons ainiaize contsainstion in using these tmits: 

(1) A single chaaber is dedlested for ashing ssaples for EM 
analysis. 

(2) An in-line filter is plsced in the oxygen supply betveen 
the regulstor snd entry into the asher. 

(3) For aodels trlth direct access to eablent Isborstory air on 
completion of ashing snd retum to smblent pressure, s 
filter is plsced in the inlet line to prevent Isborstory 
air from being eucked into the chamber. 

In using the single-chsmber aethod, s blsnk test tube and the sample tubes (up 
to four, for a total of five in a 10-cm-dlameter chamber) are placed in the 
chamber lengthtrlse, trlth the opening feeing the door. 

The flltrstion step is also used in diluting the inltlsl hesvy 
psrticulste losding. Flltrstion of aliquots is not recoimended to obtsln 
different levels of losding on the nev filters; s representstlve ssmple from 
eseh aliquot in the filtration of euspehsions is difficult to obtsln. 
Instesd, for hesvy losdings, different knotm areas of filter eegaents (one-
eighth, one-fourth, or one-hslf of the filter) ehould be aehed eo thet the 
entire contents of the resuspension tube can be filtered onto either e 25-aB-, 
37-mm-, or 47-am-diameter polycarbonate filter for the desired dilution. 

Distilled vster is filtered through e 0.1-ym (pom size) polycerbonste 
filter prior to use. All glsssvsre is trashed trlth eoap and water, rinsed trlth 
scld, and then rinsed trlth psrticle-free distilled wster. The dediceted esher 
chamber is csrefully triped trlth dsmp lens psper. 
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LTA _ Procedure— 
The LTA manufscturer's instructions sre follotred since the pover required 

for one, ttro, or four chsmbers, the asss (glsssvsre plus ssmple) plsced in the 
chamber, and the desired rate of ashing sil vsry. In genersl, the following 
steps sre performed: 

(1) Esch filter segment trlth s knovn deposit ares is csrefully 
plsced in s clesn test tube (13 an x 80 am) using s clesn 
tveezer. 

(2) Vlth forceps, the tubes eontslning the ssmple, and one lab 
blank (unused filter eegment of the eeme else snd type of 
filter msterisl ms the ssmple) are placed lengthtrlse, side 
by side in the chamber, trlth the mouths of the tubes fsclng 
the open end (door) of the asher ehsmber. The tubes sre 
Isid in .the center of the ehsmber trlthln the region of the 
coils surrounding the ehsmber. Up to four ssmple tubes snd 
one blsnk csn be Isid like logs inside the ehsmber. 

(3) The potrer is slovly snd csrefully incressed to prevent 
"fleshing" of the filter, vhich vould result in loss of 
ssmple. 

(4) The filter aeabrsne vsnishes in about 30 aln; ashing is 
continued for another 2 to 3 h to ensure coaplete ashing. 
The chsaber Is slovly allotred to reach aabient pressure. 

(5) The test tubes sre csrefully reaoved end pieced in e 
besker, covered, and stored on s elsss-100 clesn bench for 
resuspension. 

Resuspension (Scmlfication) Procedure— 
Ultrasonification is used in resuspending snd redlspersing the ssh ' 

resulting from the LTA. The superiority of s probe-tirpe ultrssonle device 
over s bsth-type device hss not been demonstrsted. Botrever, the criterls of 
lov energy and minimum Bonification time appear valid. The probe-type 
Instrument is aore reedily csllbrsted (desired reproducibility), but requires 
s Isrger voluae of suspension to work trlth. The bath-type instruaent is aore 
difficult to cslibrste, and le ueually of fixed wattage. A generalization is 
thst probes sre used for dispersing, bsths for cleaning. Recently, a bsth-
type ultrasonic unit (Ladd Reaearch Industries, Inc., Burlington, Veraont) 
trlth s vsrisble potrer source and tiaer has becoae evsilsble thst appears to 
hsve the advantages of both types of ultrasonic devices. 

The resuspension procedure is as follovs: 

(1) 10 aL of filtered distilled vster is sdded to eseh test 
tube. 

(2) Eseh tube is plsced in a 100-aL beaker containing 50 aL of 
water. 

(3) The beaker, trlth the tube, is plsced in the lot»-energy 
ultrssonle bsth. 
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(4) Ultrasonic energy of about 50 to 60 V (60Z) is spplled for 
3 aln. 

Filtration Procednx 
Liquid filtration of suspensions for EM exsminstion using polycsrbonste 

filters is one of the more difficult procedures to stsndsrdize. Vsristions in 
the nsture of t.ie filter msterisl, geometry snd distribution of pores, snd 
method of manufscturing mske it difficult to obtsln s uniform deposit of 
particulates on the filter. The follotrlng procedure is used for consistency 
In the flltrstion procedure: 

(1) A filtering apparatus hsving s filter size adequate for the 
desired dilution—prefersbly 25-nB or 47-sn dismeter—is 
sssembled. A polycsrbonste filter (0.1-ym pore size) is 
used shiny side up for the deposit, trlth s cellulose ester 
filter (9^m pore size) ss s bseklng filter on the glsss 
frit. 

(2) Vhile dry, the filters sre centered snd suction is spplled. 
The filter funnel is mounted on the centered, perfectly 
fist filters trlth the vscuum on. 

(3) The vscuum is then tumed off. A 2 mL smount of psrticle-
free distilled wster is sdded to the filter funnel, 
follotred by esreful sddition of oil the trster in the test 
tube eontslning the dispersed ssh. The test tube is rinsed 
ttrlce trlth psrticle-free distilled wster, and the contents 
sre csrefully added to the filter funnel. 

(4) Suction is then spplled; neither rinsing the filter funnel 
nor sdding extrs liquid is permitted during the entire fll
trstion process. 

(5) At the end of flltrstion, suction is stopped. 

(6) If possible, the filter is dried on s glsss slide or holder 
that can be placed directly in the vscuum evsporstor for 
csrbon-costing. 

(7) The dry filter is stored in e dlspossble Petri dish (tsped 
on e glsss slide), or in the specisl holder, tmtil resdy 
for csrbon-costing, grid trsnsfer, end EM enslysis. 

(8) The effective ores of the redlspersion filter snd the ores 
of orlginsl filter deposit cut for eshing aust be recorded 
(ashing fsetor) for inclusion in snslytiesl dsts reduction 
and reporting. 
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SECTKNt 8 

BULK-SAMPLE AHALYSIS 

DISCUSSION OF PROTOCOL 

Bulk eamples aay be sir ssnples collected in Isrge voluaes using electro
ststle preeipitstors, bsg collectors, or high-voluae ssaplers, for exsmple; or 
they may be original pieces of source material containing asbestos, such ss 
insulstlon, ssbestos psper products, and asbestos cement products. 

Efficient usage of the three levels of analysis requires effective com-
aunlestlon betveen those requesting sn snslysls snd those responsible for con
ducting the analysis. Personnel requesting an analysis aust ttnderstsnd the 
limitstions of esch level of snslysls by EM. For exsmple, requesting tU 
snalysis of s bulk-msterlsl (solid) ssmple, where there is asrked dlssgreement 
regarding the presence of asbestos (amphibole), and using Level I (screening) 
snalysis, sre incompstible. Bulk-material ssmples require grinding for snaly
sis; grinding requires csre to minimize such problems ss contsminstion, chsnge 
in size of the ssbestos fiber, incresse in frsgments thst aorphologlcslly aeet 
the criterls of s fiber, possible chsnge in the relstionshlp of asbestos to 
nonssbestos components, snd possible destruction of ssbestos fiber crystal
llnity. 

Follotrlng grinding, bulk-asterisl ssaples should first be analyzed by 
PLM, folloved by XRD, if necesssry. XRD provides inforastion on ssaples 
hsving ssbestos concentrstion levels of at least 2Z. PLM provides inforaation 
on asbestos snd nonssbestos coaponents, as veil es on the else of the ssbestos 
fibers in the solid-bulk phsse. The sdditionsl inforaation aids In EM 
analysis of these ssaples st the selected level of analysis. 

DESCRIPTION OF METHODOLOGY 
« 

1. Folarised Light Microaeopy 

Analysis of bulk saaples, sueh as Insulstlon aaterial, for coaponent 
identification and for deterainatlon of the type and concentration of asbestos 
present is best sccoaplished by PLM. Vith the polsrlzed light aicroscope, 
psrtlele properties—such as color, aorphology, refrsctive Index, bire
fringence (vhleh Indiestes s crystslline substsnee rsther than an aaorphous 
eubstanee), eurface texture, reflectivity, and aagnetisa—can be observed snd 
determined. Deterainstlon of sueh a large nuaber of particle properties 
sllovs identificstion of specific psrtlele types, in aost eases. For exsmple, 
emorphous slsgs snd crystslline mlnersls are common nonfibrous filler compon
ents of insulstlon msterisls thst csn be eesily distinguished by PLM. 
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2. X-Ray Diffraction Analysis 

XRD has been successfully used to measure asbestos content in both 
aerosol samples snd bulk ssmples. The reported vslues for sensitivity snd 
sccurscy vsry depending on the exsct technique, but recent reports quote 
sensitivity vslues of sbout IZ chrysotile, trheress 5Z vss more common vhen the 
technique vss first demonstrsted. Much of the improved sensitivity derives 
from ssmple prepsrstion techniques, trhlch sre importsnt in XRD, but digltsl 
dsts collection snd use of such sccessorles ss x-rsy monoehromstors to reduce 
beckground sre slso importsnt. 

Vhile IZ sensitivity has not been demonstrsted for ssbestos msterisls 
other thsn chrysotile, the ssme ssaple prepsrstion procedures sre spplicsble 
to other alnersl foras, trlth coapsrsble sensitivities expected in cases trlth 
serious interfering lines. Interferences vould hinder the snslysls for 
chrysotile as trail ss for other asbestos alnersls. Considering thst the high-
sensitivity procedures hsve been only psrtlslly demonstrsted st the IZ level, 
s sensitivity of, ssy, 2Z is probsbly s more reslistie expeetstion for 
asbestos minerals in genersl. 

3. Electron Microecopy 

For bulk-sir ssmples, esbestos analysis by EM entsils en sddition to the 
ssmple prepsrstion procedure to sttsin s representstlve povder ssmple at a 
Bultable concentration level to be placed on the EM grid. This additional 
step is simllsr to the aethod used in prepsring stsndsrds of knotm ssbestos. 
The finely divided povder ssaples sre split into representstlve frsctions, snd 
8 sasll, veighed portion is suspended in s knotm volinne of filtered distilled 
vster eontslning O.IZ Aerosol OT.* A aiid ultrssonle trestaent is used to 
disperse the psrtlcles. Different knotm voluaes of suspension sre filtered 
through 8 O.l-ym (pore size), ZS-am-dismeter Nucleporet membrane filter. The 
dried Nuclepore filter is then csrbon-eosted and transferred to sn EM grid 
using the refined Jsffe trick technique described previously. 

Bulk-solid ssmples sre gently and slovly ground to s povder for EM 
analysis to minimize locslized besting; the povder is then prepsred for the EM 
grid by the method described for bulk-sir ssmples. 

For EM snslysls of bulk-sir ssmples, a treighed portion is suspended in 
filtered distilled vster, desgglomersted in sn ultrssonle bsth, trsnsferred to 
8 volumetric flssk, snd brought to volume trlth filtered distilled trster. An 
aliquot is then filtered onto a 0.1-ym (pore else) polycarbonate filter using 
8 5.0-ym (pore size) cellulose ester filter es s bsck-up filter on the 
flltrstion sppsrstus. The dried polycsrbonste filter le then cerbon-costed. 
A 3-mm z 3-aa portion of the csrbon-eosted filter is then directly trensferred 
to 8 200-aesh csrbon-eosted copper EM grid using the refined Jsffe trick vssher 
technique. EM enslysis bssed oo Level I, II, or III effort le then perforaed. 

* Fisher Scientific Co. (Cat. no. 50-A-292), 711 Forbee Ave., Pltteburgh, Pa. 

T Nuclepore Corporation, 7035 Coaaerce Circle, Pleassnton, Calif. 

66 



SBCTION 9 

RUMERICAL RELATIORSHIPS ARD AHALYTICAL AIDS 

The fibrous structures (fibers, bundles, clusters, snd astrlees) in sn 
sir sample are to be counted, sized, end identified as ssbestos or non
ssbestos. An sir ssmple rsnging from 1 to 5 a', depending on its totsl 
suspended particulates (TSP) content (in ambient air, the average TSP is 
betveen 30 and 300 yg/m') is drsvn through a 37-am filter (effective 
filtration area of 8.6 cm^) or a 47-aB filter (effective filtration area of 
9.6 cn^). The asbestos content, unlike s prepsred Isborstory stsndsrd or 
sample, is a very snail percentage (less thsn IZ) of the psrticulste losding 
(TSP content) collected on the filter surfsee. 

Two small clrculsr sections of the filter of spproximstely 3-am dismeter 
are transferred to EM grids for trsnsmlsslon electron microscopy. Either one 
or both EM grids sre exsmlned for ssbestos content; 10 rsndom grid openings 
sre examined for esch EM grid. Esch grid opening messures spproximstely 85 yn 
x 85 un. At 20,OOOX magnlfiestion, s field of viev of 4.5 ym x 5.0 ym is used 
In the examination. This spproxlmstes to sbout 300 fields per grid opening or ^. 
3000 fields of viev per grid examined (6000 fields for tvo EM grids) if less 
than 100 asbestos structures hsd been found. Unlike s field blsnk or 
laboratory blank, the statistical signlficsnce of obtslnlng s lov ssbestos 
count in the midst of stmospherlc clutter needs to be recognized. 

LIMITS OF DETECTKM 

The minimum detection limit of the EM method for counting slrbome 
ssbestos fibers vsrles depending on the aaount of total extraneous psrticulste 
astter in the ssmple, snd on the contsminstion level in the Isborstory 
environaent. This limit also depends on the air eampling psrsmeters, loading 
level, snd EM psrameters used. For exsmple, assuming thst s fiber count hss 
an accuracy of ±1 fiber, trhen 10 full-grid openings are scanned, each grid / 'SSfg? 
opening hsving sn sversge area of 0.72 z 10"'* cm^, the detection limit is ' _ 'f'< 
determined from the equstion 

rv— .4 w i- 1 Ares of filter (em^) Detection limit • — z ^ , 
10 0.72 z 10 <» (em2) Volume of sir (m') 

The minimum detection limit, then, is lotrer for very dilute eemples. 
Examining full-grid openings lesds to s lover vslue of the ainiaua detection 
llnlt becsuse of the Isrge ores sesnned, es coapsred vlth the field of view 
aethod. Vlth s given ssaple, the detection Halt csn be lotrered considersbly, 
but the required experiaentsl effort Ineresses. The guideline of using 10 

67 

j y " 



full-grid openings represents s judicious compromise betveen s ressonable 
experimental effort and a fairly lov value of the detection limit. However, 
using two or more TEM grids reduces the detection limit further snd improves 
the precision of the estimates. 

STATISTT' :AL METHODOLOGY 

Several ststlstlcsl strstegles hsve been used to chsrscterize slrbome 
ssbestos distributions snd estimste the sbundsnee of asbestos fibers in s 
given sample. These methods rsnge from siiaple tsbulstion of observed frequen
cies of fibers seross grid opening ssmples to the fitting of ststlstlcsl prob-
sblllty distribution sueh ss the Poisson. This ststlstlcsl section outlines s 
general methodology for fitting observed dsts to s ststlstlcsl probsbillty 
distribution (either Poisson or normal depending on the fit of the former). 
The mesn snd 95Z confidence Interval are then estimsted snd used for the 
purpose of ssmple tleseription and dratrlng inference regarding the abundance of 
airbome asbestos fibers in the environment in trhlch the eamples trere 
obtsined. 

As sn illustrstlon, consider che hypothetical data in Table 5. 

The expected number of grid openings vith no fibers is: 

He"" - (98) (e-3'0204j , 4.7905 

The expected number of grid openings trlth 1, 2, 3, ... fibers sre found by 
multiplying Ne^ by u/r , i.e., 4.7806 x 3.0204, 4.7806 x 3.0204/2, 4.7806 x 
3.0204/3, successively. 

To test the fit of the Poisson distribution to the observed dsts tre 
compute s chi-squsre ststistic, x^ ' Z (observed - expected)2/expected » 8.26. 

Since there are nine different observed frequencies (i.e., numbers of 
fibers) there sre 9 - 2 <• 7 degrees of freedom (since tre estimate one 
parameter). The probability of x^^ • 8.26 is p • 0.4; therefore, tre conclude 
thst the Poisson distribution fits the observed dsts. 

In certain cases, the observed frequencies trill not hsve e Foieson 
distribution (as deterained by the previously described chi-squsre ststistic). 
In this case tre estiaste the aeen (X), vsrisnce S^, and 95Z confidence liaits 
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TABLE 5. HYPOTHETICAL DAIA 

No. of fibers 
on grid 1 
opening 
(r) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 or 

Tbtsl 

aore 

Observed* 
frequency (f) 

3 

17 

26 

16 

18 

9 

3 

5 

0 

It 
0 

_0 

98 

Expected Observed 
frequency - expected 

4.78 

14.44 

21.81 

21.96 

16.58 

10.03 

5.04 

2.18' 

0.82 

0.27 

0.08 

0.03. 

98.0 

-1.78 

+2.56 

+4.19 

-5.96 

+1.42 

-1.02 

-2.04 

+2.84 

1.20 -0.20 

Probability 
(r) 

.049 

.149 

.224 

.224 

.168 

.101 

.050 

.022 

.003 

* The number of grid openings shoving thst number of fibers. 

t Ve combine sdjscent frequencies to get s ainiatm of 1 fiber per group. 
Assuming s Poisson distribution, the aesn is u - z fr/zf " 296/98 - 3.0204. 
That is, the sum of the product of the observed frequencies and number of 
fibers divided by the sum of the frequencies. 
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assuming normality. The 95Z confidence limits sre computed ss s function of 
the sample vsrisnce and t distribution. 

k n 
n I X2 - [I X.)2 

S2 .-±±-1 -̂1 
n(n - 1) 

vhere k is the number of grid openings, n is the total number of fibers found, 
and Xĵ  is the number of fibers found in grid opening 1. 

The 95Z confidence limits sre given by 

X * ^ 
/E 

trhere t is the-vslue of the tvo-tslled t distribution for probsbillty p <.025 
snd n - 1 degrees of freedom. 

1. 95Z Confidence Liaits for a Poiaeon Variate 

To generate a level of confidence regarding our estiaste of the nuaber of 
ssbestos fibers per grid opening, s 95Z confidence Halt csn be derived. For 
counts of 0 through 20, Tsble 6 asy be used. 

For exsmple, if out of 20 grid openings 15 fibers sre found, the 95Z 
confidence limits sre obtsined by tsking the lover and upper bounds from Table 
6 as 8.40 snd 24.74. Then per grid opening, the 95Z confidence limit is 
8.40/20 to 24.74/20, or 0.42 to 1.237 fibers per grid opening. 

For counts grester thsn 20, s simple normsl spproximstlon is computs-
tlonslly convenient. The normsl approximstion is A * L ± x * (^) trhere L is 
the observed count, Sĵ  is /T , and x* !> 1*96 or 2.58 for the 95Z or 99Z 
confidence limits, respectively. 

For exsmple, if 35 fibers trere observed from inspection of 20 grid 
openings, L - 35, Sr - /33 - 5.91, X - 35 ±1.96 (5.91) - 23.4 to 46.6 > 
23.4/20 - 1.38 to 46.6/20 - 2.74 fibers per grid opening. 

2. Conperleoo of TWo Fpiesoo Veriatce 

In certain caees, a nev test ssmple is compsred to s "blsnk" or "control" 
ssmple. Tsble 7 gives those differences bettreen control and test ssmples thst 
sre significsnt st the 5Z level. 

Inspection of Tsble 7 revesls thst the ainiasl detecteble difference 
betveen test snd control ssaples is 5 fibers in the test saaple and 0 fibers 
in the blanks. Typicslly, inspection of 20 grid openings for s blsnk control 
reveals betveen 0 and 5 fibers. At the upper bound (i.e., 5 fibers in s 
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TABLE 6. 95 PERCENT CCMFIDENCE LIMITS 

No. of Fibers 

0 

1 

2 

3 

4 

5 

6 

7 

8 ' 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

95Z 
Lover 

0.000 

0.0253 

0.242 

0.619 

1.09 

1.62 

2.20 

2.81 

3.45 

4.12 

4.80 

5.49 

6.20 

6.92 

7,65 

8.40 

9.15 

9.90 

10.67 

11.44 

12.22 

Liaits 
Upper 

3.69 

5.57 

7.22 

8.77 

10.24 

11.67 

13.06 

14.42 

15.76 

17.08 

18.39 

19.68 

20.96 

22.23 

23.49 

24.74 

25.98 

27.22 

28.45 

29.67 

30.89 
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TABLE 7. CORTROL ARD TEST SAMPLE DIFFERENCES 

Fiber Count Fiber Count 
Control 

0 

0 

0 

Test ssmple 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Control 

6 

6 

7 

7 

7 

8 

8 

9 

9 

10 

10 

10 

11 

11 

12 

12 

13 

13 

13 

14 

Test ssmple 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
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control sanple), 18 fibers in the test ssmple sre required for ststlstlcsl 
significance. This (estimate of 18 fibers may prove useful for estsbllshlng an 
asbestoE detection limit criterion. 

MAGNIFICATION CALIBRATI(»f 

The follotrlng steps should be performed to cslibrste the asgniflcstion of 
the EM: 

(1) Align the EM using the asnufscturer's instructions. 

(2) Insert aag-callbratlon grating replica* (trlth 54,864 lines per 
inch, or 2160 lines per am) in the specimen holder. 

(3) Switch on the besm, obtsln the image of the replica grating st 
20,OOOX magnification (or st the asgniflcstion st trhlch the 
ssbestos samples trill be analyzed), and focus. 

(4) If the fluorescent screen hss scribed cireles of knotm 
diameters, allg^ one line tsngentlslly to the circumference of 
one circle using stsge control. Count the nuaber of lines in 
8 dismeter perpendleulsr to the lines. In most esses, the 
other end of the diameter trill be betveen the n^" and n^^ + 1 
line. The fractional spsclng csn be estimsted by eye. 
Altemstlvely, the sepsrstlon bettreen lines csn be estimsted 
using the scribed eircles. 

(5) If X line spscings spsn Y am on the fluorescent screen using 
this grstlng replica, the true magnlfiestion, M, is given by 

„ Y X 2160 

The readings should be repested at different locations on the 
replies, and the average of about alx readings should be tsken 
ss the representstlve or true asgniflcstion for thst setting 
of the EM, ss in the follotrlng exsmple: 

* For exanple. Cat. no. 1002, E. F. Fullsm Co., Schenectsdy, N.Y. 

73 



Line Spscings, 
X 

9.5 

9.3 

7.0 

8.8 

9.0 

9.0 

mm on Screen, 
Y 

83 

80 

60 

80 

80 

80 

Msgnlficstion, 
M 

18871 

18580 

18514 

19636 

19200 

19200 

Aversge: 19000 

On most EM'S trlth Isrge (18-cm dismeter) fluorescent screens, the 
msgnlficstion is substsntlslly constsnt only trlth the centrsl 8- to lO-em-
dlsmeter region. Therefore, cslibrstion messurements should be asde trlthln 
this smsll region and not over the entire eereen. 

PREPARATIOH OF BLARES 

Even after taking the utmost preesutlons to avoid asbestos contsminstion, 
the possibility of some contsminstion csnnot be ruled out. Contsminstion 
should be checked perlodlcslly by running field blsnk ssmples in sddition to 
Isborstory blsnks. Field blsnks should be analyzed prior to laboratory 
blanks. A blSnk ssmple msy consist of s clesn filter subjected to sil the 
processing conducted for an actual air aample. This processing msy include 
sshlng, resuspension, redeposltlon, csrbon-costing, trsnsfer to s TEM grid, 
snd TEM exsminstion. 

Vhen snslyses of blsnk ssmples shov significsnt bsckground levels of 
asbestos, these should be subtrscted from the vslues obtained for field 
ssmples. Also, the ainiaua detection liait asy be esleulsted ss tviee or 
three tlaes the stsndsrd devistion of the blsnk or background value. 

USE OF COMPUTERS 

Dsts reduction is fsellitsted by coaputers. (kaiputer printouts can be 
used in reports. Eseh Isborstory should develop eoftvsre euitsble for its 
needs as well as to aslntsin basic Inforaation, sueh as fiber, areas exsmlned, 
volume/msss of esmple, and else dletribution, for poesible Interlsborstory 
compsrlson. 

Appendizes B and C preeent eemple printouts from Level I end Level II 
analyses, reepectively. 
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APPENDIX A 

FIGURES 

Figure Al . Vscuum evapora tor , 

76 



S J 
•sl 

(a) 37-ntm diameter. (b) ̂ 7-1"" diameter. 

Figure A2. Multiple coating arrengement in evaporator. 



(a) Modified A7-nitrdIameter Pe t r l - s l ides. 

(b) 37-nwTrdiBmeter essse t te . 

Figure A3. Close-up of multiple coating arrangement. 
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(c) Detai ls of placing the specimen for washing. 

Figure A4. Modified J a f f e v l ck washer method (ske tch) 
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Figure A5. Modified Jaffe wick washer. Figure A6. Transmission electron microscope. 



Count ss one f ibe r : 

Count as too f ibers (space bett^en f ibers grester then the width of one f i be r ) 

Count as three fibers: 

Count as bundles: 

Count es cluster/clump: 

Count es matrtx/debrts: 

X) 
^ 

Figure A7. Morphology and counting guidelines used 
in determining ssbestos structures. 
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Figure A8. Level I data sheet (example). 
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T i l t Area of Fluorescent Screen 

Fourth 
Pass 

Figure A9. Scanning of full-grid opening. 



Figure AIO. Transmission electron microscope 
vlth energy dispersive spectrometer. 
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EM OATA RCPORT 

1. 

2. 

Satnple Number: R09-2865 

IITRI Sample No.: 0010-1659 

Sample Type: Bulk, A i r , Water, 

F i l t e r Type: UnrUpnrp 

Volume of Fluid Sampled: fj/\ 

Total Number of Structures: 

— 

Misc. 

Total Number of Asbestos Structures: 

2.1 Chrysoti le ^S, 

2.2 Amphibole 5 

Haiti Analyzed: 

Date Sample Received:^ 

( c i r c le one) 

Area of F i l t e r Deposit 

Mass Oeooslted: 

101 

93 

3/26/81 
1/30/81 

(cm'): 8.6 

'NA 

4. 

5. 

6. 

7. 

Croc1do1Ue_ 

Tremblite 

Amosite 

Anthophyllite, 

Actinolite 

Non-1 dentity_ 

2.3 Non-Identity 8 

Asbestos Structure Description 

3.1 Total Number of Fibers: 

3.1.1 Chrysotile 
-BL 
JQ. 

Fiber Length; Range (um) .31 - 2.25 

Fiber Diameter; Range (um) .06 -

Aspect Ratio; Range (um) 3.5 -

3.2.2 Amphibole 6 

.21. 
31.0 

Fiber Length; Range (um) .31 - 2.19 

Fiber Diameter; Range (um) .06 - .31 

Aspect Ratio; Range (um) 5.0 - 10.0 

3.2 Total Number of Bundles: 5 

Mass (ng)_ 

Mass (ng)_ 

Mean (um)_ 

Mean (um)_ 

Mean {um)_ 

Mass (ng)_ 

Mean (um)_ 

Mean (um)_ 

Mean (um) 

3.3 Total Number of Clusters/Clumps: 

3.4 Total Number of Matrix/Debris: 1 

_,M8SS (ng)_ 

.Mass (ng)_ 

_,Mass (ng)_ 

Area of Filter Sample Analyzed, (cm'):_ 

Total Mass of Asbestos Analyzed (ng):_ 

Number of Pictures Attached: 2 

•0007225 

• 0025 

.0016 

• 0010 

0.7B 

JL2L 
11.00 

• 0006 

1.00 

0,15 

6.40 

.0007 

.0002 

negligible 

Qualitative Description of Non-Asbestos Particles Few, small particles-

non-descriptive 

8. CoBHientt; Particulate loading OK. 

Figure A13. EM data r e p o r t (example) 
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SAMJ>LE SUMMAHy KLI'OKI 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

e. 

_ 

Sample Number: R09-2865 Date of Rcpoi 

IITRI Sample No.: cpiO-1859 Date Sample 1 

Sample Type: Bulk, p r i ^ ^ Water, Misc. ( c i r c l e one) 

r l : 

leceived:_ 

F. l ter Type: fjycleP'?'"? *rea of F i l t e r Deposit 

Volume of Fluid Sampled: NA Mass Deposited: NA 
• • ~ " ' ~ " ^ ~ ^ ^ ~ " 

Total Number of Structures: 1.202.215 

Total Number o f Asbestos Structures: 1.106.990 

2.1 Chrysoti le 1,047.474 

2.2 Amphibole 59,516 

Crocidol i te 59,516 Anthophyl l i te 

Tr«mo1ite Ac t i no l i t e 

Amosite Non-Identity 

2.3 Non-Identity 95,225 

Asbestos Structure Description 

3.1 Total Number of Fibers: 1,011,765 Mass 

3.1.1 Chrysoti le 95?.?49 Mass 

Fiber Lenqth; Range (um) ^ \ . 2 . , ! ^ ''can 

Fiber Diameter: Range (um),^^ - . . 25 ***•" 

Aspect Ratio; Range (um) 3^5 - J L . 0 '**•" 

3.2.2 Amphibole 59.516 Mass 

Fiber Lenqth; Range (um) ^31 - _ 2 , l i Mean 

Fiber Diameter: Range (um).06 - ^ ^ Mean 

Aspect Rat io; Range (um) 5.0 - 10.0 Mean 

3.2 Total Number of Bundles: 59.516 ,1 

3.3 Total Number of Clusters/Clumps: 23.806 .1 

3.4 Total Number of Matr ix/Debris: 11.903 .1 

• 

(ng) 

(ng) 

(um) 

(um) 

(um) 

(ng) 

(um) 

(um) 

(um) 

lass (ng)_ 

lass (ng)_ 

lass (ng)_ 

Area of F i l t e r Samole Analyzed, (cm*): .0007225 

Total Mass of Asbestos Analyzed (ng): 29. 

Number of Pictures Attached: 2 

Qual i ta t ive Description o f Non-Asbestos Part ic les 

Non-descriptive 

Conments: Part iculate loading OK. 

5 

Few, sma 

4/1/81 

1/30/81 

(cm»): 8.6 

19,00 

11.90 
0.78 

0.(37 

n.oo 
7.14 

l . P O 
0.15 

6.40 

8.30 

2.10 

0.10 

11 p a r t i c l e s " 

Flgure A14. Sanple siiqmary report (example) 
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(a) Effects of tilting. (b) Fiber alignment. 

Figure A15. Effects of tilting snd alignment of fiber. 

Figure A16. Method of measuring tvo perpendicular diameters for each ring. 
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^0 
O 

*'»ta/ 
/lev 

Draw 0, Ist, 2nd, ... order of horizontal r o w s — 
perpendicular separation between horizontal rows. 

Figure A17. Method of recognizing a horizontal row of spots. 



Perpendicular 

Slant Vector 

«o Horizontel Row 

Draw the Oth horizontal row. 

Draw a perpendicular through the origin. 

Join the origin to the first spot to the right 
of the perpendlculer In the 1st row and extend 
the line to measure the acute angle 6 of this 
line from the Oth row. 

Figure A18. Relationship of di, dj, 0i,a, snd R. 



(a) Zone axis [lOO]. (b) Zone exis [SO'H. 

(c) Zone axis [lOl]. (d) Zone axis tToi]. 

Figure A19. Typical Zone-axis SAED pattems from emosite etandard epecimen. 
(Jones et al., 1981) 
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(e) Zone axis [lOO]. (b) Zone exis [lOl]. 

(c) Zone exis [TlO]. (d) Zone exis [30T]. 

Figure A20. Typical sone-axls pstterns from crocidolite etandard epecimen. 
(Jones et al., 1981) 
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(a) Zone axis [lOO]. (b) Zone exis [lOl]. 

(c) Zone exis [ZOT]. (d) Zone axis [30T]. 

Figure A21. Typical rone-axis pattems from tremolite etandard specimen. 
^ (Jones et al., 1981) 
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(a) Zone axis [lOO]. (b) Zone axis [PtZ]. 

l l t b i j fiNTHOP C2 
. fiDD .eieKEV.-'CH 

fr:ft 

(c) Commonly observed orientetion. (d) EDAX. 

Figure A22. Typical SAED pattems and EDAX spectrs from anthophyllite stsndsrd 
specimen. (Jones et al., 1981) 
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APPEND II B 

COMPOTBt FRUITOOT OP LX?KL I ANALYSIS (EXAMPLE) 

IIT RESEARCH INSTITUTE STRUCTURE ANALYSIS PATA 
INDIUinUAL OBJECT PATA TADLE <F«FIPER, P>PUNPLEf C^CLUSTER* N«HATRIX) 
TABLE PREPARATION PATE I 21-APR-81 

SAMPLE COPEt 

Size (Nlcror>) Hass (Picasram) 
Mot No 

lO 

urn 
Opn 

1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
7 
7 
7 
n 
e 
9 
12 
12 
12 
13 
13 
13 
14 
14 
14 
15 
15 
1« 
16 

ObJ 

1 
2 
3 
4 
5 
6 
7 
8 
V 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
2t 
22 
23 
24 
25 
26 
2? 
:'o 
;"y 

str 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
r 

Peiith 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
OtOOO 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
<».1'00 

Uidth 

0.107 
0.125 
0.500 
0.437 
0.2S0 
0.375 
0.750 
0.A2S 
0.937 
0.125 
0.250 
0.812 
0.312 
0.A25 
0.625 
0.250 
0.187 
0.625 
0.312 
0.187 
0.437 
0.312 
0.562 
0.062 
0.18/ 
1.562 
0.937 
0.7R0 
O.2S0 

Lensth 

1.38 
0,75 
8.12 
2.81 
0.V4 
2.19 
3.25 
7.81 
3.00 
1.25 
9.37 
6.00 
3.63 
5.94 
3.12 
2.50 
0.94 
3.44 
1.R7 
1.00 
3,88 
S.OO 
3.06 
0,69 
3.:in 
5.00 
3.75 
6.:m 
1.S6 

Ratio 

7.3 
6 . 0 
16.3 
6.4 
3..' 
5.8 
4.3 
12.5 
3.2 
10.0 
37.5 
7.4 
11.6 
9.5 
5.0 
10.0 
5.0 
S.S 
6.0 
5.3 
8.V 
16.0 
5.4 
11.0 
18.0 
3.2 
4.0 
O.S 
A.:-

.786 

. :.'60 

.307 

0.046 
380 

.464 

.164 

0.083 

.150 

0.280 

X 
X 

X 
X 
e 

X 
X 

X 
X 
t 

X 
X 
X 
« 
X 
. 
X 
« 
X 
X 
• 
X 
X 
X 
X 



APPENDIX B (Cont inued) 

l l T RESEARCH INSTITUTE STRUCTURE ANALYSIS PATA 
SINGLE SAMPLE SUMMARY TAPLLS 
SAMPLE CODEI TAPLE PREPARATinN HATE: ? l - A P R - n i 

s=3ssaes a s s a e s s m n v s n e e s = 9 s c s e = s s t= = = s— 

A«rosol Object Count And CAlculnted Object Hass rharscterlstics 

ô 

O b j e c t 
S t r u c t u r e 

F iber 

T«(P» 

C h r < 4 s o i l l e 
A n p h i b o l e 
O i h e r 

A l l F i b e r 

A c i u a l 
O b J p c i 
C o u n t 

0 . 
1 2 . 
2 2 . 

3 4 . 

Numbe r 
C o n r r n . 
< Numbe r 
P e r r.i J M) 

0 , 
0 3 0 4 . 

1 5 2 2 5 . 

2 3 5 2 9 . 

H a s s 
C o n c e n . 
( f ' i r o « l r » i » 
P e r K,j H) 

0 , 0 
1 9 1 5 5 . 4 

A v e r a g e 
U i i r l i h 
( M i c r o n ) 

0 , 0 0 1 0 , 0 0 
0 . 3 0 1 0 . 2 1 
0 . 4 6 1 0 . 3 7 

0 . 4 3 * 0 . 3 2 

Avere f le 
L e n g t h 
( M i c r o n ) 

0 , 0 0 i 0 . 0 0 
S.20 1 4 . 5 0 
L'.B7 1 1.96 

3.V.9 1 3 .24 

Average 
Le f i ! l i h 
To U l rJ ih 
R a t i o 

0 . 0 0 -k 0 , 0 0 
15..<5 113 .02 

7 .B1 1 5 .03 

10 .47 * 9 . 2 7 

Snmele Colleciion and PrePBrailnn Paia 

Air Volume 
Pepcsii Ares 
Ashed Area 
Redeposii Area 

1.00 Cu H 
1.00 So Cm 
1.00 V.o Cm 
I.OO So Cm 

Grid Pata 

Grid IPJ r'250l/P-0,P-9 
Individual Grid Upertinrt = 0.000072 
number of Grid OpehiriSs = 20 
film .Ma«ln(fication = irOOOO 

So Cm 



APPENDIX B (Continued) 

IIT RESEARCH INSTITUTE STRUCTURE ANALYSIS PATA 
INPIVIPUAL OBJECT PATA TAPLE (F'FIBERt pi=BUNPLE, 
TABLE PREPARATION PATE I 21-APR-ei 

C«CLUSTER» MaMATRIX) 

cEseaai ssssasaaeeaassseisctcssaasaKaaasaaasaaaaaaaBaaaeaaaaaaaaaBasaa 

SAMPLE COPEI 

00 

Size (Nleron) Hass (PicoSram) 
Ord Not No 
Oer. ObJ Str Pepth Width Lensth Ratio Chr<^sotile Amehibole Ambis Asbe Pail X-Rau 

16 
17 
19 
19 
19 

30 F 
31 F 
32 F 
33 F 
34 F 

0.000 0.375 
0.000 0.250 
0.000 0.187 
0.000 0.062 
0.000 0.187 

16.88 
1.56 
1.44 
1.69 
1.94 

45.0 
6.2 
7.7 

27.0 
10.J 

total Hass (Pico<fram>a 
Toial Count <= 

0.000 

5.591 

0.160 

27.680 
12. 0. 

X 
. X 
X 

22. 0. 



APPENDIX C 

COMPOTBR PRINTOUT OF USVRL II ANALYSIS (RXANPLK) 

IIT RESEARCH INSTITUTE STRUCTURE ANALYSIS PATA 
INPIVIPUAL OBJECT PATA TABLE (F«=F1PER, B^BUNPLE. C=CLUSTER. H-HATRIX) 
TABLE PREPARATION PATEt 21-APR-Ol 

BsaasaaaaasBssBseaesaKc: s r? s s s :< a; s s a s s a s s s K e c s a s a e s a a s a e a a a s a a a s c f s s a a a a s s : 

SAHPLE COPEi 

«o 
vo 

Size (Hlcron) Hass (Picosram) 
Not No 

0.0598 

p n 

1 

1 
3 

3 

4 

5 
5 

6 
/ 
7 
7 
7 
8 
8 

9 
10 
10 

ObJ 

1 

2 
3 

4 

5 

6 
7 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 

S i r 

F 

F 
F 

F 

F 

F 
F 

F 
F 
F 
F 
F 
F 
F 

F 
F 
F 

Pep ih 

0 .000 

0 .000 
0 .000 

0 .000 

0 .000 

0 .000 
0 .000 

0 .000 
0 .000 
0 .000 
0 ,000 
0 ,000 
0 .000 
0 .000 

0 ,000 
0 ,000 
0 .000 

Uid ih 

0 .125 

0 .562 
0 .625 

0 .375 

0 .250 

0 .062 
0.1B7 

0 .125 
0 .125 
0 .937 
0 . 6 2 5 
0 .312 
0 .375 
0 .187 

0 .437 
0 .250 
0 .250 

Lensih 

1.63 

1.87 
5 .31 

4 .06 

1.44 

0 . 5 0 
3 ,00 

1.87 
0 . 6 9 
5 .00 
5 .00 
2 .81 
2 .69 
1.56 

1.63 
1.56 
2 . 3 8 

Rat io 

1 3 , 0 

3 . 3 
8 . 5 

1 0 . 8 

5 . 8 

8 . 0 
1 6 , 0 

1 5 . 0 
5 . 5 
5 . 3 . 
0 . 0 
9 . 0 
7 . 2 
8 . 3 

3 . 7 
6 . 2 
y.r. 

Total Mass (Pico^ram): 
lotaI Count 

OOOO 

1.3977 
4.8892 

1.3460 

0.7117 

o!2485 

0.1294 

0.2822 
7. 

X 
y. 
X 
X 
•< 
X 

X 
X 
X 

X-Ray 

H0(9) SI (19) 
CA(7) FE(7) 
TCGU 
HG(35) 
CAOS) 
M0(19) 
CA(22) 
H0(66) 
FE(28) 

H0<57) 
CA(43) 

S K l l O ) 
FE(IV) 
SI (59) 
FE(21) 
S l (152) 

SI (170) 
r n < i A > 

H0(15) SI(51> 
CA(18) IC(6> 

0. IOI 0. 



APPENDIX C (Continaed) 

IIT RESEARCH INSTITUTE STRUCTURE ANALYSIS PATA 
SINGLE SAHPLE SUMMARY TABLES 
SAHPLE COPEt TABLE PREPARATION PATEt 21-APR-OI 

Aerosol Object Count And Calculated Object Hass Characteristics 

Object 
Structure 

Fiber 

Twpe 

Chrvsotiie 
Amphibole 
Oiher 

All Fiber 

Actual 
Object 
Count 

0. 
7. 
to. 

17. 

Number 
Concen. 
(Number 
Per Cu H) 

0. 
9689. 

. 13841. 

23529. 

Hass 
Concen. 
(Pico<ira» 
Per Co H) 

0.0 
11463.3 

Averaae 
Uidih 
(Hicron) 

0.00 i 0. 
0.33 1 0( 
0.35 i 0. 

0.34 1 0( 

.00 

.20 

.27 

.23 

Averaae 
Lensth 
(Hicron) 

0.00 1 0. 
2.70 i 1, 
2.41 :l 1 

2.53 i 1 

.00 

.50 

.56 

.49 

Averaae 
Lensih 
To Uidih 
Ratio 

0.00 i 
9.39 i 
7.75 i 

e.42 k 

0. 
4. 
3. 

3. 

.00 

.29 

.11 

.61 

o 
o 

Sample Collection and Preparation Paia 

Air Volume 
Peposii Area 
Ashed Area 
Redeposii Area 

1.00 Cu H 
1.00 Sa Cm 
1.00 Sa Cm 
1.00 So Cm 

Grid Paia 

Grid IPt 22581/P-7 
Individual Grid Open^nS 
Number of Grid Openin.ts 
Film Hasnificaiion 

0.000072 So Ce 
10 
20000 
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TEM ANALYSIS METHOD 

Developed by Steven Hayward (DHS) 
Containing low-magnification scan step to 

identify large fibers used in Phase II 
duplicate analysis 
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AIHL METHOD (Draft) Limited Distribution 
Not for Publication 

ASBESTOS IN AMBIENT AIR 

Analyte; Ad>estos (asbestos fi-

bers/m , free asbestos fi-

bers/m , asbestos struc

tures/m , ad>estos mass/m 

and "LOM countable** as

bestos Ubersfrrr) 

Application; Indoor artd Oitdoor Air 

Pollution 

Matrix; Air 

e 

Procedure; Transmission Electron Mi

croscopy (TEM) with Elec

tron Diffraction and Energy 

Dispersive X-ray Spectro

metry (EDS) 

Date Issued; 3uly 198b 

Range; 7x10^ - 7x10^ libers (free r 
•5.. .- '• 

fibers, structures)/m ; 300 r 

7x10* LOM countable -fi-

bers/m^l 0.008 - ? ngfrrr 

Precision; Coefficient of variation (CV). 

ranges from approximately 

44% for 5 free asbestos fi-

bers (structures) counted to 

approximately 1196 ior 100 

free fibers (structures) 

counted. .The CV cf the total 

fiber'count, increases from 

tiiese values witii the 

.proportion of fibers attached 

to air particles. 

Collaboratively Tested; No 

• • 



1. CENERAL DISCUSSION 

<•; 

1.1 BACKGROUND 

Ad>estou has come to be recognized as a ubiquitous environmental 

i ) contaminant. Its presence in water, soil, and especially air has become evident 
• e 

In the last few decades. In tiie past, attention has focused primarily on 

a^estos exposure In the workplace. It is in tiiis setting that mudi has been 

learned about tiie healtii effects of inhaling asbestos fibers. 

Through the monitoring efforts of the Occupational Safety and Health 

Administration (OSHA), much is known about present day asbestos exposure; 

in industries where asbestos Is used commonly. These monitoring efforts 

• have used the NIOSH recommended method, I.e., cellulose ester filter sampling 

with phase contrast light microscopy for analysis. (Ref. 4.1 and 4.2). In 

these methods it Is stated explicitly that the fiber count is an index of 

exposure only* For the latest method .(Ref. 4.2), the lower limit of sensitivity 

Is approximately 0.1 fibers/cm air. This level is considered quite low for 

the asbestos industries. However, it appears that in the absence of local 

sources, ambient levels of airbome asbestos are many orders of magnitude 

lower than this leveL Environmental health professionals are faced with the 

tadc of evaluating ambient air levels which may be significantly elevated 

with r e j e c t to tiiis *background'* level, due to the presence of a local source, 

but which may still be lower tiian 0.1 fibers/cm' when analyzed by the 

NIOSH phase contrast method. According to recent risk estimates by OSHA 

and the Federal Consumer Products Safety Commission (CPSC), lifetime 
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exposures to airbome levels below 0.1 fibers/cm^ can still result in many 

additional cancer cases per 100,00 population. (Ref. 4.3 and 4.4). Thus such 

exposures, if they do occur, can still be of substantial public healtii concem. 

The problem of measurement sensitivity cf the NIOSH method has been 

overcome in some individual cases by simply increasing tiie volume of air 

sampled, and/or increasing the area of the filter analyzed. However, tiie 

phase contrast method has two other fundamental limitations. First, only 

tiiose fibers thicker than some value between 0.2 and 0.4 micrometers (due 

to the resolution limitation of the light microscope) can be detected, and 

second, fibers below 1 or 2 micrometers in tiiickness cannot be positively 

identified and so must be counted whether tiiey are asbestos or not. 

The best altemative to NIOSH's phase contrast method for environmental 

analysis is transmission electron microscopy (TEM) following sampling through 

a polycarbonate membrane filter. This metiiod overcomes the two principal 

drawbacks of tiie phase contrast method: all sizes of fibers can be detected, 

and all asbestos fibers can be distinguished from other types of fibers. 

Several versions of TEM methodologies for airbome asbestos analysis have 

l>een published. (Ref. 4.5, 4.6 and 4.7). This method incorporates aspects 

of all of tiiese, although the primary reference is the method developed by 

Yamate under contract to the EPA (Ref. 4.6). The major improvement 

incorporated herein is the low magnlficaticn_ai]Alysis designed to mimic counts, 

obtained by the NIOSH phase contrastjrnethodji_Eesults usin;̂  low magnification 

analysis t»ve_j»t_yet. been.dircctty_jpomparedJ^^ using _the_NIOSH_ 

method on replicateVeal world samples. However, intemal consistency within 
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the TEM low magnification analysis (see Ref. 4.8) is all that is required for 
a 

results to be compared from sample to sample. Results of future work / 

comparing this analysis with the phase contrast metiiod in cases where all / 

fibers are known to be asbestos will determine how to compare TEM results | 
I 

with phase contrast results, allowing them to be used to assess healtii risks. I 

Sampling will not be discussed in this method. Instead, the sampling protocol 

developed for Alviso, CA has l>een included as Appendix A. It is assumed 

that the sample will have been acc|uired on a 0.2 or 0.4 pore size polycarbonate 

filter (37 mm diam.) and has been transported to tiie laboratory in the 

polypropylene (dichotomous sampler) filter cassette enclosed in a plastic petri 

d i ^ . 

This method covers all aspects of sample preparation, analysis, computation, 

and reporting of results. Precision based on comparisons of counts in different 

grid windows is discussed. However, accuracy is more difficult to assess. 

It is expected that interlaboratory comparisons will be carried out on a subset 

of all samples. 

1.2 Limit defining parameters 

Throughout this protocol, the analyte air concentrations listed are based on 

minimum and maximum air volumes of 1.8 m (flowrate « 15 L/min, 2 hour 

sampling time and 9.6 m^ (flowrate B 20 L/min, 8 hour sampling time), filter 

area of 855 mm (37 mm filter holder), and 300 mesh electron microscope 

grids (grid opening area approx. 0.0032 mm ). Other mesh size grids can be 

substituted, as long as the total area analyzed is kept approximately the 

same. 
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1.2.1 Detection limit of the analytical procedure 

The detection limit of the analytical procedure is 5 fibers (structures) 

r.; In all grid windows counted. This is the number at which the lower 

95% confidence limit due simply to Poisson counting statistics is 

«.; equal to one fiber. 

1.2.2 Detection iimit of the overall procedure 

The detection limits of the overall procedure are approximately 7x10^ 

3 2 

asbestos fibers (or free fibers or ad>estos structures)/m and 3x10 

NIOSH equivalent fibers/m\ (See Sections 3.2.2.7 for definitions). 

These are the values equivalent to the detection limit of the analytical 

procedure assuring a maximum air volume of 9.6 m . The mass * 

concentration detection limit is approximately 0.008 ng/m • This 

assumes, in addition to tiie above assumptions, tiiat all fibers are 
chrysotile, having a diameter of 0.04ym (a typical chrysotile fibril 
diameter) and a iengtii of 0.4 ym. 

1.2J Reliable quantitation limit 

The reliable quantitation iimit is unknown because tiie intralaboratory 

precision is unknown. However, if the precision due simply to Poisson 

counting statistics is required to give CV B 12.5%, then 64 fibers 

must be counted. Assuming the maximum air volume, the reliable 

quantitation limit based solely on counting precision is 9x10 asbestos 

fibers (free fibers, structure$)/m' and 3.6xlo' NIOSH equivalent 

fibers/m'. 
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1.2.4 Precision 

Data from tiie analyses of seven air samples from Alviso, CA were 

used to evaluate the precision of the method. Total fiber counts 

ranged from 13 to 164, and asbestos structure counts ranged from 6 

to 63. Based upon tiie standard deviation a of counts among n grid 

windows, the 67%(lo) confidence limits as a percentage of tite average 

grid window count N was calculated. This coefficient of variation, 

CV, was estimated as 

<*̂  * ^ " TWT^ * " ° ^ 

where t k the student's t statistic for the number n. (tiiis value 

approaches 2 for large n). " 

Based upon an assumed Poisson distribution, the coefficient of 

variation due simply to counting statistics (CV|) should be related 

to ii*N, tiie total number of fibers counted, by 

(2) DVj • J ^ X lOOjC • 100! 

In Figure 1,.. CV is plotted as a function of nN (on a iog*log plot) 

for this theoretical counting variation. The CV ranges from 45% at 

a total -count of five fibers to 10% for 100 fibers. Also ^own in 

the figure are the seven estimates of CV for the the actual asbestos 

structure counts, as well as the estimated CV for a count from a 
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reference filter material obtained from- the National Bureau of 

Standards, and from a proposed standard reference filter material, 

also from the National Bureau of Standards. 

These data were fit with a straight line as shown in the figure. This 

line corresponds fairly well with that for tiie tiieoretical counting 

errors at low counts, but diverges slightly at high counts. By 100 

structures counted, the line fit to the data predicts a CV of 

approximately 11%. This result is to be expected if other errors less 

dependent on total fiber count are present, since the counting error 

should predominate at low counts. An altemative interpretation is 

that the line fit to the data points is not significantly different from 

the theoretical line, especially in view of the fact that the fit line 

dips below the theoretical one for low counts. In any case, for counts 

less than 2C0, counting errors will clearly dominate the method's 

precision. 

The data points for tiie two reference material counts do not appear 

to be inconsistent with the structure counts. Again, counting statistics 

are expected to dominate the method's precision. 

The estimated coefficients of variation for the total count data are 

plotted in Figure 2, along with the tiieoretical curve for Poisson 

counting statistics. Here the least-squares- fit predicts a CV ranging 

from 65% for 5 total fibers to 24% for 100 fibers. This suggests 

another significant source of imprecision. Since many of the fil>ers 
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counted were attached to air particles, the variation in the number 

of fibers attached to eadi particle is expected to be responsible for 

the increase in the CV for tiiese counts. The results for the reference 

material sample total fiber counts support this assumption, since they 

are composed principally of free fibers or fiber bundles, and tiieir 

CV*s lie close to the theoretical line. The precision for total fiber 

concentrations is tiius likely to improve as the proportion of free 

fibers increases. 

1.2.5 Accuracy 

The accuracy of the method is unknown, altiiough a negative bias is 

expected due to obscuring of fibers by particles. 'Interlaboratory 

comparisons have yet to be carried out using tills method. 

1 3 General Comments 

1.3.1 Estimated EM times of 600 and 120 minutes for. high and low 

magnification analyses respectively appear to be reasonable. Times 

for high magnification analysis can be ' significantly longer if • the 

loading of particles with many fibers attached^ is high. Additional 

costs are incurred on sample preparation on analyzing count data, 

and reporting of results. 

1.3.2 EM analysis for asbestos is tedious work, and places great demands 

on the microscopist. As a result, the microscopist should be accorded 
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latitude in tiie scheduling of breaks to coincide with natural stopping 

places in the analysis (such as finishing a grid opening). Lack of 

consideration of Operator discomfort or fatigue will result in less 

reliable analyses. 

13 J Although this methodology has been developed for asbestos in ambient 

air, it can be used for analysis of asbestos in otiier media such as 

water or soil with suitable modifications. The most important modifi

cation is that the sample be finely divided and filtered uniformly 

thrcxjgh a polycarbonate membrane filter. 

1.3.4 The order of analysis is field blanks, then laboratory blanks (if 

applicable), and then field samples. 

1.3.5 The counting rule of 100 asbestos structures or 20 300 mesh grid 

Of>enlngs, (or 40 400 mesh grid openings) whichever comes first is a 
« 

minimum to keep costs down. More extensive counts are desirable, 

especially when structure counts are low. 

13.6 Mass concentrations are the least reliable results reported, since the 

total tnass is often dominated by a few large fibers, for whidi tiie 

precision Is poor, and whose volume iŝ  often difficult to determine 

accurately. Although mass' concentration ^ould be reported, 

estimating confidence intervals is virtually impossible. 
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1.3.7 The order of analysis as specified in this method is 

1) High magnification analysis (Sect. 3.2.2.2), and 

2) Low magnification analysis (Sect. 3.2.2.10). 

This order may be reversed at the operator^ discretion. In fact, the 

low magnification analysis can be used as a screening tool to select 

particular samples fcM* high magnification analysis. 

• • •* ^,•.• 
• ' . ' • • • * 

2. LABORATORY REQUIREMENTS • 

» • • 

2.1 APPARATUS " • ~ v 
. ' • . ' • • . • 

. ' • " • • ' • • • ' 

2.1.1 A modem lOOkV transmission electron microscope (TEM) with energy 

dispersive XH-ay spectrometer (EDS) is needed for the analysis. It is 

desirable for the microscope to have a scanning attachment for 

secondary electron imagiiig (SEO so tiiat particle surfaces can be 

examined. It should be capable of obtaining selected area diffraction 

patterns mi areas 100 nm In diameter, or preferably It ^ould be 

capable of obtaining **microdiffractlon** pattems from the same size 

area. For fiber lenglh and width measurements, the microscope 

should be equipped with a fluorescent viewing screen which is inscribed 

with graduated circles of known radii, or the eyepiece of the binoculars 

should contain a reticule with a scale. 
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2.1.2 A vacuum evaporator with a turntable for rotating specimens is 

necessary for carbon-coating samples. It can also be used for preparing 

carbon films, and for gold-coating of EM grids. 

2.13 An EM preparation room adjacent to tiie room containing the electron 

microscope should either be a clean room or contain a laminar flow 

class IOO clean bench to minimize contamination during sample 

preparation. 

2.1.4 A microbalance accurate to a few micrograms should be iocated in 

a temperature and humidity controlled chamber for gravimetric 

analysis if it is desired. 

2.2 SUPPLIES 

2J2.1 Modified Jaffe Wick Washers are required for dissolving polycarbonate 

membrane filters (See Ref. 4 3 or 4.6). 

2.2.2 Miscellaneous EM supplies and chemicals needed are 300 or 400 mesh 

copper grids, plastic petri dishes, scalpels, tweezers, carbon rods, 

carbon grating replica, chloroform, and EM grid storage boxes. 
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3 . ANALYTICAL PROCEDURE 

3.1 SAMPLE PREPARATION 

3.1.1 If gravimetric analysis is required, post-weighing of tiie sample filters 

should be carried out following receipt In tiie laboratory. (Pre-

veighing Is discussed in Appendix A - Sampling). Filters should be 

equilibrated ovemight in the environmental chamber, and neutralized 

with a polonium source before weighing. 

•• • ' V:V 

3.1.2 The weighed polycarbonate sample filters and suitable blanks .shpuld 

be coated with carbon as soon as possible. The filter is placed lii 

the bottom half of a 100 mm plastic petri dish, and-taped-down 
* • • • - . ' • . • " " 

around the edges with transparent tape. The petri dish is then placed 

on the tumtable of the vacuum evaporator, the evaporator is. 

. . evacuated and approximately 40 nm thickness of carbon is evaporated 

(according to the manufacturer's instructions), w^ile -the tumtable is 

rotated. The evaporation should be carried out in short bursts to 

prevent overheating and consequent degradation of the filter material. 
Such degradation makes dissolutim of the filter virtually impossible. 

• • • 

After carboh-coating, the vacuum chamber is slowly retumed to 

atmospheric pressure, a clear cover is put on tiie plastic petri dish, 

and the marked dish is stored in the clean bendi. 
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3.13 The particles on the filter surface along with their embedding carbon 

coat are then transferred to 300 .or 400 mesh electron microscope 

grids in the clean room or clean bench by means of tiie modified 

3affe Wick Washer (See Ref. 4.5 or 4.6 for detaUs). Four or five 

sections should be cut from widely separate portions of the filter so 

than an assessment can be made of the uniformity of tiie filter 

deposit. Dissolution ^ould be carried out for 72 hours so tiiat it 

goes to completion. At temperatures lower than 6 8 ^ , complete 

' dissolution may take longer than 72 hours. After the grids have been 

removed from the washer, tiiey should be placed on clean filter paper 

inside clean, 50 mm plastic petri dishes, or inside a grid storage box. 

The locations of the grids should be noted in the logbook. 

3.2 TEM Analysis 

3.2.1 TEM Analysis Guidelines 

3.2.1.1 The magnification at tiie fluorescent screen must be 

determined by calibration with a diffraction grating replica 

in tiie q>eclmen holder. If sizing of fibers is carried out 

uslpg binocular viewing (to facilitate diffraction pattem 

viewing), tiie calibraticm i^ould be carried out (with tiie 

• fluorescent scre«i. tilted) in both horizontal and vertical 

directions liecause of vertical stretching due to the screen 

tilt. In this case, fiber lengths should be measured in botii 
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vertical and horizontal components, the magnification 
e 

correicted separately on the two components, and the two 

components combined by the Pythagorean Theorem to yield 

(.; the total length. Measured widths should also be corrected 
based on the angle of the fiber from the vertical 6̂  and tiie 

\ f. . • . . . . • 

l'. two magnifications Mh and Mv according to the formula 
• '• 

V y ^ " ^ 
•̂ftieve Wj is the true fiber width, and W Is tiie ^parent 

width on the screen. 

3.2.1.2 The operator should define a ''gate*' tiirough which tiie 

window is scanned. This can be the rectangular central 

portion of the fluorescent screen. If binocular viewing Is 

tised, the area will be mudi smaller, and may be defined 

by an enclosed figtye scribed on a reticule. 

3.2.13 Selection of the grid opening should be on a semi-random 

basis, that is to say, several widely dispersed areas of the 

grid should first be systematically selected, and then one 

^ening should be selected randomly within each area. This 

helps'to ensure detection of uneven distributions across large 

areas of tiie grid. . 
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3.2.1.4 The average grid (̂ >ening for a batch of grids should be 

, determined by low magnification micrography of several 

openings. For this measurement, light, scanning electron, 

or transmission electron microscopy can be used, but the 

me'asurement must be done with an Instrument for whidi 

the magnificatim used has been independently calibrated. 

Account ^ould l>e taken of the rounding of tiie comers of 

the openings. Finally, during tiie actual asbestos analysis, 

only grid openings of tiie standard (square with round comers) 

tfiape should be selected for detailed analysis. The analyst 

should beware of selecting openings of irregular ^ ^ e due 

to gross grid imperfections. 

3.2.13 Suggested instrument settings are; 

a) Accelerating voltage: lOOkV 

0 

b) Magnification; 200 - lO'OOx for assessing the quality of 

the grid and the particulate loading, as well as for 

selecting grid openings to be analyzed, 400 - 4000x for 

low magnification analysis, and 20,000 - 50,000x (total 

with or without binocular viewing) for detailed analysis 

(high magnification scanning). 

c) Brightness: Beam brightness should be adjusted during 

tiie scanning procedure such tiiat features are just clearly 
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visible. High brightness is undesirable for two reasons. 

First, brightness (electron flux) should be minimized to 

prevent radiation damage to chrysotile fibers, and second, 

viewing a high brightness screen reduces operator dark 

adaptation, compromising tiie ability to see weak electron 

diffraction patterns. 

1 

d) Diffraction: If possible, microdiffractiwi ^ould be used 

ratiier tiian selected area diffraction. Microdiffraction 

is carried out by exciting all lenses below the specimen 

in the same way as for selected area diffraction. The 

condenser lens system is adjusted so that a narrow^ 

coherent beam is incident on the sample. This can be 

accomplished by highly exciting the first condenser lens, 

and usiiig a small (10-60 ym) second condenser aperture. 

The extent of the beam determines the diffracting area, 
• 

and can be made as small as a fibril diameter if desired. 

An image can be viewed in this mode by expanding the 

l>eam slightly by underexciting the second condenser lens, 

and slightiy overexciting the intermediate (diffraction) 

lens. Once the beam Is centered wi tiie desired fiber, 

. the second condenser lens can be used to converge tiie 

beam onto the fiber. The diffraction pattem will then 

be visible. * » . 

If selected area diffraction must be used, care must be taken 

to adjust the objective lens current for proper focus. 
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Microdiffraction is preferred over selected area diffraction 

because the focus is not critical for visibility of the pattem. 

Furtiiermore, a>ntamination of tiie pattem with spots from 

< -• closely adjacent material can be prevented by careful location 

of the beam. 

3.2.2 TEM PROCEDURE 

3.2.2.1 Low magnification sample assessment. At a magnification 

of 200 - lOOOx, assess the quality of tiie carbon film, the 

clearing of the filter, and the uniformity of the particle 

loading. Obviously non-uniform grids or grids with many 

broken or folded window's should be rejected. 

3.2.2.2 High magnification analysis. At a total magnification of 

20,000 - 50,000x, a series of parallel traverses should be 

made across the grid opening. Starting at one comer, 

traverse the opening by moving it through the ''gate" already 

established. Movement through the gate is stop-and-go, 

rather than continuous, to allow tiie operator time to visually 

inspect each area of the opening as it enters the gate. At 

the end of eadi traverse, tiie sample is moved one ^ate 

width, and a parallel traverse is made in the opposite 

direction. This process is continued until the entire grid 

opening has been scanned. 
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3.2.2.3 Fiber identification. When a suspected asbestos-containing 

particle is detected, scanning is stopped. The presence of 

asbestos is confirmed by electron diffraction (See 3.2.2.5 

below). If the possible asbestos Is suspected to be an 

amphibole, or if it is suspected chrysotile for vAildh diffrac

tion gives an ambiguous result, energy dispersive x-ray 

analysis should be employed for confirmation (See 3.2.2.6 

below). 

3.2.2.4 Particle sizing. Confirmed asbestos structures are 

categorized as fibers, bundles, or mats, and tiieir length and 

width is measured and recorded. (If measurement is done 

tiirough the binoculars, vertical and horizontal components 

of the length are measured.) If the asbestos is attached to 

other particles, the size of tiiese particles should also be 

measured and recorded, pecific counting rules are detailed 

in 3.2.2.7 and 3.2J23 below. 

3.2.23 Electron diffraction. Electron diffraction is used for positive 

identification of chrysotile asbestos. Once chrysotile has 

bieen tentatively identified by morphology (tubular appear

ance, diameter approximately 35 to 50 nm), a diffraction 

pattem should be obtained. For training purposes, it is useful 

to have micrographs of typical electron diffraction pattems 

of chrysotile. These should include patterns of both helical 

and right-cylindrical cllno- and ortiio-chrysotile (See Ref. 4.9 
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and 4.10 and Figures 3 and 4). For positive identification, 

the following characterisitics of the diffraction pattem should 

be observed: 

1) The pattem should be streaky in appearance, with 

mirror-symmetric layer lines perpendicular to the fiber 

axis at the (silicate) spacing of 1/532 A. (See Fig. 3). 

2) Odd-numbered layer lines should contain streaks (hko 

reflections, h, k odd) whose intensity varies with radius 

as cylindrical Bessel functions symmetrically placed about 

the line parallel to the fiber axis. There should be no 

diffraction Intensity at this center point, since this would 

be hOO, and k must be odd. For helical polytypes, these 

streaks are split into two streaks above and below the 

layer lines. (See Fig. 4). The vertical flitting increases 

with increasing k. 

3) The zero layer line contains spots at a spacing of 1/73A 

(00 £ reflections) together with streaks corresponding to 

the same lattice as is*seen on the odd layer lines (OkO 

jreflections with k even) at a spacing of a 1/4.6A. For 

helical fibers, the OkO reflections will also be split. 

4) The even-numbered layer lines contain either pairs of 

^ l i t qiots for the clinochrysotile polytype (hOt and hO£., 
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h c even, £ & odd) or single spots ^>aced 1/14.6 A apart 

for orthochrysotile (hOl, h & even). The central spots 

on the second layer line are often missing, due to slight 

tilt of tiie fiber axis from perpendicular to the electron 

beam. ' 

3.2.2.6 Energy Dispersive X-ray Spectroscopy. Although su^>ected 

amphiboles should be diedced for morphology (long, thin, 

straight-sided crystals) and electron diffraction, neither of 

tiiese criteria is sufficient for positive identification of 

amphiboles. Ideally, double-tilting should be done to Obtain 

two or three zone-axis diffraction pattems (Ref. 10), but 

tiie skill and/or training necessary for such an analysis can 

be prohibitive, even when a double tilt stage Is available. 

Instead, the present method accepts the "use of energy 

dispersive x-ray spectroscopy (EDS) for amphibole identi

fication as well as for identification of chrysotile for whidi 

no distinct diffraction pattem can be discemed. 

The microscope manufacturer's instructions for obtaining 

spectra should be followed,* and the qiectra should be 

compared to library spectra obtained from standard 

preparations (See Figures 5, 6, 7, 8, and 9 and Ref. 4.6). 

' Care should be taken to obtain spectra from portions of 

the fibers well separated from other particulate matter if 

possible, to avoid the superposition of interfering spectra. 
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3.2.2.7 Fiber Nomenclature. Fibers are first classified as positive 

chrysotile (chrysotile morphology, dirysotile diffraction 

pattem, or EDS), tentative chrysotile (chrysotile morphology, 

ambiguous diffraction, ambiguous EDS, usually due to over

lapping particles), positive amphibole with type (amphibole 

morphology, amphibole EDS), tentative amphibole (amphibole 

morphology, ambiguous EDS due to overlapping particles), or 

non-asbestos. Asbestos fibers AOuld tiien be classified 

according to the state of aggregation, either as single fibers, 

bundles (two or more fibers in a parallel arrangement, with 

fibers closer together tiian one fiber thickness), and mats 

(two or more fibers in a random arrangement, but which are 

separated from at least one other fiber in the mat by less 

than a fiber diameter somewhere along their length). See 

ReL 4.6, Figure A-7 for specific fiber-counting guidelines. 

Note: The term *'mat*' tfiould be substituted for 

•tluster/clump". The term "matrix/debris** in the figure is 

, used to denote fiber, bundle, or mat attached to a non

asbestos fiber. 

3.2.23 Additional Fiber Information. All fibers, bundles, and mats 

attached to non-asbestos particles are to be counted and 

sized separately, and the particle itself is also to be sized 

(See Fig. 10 tor a suggested sample count sheet). For fibers 

on particle surfaces, a scanning attachment with secondary 

electron Imaging capabilities is useful. However, for fibers 
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of which part of the Iengtii is obscured, lengths ^ould be 

increased from that actually Observed according to the 

following rules: 

1) If tiie obscuring particle or grid t>ar is large enough for 

the actual length of the fiber to be twice that observed, 

record a value equal to twice tiie observed Iengtii. 

2) If the obscuring particle or grid bar is too small for the 

actual iengtii to be twice that observed, record a value 

equal to the length of the fiber plus the size of the 

particle or grid bar. 

3) Lengths estimated in this way should be flagged on the • 

count sheet. 

4) Fibers that extend over more than one grid opening 

should be counted only .once. 

3.2.2.9 Filter Area to be Analvzed. Enough grid windows should be 

analyzed for detection of at least 100 asbestos "structures", 

Le., free fibers, free bundles, free mats, or particles with 

asbestos attached. However, rto greater than 20 300 mesh 

or 40 400 mesh grid windows should be analyzed. The analysis 

^ould be distributed evenly among tiie four grids. 
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3.2.2.10 Low Magnification Analvsis. At a total magnification of 

400-4000X, approximately 50 (300 mesh) or 100 (400 mesh) 

Intact grid openings In eadi of the four grids should be 

examined. (This analysis Is to be used for the detection of 

*'NIOSH equivalent" fibers). Methods for asbestos identifi

cation, fiber classification, and fiber sizing are identical to 

those used for tiie high magnification anislysls. The 

differences lietween tills analysis and tiie high magnification 

analysis are as follows: 

. . . . > . _ . . 

1) The total filter area analyzed is at least 10 times that 

analyzed at high magnification. 
w 

'. * • . ' • . . . .•", 
• • * • ' • # • . • . 

2) Small fibers (as free fibers), in bundles or mats, or 

attached to particles, may not be detected. However,, 

the diameter of these missed fibers will be far below 

the resolviiig power of the phase Contrast light micro

scope. The exact diameter below whidi detection is 

impossible will depend on the magnification. 
. . . . . • •. . 

3) The fibers detected at low magnification should be 

-selected by tiie data processing to conform closely to 

phase contrast detecticm criteria. Only fibers with 

diameter > 0.2 or 03 ym, with Iengtii > 5 ym, and 

with aspect ratio â  3:1 should be retained as "NIOSH 

equivalent" fibers. 
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4) It is unlikely that, in 200 (300 mesh) grid windows, 

greater than IOO fibers satisfying the NIOSH size criteria 

will be detected. However, if this is the case, the count 

<•; may be terminated at this point. 

3 3 DATA REDUCTION 

33.1 Data reduction is greatly facilitated by access to a computer. The 

program should use as input the following quantities: The total air 

volume filtered (V^), the effective filter area (A^, ihe area of a 

grid opening (A ), and the magnification at which fibers were sized 
O 

M (or the horizontal and vertical magnification [M^ and My] if fibers 

were sized with the screen tilted). The fiber counts read by the 

program ^ould include all information entered on the count sheet, 

including grid opening number, fiber type (positive or tentative 

chrysotile, positive or tentative amphibole), fiber classification (fiber, 

bundle, or mat), structure classification (free or attached to particle), 

length flag (length augmented due to obscuririg of an end), and size 

information (length Lt and width W., or width with horizontal and 
H Y 

vertical components L . and L . of length if tiie screen is tilted, 

and estimated thickness of mat). Sizes of particles which have 

adiiestos attached diould also be entered, as well as some code to 

designate which fibers, bundles, or mats are attached to eadi particle. 
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33J2 Calculated quantities should include tiie concentration of total asbestos 

fibers ( C J ) with 95% confidence limits in fibers/m', the concentration 

of a^estos structures (C^) with 95% confidence limits in 

structures/m , the concentration of free fibers (Cp) with 95% confi

dence limits in free fibers/m , asbestos mass concentration (C|^) in 

fig/m', and NIOSH equivalent fiber concentration (Cf^£) with 95% 

confidence limits in fibers/m > 0 3 ym diameter, > 5 ym iengtii. 

For example, C j is calculated as, 

(4) CL.(mers/m9) - f s A - — . • • • ' : -
^ aA V (n^j 

where N . is the total number of fibers detected n grid openings. A 

similar calculation is carried out for Cc, Cp, and C^^, ' Confidence';; 

limits should only be calculated if the fiber (or structure) counts are 

randomly distributed among grid windows (See Ref. 4.12 for statistical 

tests for random distributions and confidence interval calculation). 

Calculations should be done on each of the four fiber types, as well 

as for total asbestos (positive and tentative chrysotile, and positive 

and tentative amphiboles). 

Mass concentration in ng/m should be calculated from tiie total 
•9 3 

estimated volume V| (In units of 10 ., cm'' of each a^estos fiber, 

bundle, or mat, assuming specific gravities (SG) of 2 3 for dirysotile 

and 3w25 for amphiboles), by 

g a , 
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Means, standard deviations, geometric means, and minus one and plus 

one geometric standard deviation values should be calculated for 

lengtiis and widths. Also, it is desirable to have some graphical or 

tabular representation of Iengtii and width distributions. (See Figure 

11 for a sample report ^ee t ) . * 
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FIGURE CAPTIONS 

1. Plot of coefficient of variation (CV) versus structure count. 

2. Plot of CV versus total figure count. 

3. Electron diffraction (microdiffraction) pattern of right cylindrical orthochrysotile 

liber. Silicate spacing is indicated. 

4. Microdiffraction pattem of helical clinochrysotile fiber. 

5. Energy dispersive x-ray spectrum (EDS) of chrysotile fiber. Copper peaks are 

from copper grid. 

6. EDS of amosite fiber. '•' 

7. ED^ of crocidolite fiber. Titanium peaks are from titanium grid. • 

8. EDS of tremolite fiber. 

9. EDS of actinolite fiber. 

10* Suggested count dieet format. 

11. Sample report sheet. 
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APPENDIX A 

Sampling Protocol — Asbestos in Ambient Air 

1. Introduction 

This protocol Is designed for sampling ambient air for asbestos fibers. Since 

analysis is assumed to be by electron microscopy, polycarbonate membrane filters 

are specified., In order to obtain enough material in a four to eight hour period, 

a medium volume (15-20 liter per minute) air flow through a 37 mm filter is 

^ecified. The use of a size selective inlet is optional, since physical sizing is 

done In the microscope. If such an Inlet is used, it Is desirable for It to operate 

isokinetically, and to have a 10 ym aerodynamic diameter cutpoint at the specified 

flow rate. 

2 . Apparatus 

I 

The sampling equipment consists of 1) a sampling unit containing a pump, flowmeter, 

flow controller, skiptimer, and sample cassette holder, and 2) a filter and backing 

pad installed ih a filter cassette and carried to tiie site in a plastic petri dish. 

Devices for measuring meteorological variables, sudi as y înd-sp>eed and direction, 

will also be available somewhere in the sampling grid. 
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2.1 Sampling unit. 

This unit can be purchased from a company such as Sierra Anderson. It is 

usually self-contained, and requires llOV AC electrical power. It should 

include the following: 

2.1.1. Pump. 

The pump must be capable of sampling at a rate of 15-20 liters per 

minute (Lpm) through a 37 mm diameter polycarbonate membrane 

filter, pore size 0.2 ym. 

2.1.2. Flovmieter and controller. 

A flowmeter reading from 0 to 20 Lpm and a flow cbntroller should 

allow the flow rate to be controlled to the desired value (15-20 Lpm) 

and maintained up to a pressure drop of 15 in fig. .- ', 

It is also desirable for the pump exhaust to have an exposed fitting, 

thus allowing the attachment of a dry test meter to calibrate the 

Internal flowmeter. 

2 .13 . S<iptimer. 

A timer should be available to start and stop the sampling at preset 

times. Total sampling times of 4-8 hours should be possible. 
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2.1,4. Sample cassette holder. 

The sample cassette holder wlll accomodate tiie plastic cassettes 

< •: whidi are used to hold the polycarbonate membrane filters and the 

backing pads. It should be mounted at a height of lK-2 meters above 

^? the ground leveL Adjustable wrenches are often required to tighten 

airline connections and set the sample height, and compressed freon 

is useful for blowing off the inlet. 

2.2 Filter cassette assembly. 

The filter and backing pad will be preloaded into the cassette after preweighing 

of the filter, and the cassette into a clean plastic petri dish, In the laboratory, 

in order tc minimize handling in the field. The petri dish should have a 

gummed label on the top for recording the filter number and sample identifi

cation information. The filter number will t>e recorded at the time of 

weighing, which will be carried out after a period of 24 hours of equilibration 

in the environmental chamber. 

3 . Sampling Procedure 

3.1 Setting up the sampler 

Locate the sampler assembly where power is available. Blow out the sample 

cassette holder inlet with compressed freon or wipe it out with a iintless 
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cloth. Remove tiie filter cassette from tiie petri dish and mount it In the 

cassette holder. Tum on the sampler manually annd set the flow rate at 

tiie desired value (15-20 Lpm). Tum it off and set the timer to turn it on 

at tiie desired time. Make sure the inlet cover (rainhat) is removed from 

the sample cassette holder inlet. Number the petri dish, and record tiie 

following in a logbook: 

1. Filter number 

2. Sampler location and height 

3. Pump start time and date 

4. Starting flow rate 

3 . Meteorological information, If available. 

The sampler should be checked periodically during tiie sampling period for 

proper 0(>eration, and the fiow rate should be recorded each time. If the 

wind speed and direction are known to change dramatically, sampling should 

be terminated. 

• . f 

3.2 Sampling times 

Optimum sampling times are 4-8 hours if the flow rate is 15-20 Lpm tiirough 

a 0.2 ym pore size polycaibonate filter. The sampling time should be 
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selected based upon tiie predicted meteorological conditions. However, if 

the flow rate shows a sharp reduction (to below 10 Lpm) during the sampling 

period, sampling should be terminated to prevent damage to the pump and 

overloading of the filter. 

3.3 End of Sampling period 

Check the flow rate just before sampling ends. If tiie step-timer has shut 

off the sampler at a preset time, manually switch on the pump momentarily 

to note the flow rate. When the pump is shut off, remove tiie cassette 

from the cassette holder, being careful not to disturb the filter. Replace 

the cassette in tiie petri dish, recording in the logbook 

1. The time of sample termination, 

2. The flow rate, and 

e 

3. The meteorological conditions (if known). 

3.4 Blanks 

On each sampling day, extra loaded cassettes should be carried to the sampling 
• e 

sites in petri dishes. These serve two purposes: 

1« If a filter is deemed to have been contaminated before sampling, a spare 

will be available to replace it, and 
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2. One of the spare cassettes should be removed from the petri dish, mounted 

in the cassette holder of one of the samplers, dismounted, and returned 

to the petri dish. This should then be labeled as the field blank. 

3.5 Shipping 

All filter cassette petri dishes, including tiie field blank, should be carried 

in person to the laboratory. Samples should be protected from shock, and 

kept upright at all times. 
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Figure 3. Electron diffraction (microdifraetion) pattem of right 
cylindrical orthochrysotile fiber. Silicate epacing is indicated. 
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AIR AND INDUSTRIAL HYGIENE LABORATORY 
BERKELEY,CALIFORNIA 94704 

RESULTS OF 
ASBESTOS IN AIR ANALYSIS 

DATE OF REPORTI 13-SEPT-B4 
LAB NUMBER: 
FIELD NUMBER! 1 

GENERAL COMMENTS 

THIS XS AN ANALYSIS OF AIRBORN ASBESTOS FIBERS SAMPLED 
OUTSIDE THE RESIDENCE IN ,CALIFORNIA. 

GENERAL ANALYSIS PARAMETERS 

1. AIR VOLUME FILTEREP: 4.2E+03 LITERS 
2. FILTER AREA: 655 SD. MM. 
3. GRID WINDOW AREA: 0.0016 SQ. MM. 
4. MAGNIFICATION: 2B00X 
5. VERTICAL DISTORTION; 1.4 

Figure 1 1 . Sainple repor t aheet . 
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United States 
Environmental Protection 
Agency 

Environmental Monitoring Systems 
Laboratory 
Research Triangle Park NC 27711 

Research and Development EPA-600/M4-82-020 Dec, 1982 

v>EPA Test Method 

Interim Method for the 
Determination of Asbestos in 
Bulk Insulation Samples^ 

1 . Polarized Light Microscopy 

1.1 Principle and Applicability 
Bulk samples of building materials 

taken for asbestos identification are 
first examined for homogeneity and 
preliminary fiber identification at low 
magnification. Positive identification of 
suspect fibers is made by analysis of 
sutoamples with the polarized light 
microscope. 

The principles of optical mineralogy 
are well established, -̂  A light 
microscope equipped with two 
polarizing filters is used to observe 
specific optical characteristics of a 
sample. The use of plane polarized-
iight allows the determination of 
refractive indices along specific 
crystailographic axes Morphology and 
color are also observed, A retardation 
plate is placed in the polarized light 
path for determination of the sign of 
elongation using orthoscopic 
illumination. Orientation of the two 
filters such that their vibration planes 
are perpendicular (crossed polars) 
allows observation of the birefringence 
and extinction characteristics of 
anisotropic particles. 

Quantitative analysis involves the 
use of point counting. Point counting is 
a standard technique in petrography 
for determining the relative areas 
occupied by separate minerals in thin 
sections of rock. Background 
information on the use of point 
counting' and the interpretation of 
point count data* is available. 

*An interim mathod i« caraf ully drafiad from avail-
abla tourea information, Thia mathod ia atill undar 
invaatigation and tharafora ia aubjact to raviaion. 

This method is applicable to all bulk 
samples of friable insulation materials 
submined for identification and 
quantitation of asbestos components. 

1.2 Range 
The point counting method may be 

used for analysis of samples 
containing from 0 to 100 percent 
asbestos. The upper detection limit is 
100 percent. The lower detection limit 
is less than 1 percent. 

1.3 Interferences 
Fibrous organic and inorganic 

constituents of bulk samples may 
interfere with the identification and 
quantitation of the asbestos mineral 
content. Spray-on binder materials 
may coat fibers and affect color or 
obscure optical characteristics to the 
extent of masking fiber identity. Fine 
particles of other materials may also 
adhere to fibers to an extent sufficient 
to cause confusion in identification. 
Procedures that may be used for the 
removal of interferences are presented 
in Section 1.7.2.2. 

1.4 Precision and Accuracy 
Adequate data for measuring the 

accuracy and precision of the method 
for samples with various matrices are 
not currently available. Data obtained 
for samples containing a single 
asbestos type in a simple matrix are 
availabte in the EPA report Bulli 
Sample Analysis for Asbestos Content-
Evaluation of the Tentative Method.* 

1.6 Apparatus 

t .S.1 Sample Anafysis 
A low-power binocular microscope, 

preferably stereoscopic, is used to 



examine the bulk insulation sample as 
received, 
e Microscope: binocular. 10-45X 

(approximate) 
• Light Source: incandescent or 

fluorescent 
• Forceps. Dissecting Needles, and 

Probes 
e Glassine Paper or Clean Glass 

Plate 
Compound microscope 

requirements: A polarized !ight 
microscope complete with polarizer, 
analyzer, port for wave retardation 
plate, 360° graduated rotating stage, 
substage condenser, lamp, and lamp 
iris. 
• Polarized Light 

Microscope: described above 
e Objective Lenses: 10X, 20X, and 

40X or near equivalent 
e Dispersion Staining Objective Lens 

(optional) 
e Ocular Lens: 10X minimum 
e Eyepiece Reticle: cross hair or 25 

point Chalkiey Point Array 
e Compensator Plate: 550 milli

micron retardation 

7.5.2 Sample Preparation 
Sample preparation apparatus 

requirements will depend upon the 
type of insulation sample under 
consideration. Various physical and/or 
chemical means may be employed for 
an adequate sample assessment, 
e Ventilated Hood or negative 

pressure glove box 
e Microscope Slides 
e Coverslips 
e Mortar and Pestle: agate or 

porcelain (optional) 
e Wylie Mi l l (optional) 
e Beakers & assorted glassware 

(optional) 
e Centrifuge (optional) 
e Filtration apparatus (optional) 
e Low temperature asher (optional) 

1.6 Reagents 

1.6.1 Sample Preparation 
e Distilled Water (optional) 
e Dilute CHtCOOH: ACS reagent 

grade (optional) 
e Dilute HCl: ACS reagent grade 

(optional) 
e Sodium metaphosphate (NaP03)e 

(optional) 

1.6.2 Analytical Reagents 
e Refractive Index Liquids: 1,490-

1.570, 1.590-1.720 in increments 
of 0.002 or 0.004 

• Refractive Index Liquids for 
Dispersion Staining: high-
dispersion series, 1.550, 1.605, 
1.630 (optional) 

e UICC Asbestos Reference Sample 
Set: Available from: UICC MRC 

Pneumoconiosis Unit, Llandough 
Hospital, Penarth, Glamorgan CFS 
1XW, UK, and commercial 
distributors 

e Tremolite-asbestos (source to be 
determined) 

e Actinolite-asbestos (source to be 
determined) 

1.7 Procedures 
Note: Exposure to airborne asbestos 

fibers is a health hazard. Bulk samples 
submitted for analysis are usually 
friable and may release fibers during 
handling or matrix reduction steps. Al l 
sample and slide preparations should 
be carried out in a ventilated hood or 
glove box with continuous airflow 
(negative pressure). Handling of 
samples without these precautions 
may result in exposure of the analyst 
and contamination of samples by 
airborne fibers. 

1.7.1 Sampling 
Samples for analysis of asbestos 

content shall be taken in the manner 
prescribed in Reference 5 and 
information on design of sampling and 
analysis programs may be found in 
Reference 6. If there are any questions 
about the representative nature of the 
sample, another sample should be 
requested before proceeding with the 
analysis. 
1.7.2 Analysis 

1.7.2.1 Gross Examination 
Bulk samples of building materials 

taken for the identification and 
quantitation of asbestos are first 
examined for homogeneity at low 
magnification with the aid of a 
stereomicroscope. The core sample 
may be examined in its container or 
carefully removed from the container 
onto a glassine transfer paper or clean 
glass plate. If possible, note is made of 
the orientation of top and bottom 
surfaces. When discrete strata are 
identified, each is treated as a separate 
material so that fibers are first identified 
and quantified in that layer only, and 
then the results for each layer are 
combined to yield an estimate of 
asbestos content for the whole sample, 

1.7.2.2 Sample Preparation 
Bulk materials submitted for 

asbestos analysis involve a wide 
variety of matrix materials. 
Representative subsamples may not be 
readily obtainable by simple means in 
heterogeneous materials, and various 
steps may be required to alleviate the 
difficulties encountered. In most cases, 
however, the best preparation is made 
by using forceps to sample at several 
places from the bulk material, Forcep 
samples are immersed in a refractive 
index liquid on a microscope slide. 

teased apart, covered with a cover 
glass, and observed with the polarized 
light microscope. 

Alternatively, attempts may be made 
to homogenize the sample or eliminate 
interferences before further 
characterization. The selection of 
appropriate procedures is dependent 
upon the samples encountered and 
personal preference. The following are 
presented as possible sample 
preparation steps. 

A mortar and pestle can sometimes 
be used in the size reduction of soft or 
loosely bound materials,though this 
may cause matting of some samples. 
Such samples may be reduced in a 
Wiley mill. Apparatus should be clean 
and extreme care exercised to avoid 
cross-contamination of samples. 
Periodic checks of the particle sizes 
should be made during the grinding 
operation so as to preserve any fiber 
bundles present in an identifiable 
form. These procedures are not 
recommended for samples that contain 
amphibole minerals or vermiculite. 
Grinding of amphiboles may result in 
the separation of fiber bundles or the 
production of cleavage fragments that 
have aspect ratios greater than 3:1 and 
will be classified as asbestos fibers. 
Grinding of vermiculite may also 
produce fragments with aspect ratios 
greater than 3:1, 

Acid treatment may occasionally be 
required to eliminate interferences. 
Calcium carbonate, gypsum, and 
bassanite (plaster) are frequently 
present in sprayed or trowelled 
insulations. These materials may be 
removed by treatment with warm 
dilute acetic acid. Warm dilute 
hydrochloric acid may also be used to 
remove the above materials. If acid 
treatment is required, wash the 
sample at least twice with distilled 
water, being careful not to lose the 
particulates during decanting steps. 
Centrifugation or filtration of the 
suspension will prevent significant 
fiber loss. The pore size of the filter 
should be 0.45 micron or less. 
Caution: prolonged acid contact with 
the sample may alter the optical 
characteristics of chrysotile fibers and 
shouldbe avoided. 

Coatings and binding materials 
adhering to fiber surfaces may also be 
removed by treatment with sodium 
metaphosphate.^ Add 10 mL of 10 g /L 
sodium metaphosphate solution to a 
small (0,1 to 0.5 mL) sample of bulk 
material i n a l 5-mL glass centrifuge 
tube. For approximately 15 seconds 
each, stir the mixture on a vortex 
mixer, place in an ultrasonic bath and 
then shake by hand. Repeat the series. 



Collect the dispersed solids by 
centrifugation at 1000 rpm for 5 
minutes. Wash the sample three times 
by suspending in 10 mL distilled water 
and recentrifugfng. After washing, 
resuspend the pellet in 5 mL distilled 
water, place a drop of the suspension 
on a microscope slide, and dry the 
slide at 110°C, 

In samples with a large portion of 
cellulosic or other organic fibers, it 
may be useful to ash part of the 
sample and examine the residue. 
Ashing should be performed in a low 
temperature asher. Ashing may also 
be performed in a muffle furnace at 
temperatures of 500°C or lower. 
Temperatures cf 550°C or higher will 
cause dehydroxylation of the asbestos 
minerals, resulting in changes of the 
refractive index and other key 
parameters. If a muffle furnace is to be 
used, the furnace thermostat should 
be checked and calibrated to ensure 
that samples will not be heated at 
temperatures greater than 500°C. 

Ashing and acid treatment of 
samples should not be used as 
standard procedures. In order to 
monitor possible changes in fiber 
characteristics, the material should be 
viewed microscopically before and 
after any sample preparation 
procedure. Use of these procedures on 
samples to be used for quantitation 
requires a correction for percent 
weight loss, 
/. 7.2.3 Fiber Identification 

Positive identification of asbestos 
requires the determination of the 
following optical properties, 
e Morphology 
e Color and pleochrolsm 
e Refractive indices 
• Birefringence 
e Extinction characteristics 
e Sign of elongation 

Table 1-1 lists the above properties for 
commercial asbestos fibers. Figure 1-1 
presents a flow diagram of the 
examination procedure. Natural 
variations in the conditions under 
which deposits of asbestiform 
minerals are formed will produce 
exceptions to the published values and 
differences from the UICC standards. 
The sign of elongation is determined by 
use of the compensator plate and 
crossed polars. Refractive indices may 
be determined by the Becke line test. 
Alternatively, dispersion staining may 
be used. Inexperienced operators may 
find that the dispersion staining 
technique is more easily learned, and 
should consult Reference 9 for 
guidance. Central stop dispersion 
staining colors are presented in Table 

1-2. Available high-dispersion (HD) 
liquids should be used. 

1.7.2.4 Quantitation of Asbestos 
Content 

Asbestos quantitation is performed 
by a point-counting procedure. An 
ocular reticle (cross-hair or point array) 
is used to visually superimpose a point 
or points on the microscope field of 
view. Record the number of points 
positioned directly above each kind of 
particle or fiber of interest. Score only 
points directly over asbestos fibers or 
nonasbestos matrix material. Do not 
score empty points for the closest 
particle. If an asbestos fiber and a 
matrix particle overlap so that a point 
is superimposed on their visual 
intersection, a point is scored for both 
categories. Point counting provides a 
determination of the area percent 
asbestos. Reliable conversion of area 
percent to percent of dry weight is not 
currently feasible unless the specific 
gravities and relative volumes of the 
materials are known. 

For the purpose of this method, 
"asbestos fibers" are defined as 
having an aspect ratio greater than 3:1 
and being positively identified as one 
of the minerals in Table 1 - 1 . 

A total of 400 points superimposed 
on either asbestos fibers or 
nonasbestos matrix material must be 
counted over at least eight different 
preparations of representative 
subsamples. Take eight forcep samples 
and mount each separately with the 
appropriate refractive index liquid. The 
preparation should not be heavily 
loaded. The sample should be 
uniformly dispersed to avoid 
overlapping particles and allow 25-50 
percent empty area within the fields of 
view. Count 50 nonempty points on 
each preparation, using either 
e A cross-hair reticle and mechanical 

stage; or 
e A reticle with 25 points (Chalkiey 

Point Array) and counting at least 2 
randomly selected fields. 

For samples with mixtures of isotropic 
and anisotropic materials present, 
viewing the sample with slightly 
uncrossed polars or the addition of the 
compensator plate to the plane polarized 
light path will allow simultaneous 
discrimination of both particle types. 
Quantitation should be performed at 
10OX or at the lowest magnification of 
the polarized light microscope that can 
effectively distinguish the sample 
components. Confirmation of the 
quantitation result by a second analyst 
on some percentage of analyzed 
samples should be used as standard 
quality control procedure. 

The percent asbestos is calculated 
as follows: 

% asbestos = (a/n) 100% 
where 

a = number of asbestos counts, 
n = number of nonempty points 

counted (400), 

If a = 0, report "No asbestos 
detected." If 0 < a < 3, report " < 1 % 
asbestos." 

The value reported should be 
rounded to the nearest percent. 
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Table 1-1. Optical properties of asbestos fibars 

Mineral 

Chrysotile 
(asbestiform 
serpentine) 

Amosite 
(asbestiform 
grunerite) 

Crocidolite 
(asbestiform 
riebeckite) 

Anthophyllite-
asbestos 

Morphology, 
color^ 

Wavy fibers. Fiber bundles 
heve spleyed ends and "kinks". 
Aspect ratio typically >10:1 
Colorless^ nonpleochroic. 

Streight rigid fibers. 
Aspect retio typically >10:1. 
Colorless to brown, nonpleo
chroic or weakly so. Opaque 
inclusions mey be preseni. 

Streight, rigid fibers. 
Thick fibers and bundles 
common, blue to purple-blue in 
color. Pleochroic. Birefringence 
is generally masked by blue color. 

Straight, single fibers, 
some larger composite 

, 

Refractive indices^ 
a 7 

1.493-1.560 

1.635-1.696 

1.654-1.701 

1.596-1.652 

1.517-1.562' 
(normelly 

1.556) 

1.655-1.729^ 
(normally 

1.696-1.710) 

1.668-1.71 Tf-
(normelly 

close to 1.700) 

1.615-1676' 

Bire
fringence Extinction 

.002- \\to fiber 
.014 length 

.020-.033 \{to fiber 
length 

.014:016 \\to fiber 
length 

.019:024 \\to fiber 
length 

Sign of 
elongetion 

+ 
(length slow) 

(length slow) 

(length fast) 

(length slow) 

fibers. Anthrophyllite cleavage 
fragments may be present with 
aspect ratios ^ 1 0 : 1 . * Colorless 
to light brown. 

Tremolite- Tremolite-asbestos may be 
actinolite- present as single or composite 
asbestos fibers. Tremolite cleavage 

fragments may be present as 
single crystals with aspect ratios 
<:10:1.* Colorless to pale green. 

1.599-1.668 1.622-1.688* .023:020 Oblique extinction, 
10-20" for 
fregments. 
Composite fibers 
show Wextinction. 

(length slow) 

* 11 ro fiber length. 

' From reference 5; colors cited ere seen by observation * Fibers defined as having aspect ratio >3 :1 . 
with plane polarized light. * JL to fiber length. 

' From references 5 and 8. 
3 Fibers subjected to heating may be brownish. 

Table 1 -2 . Central stop dispersion staining colors ' 

Mineral Rl Liquid x II 

Chrysotile 

'Amosite" 

Crocidolite" 

Anthophyllite-
asbestos 

Tremolite-
asbestos 

Actinolite-
asbestos 

T.55Cr° 

1.680 

1.550''° 

1.700 
1.550"° 

1.605''° 

1.605"°" 

1.605"° 

1.630"°" 

Blue 

Blue-magenta 
to pale blue 
Yellow to 
white 

Red magenta 
Yellow to 
white 

Blue 

Pale blue 

Cold-magenta 
to blue 

Magenta 

Blue-magenta 

Golden-yellow 

Yellow to white 

Blue-magenta 
Yellow to white 

Gold to 
gold-magenta 

Yellow 

Cold 

Golden-yellow 

'From reference 9. colors may vary slightly. 
"Blue absorption color. 
"Oblique extinction view. 



Polarized light microscopy qualitative analysis: For each type of material identified by examination of sample at low magnifica
tion. Mount specially dispersed sample in 1.550 Rl liquid. (If using dispersion staining, mount in 1.550 HD.) View at lOOXwith 
both plane polarized light and crossed polars. More than one fiber type may be present. 

Fibers 
present 

Fibers 
absent 

Examine two additionai prepared slides at 100X 

i 
• Fibers present 

\ 
Fibers are isotropic (disappear at all 
angles of stage rotation with crossed 
polars) 
Possible fibers include: 

1 
Fibers are anisotropic (exhibit 
extinction at 90° intervals of 
stage rotation.) 

Fiberglass: 

Mineral wool: 

1 -20 pm uniform diameter. 
Rl typically < 1.53 
8-200 pm diameter, 
bulbous ends and shot. 
Rl typically > 1.53 

1 

Fibers absent 
i 

Examination complete. 
Report no asbestos 
present. 

Determine extinction characteristics. 
Determine sign of elongation.. 

r 
Positive 

r 
n = 1.550 
Determine n. 
Check morphology for chrysotile. 
If fibers are twisted and exhibit 
internal details, cellulose is indicated. 

A l l n ' s > 1.550 

i 
n=z 1.680 
Determine n. 
Check morphology 
for "amosite". 

•̂ ^ Mount in 1.680 Rl liquid 

" — ^ 
Al l n ' s < 1.680 

4 

Negative 

Mount in 1.700 Rl liquid. 
Determine n. 
Check morphology for 
crocidolite. 

Mount in 1.605 Rl liquid. 
Determine n. 
Check morphology and 
characteristics for anthophyllite-asbestos. 
tremolite-actinolite-asbestos. 

Figure 1-1. Flow chart for qualitative analysis of bulk samples by polarized light microscopy. 



2. X-Ray Powder Diffraction 

2.1 Principle and Applicability 
The principle of X-ray powder 

diffraction (XRD) analysis is well 
established,^'' Any solid, crystalline 
material wi l l diffract an impingent 
beam of parallel, monochromatic X-
rays whenever Bragg's Law, 

A = 2d sin B, 

is satisfied for a particular set of 
planes in the crystal lattice, where 

X ~ the X-ray wavelength. A; 
d = the interplanar spacings of the 

set of reflecting lattice planes. A; 
and 

6 s the angle of incidence between 
the X-ray beam and the reflecting 
lattice planes. 

By appropriate orientation of a sample 
relative to the incident X-ray beam, a 
diffraction pattern can be generated 
that, in most cases, wi l l be uniquely 
characteristic of both the chemical 
composition and structure of the 
crystalline phases present. 

Unlike optical methods of analysis, 
however, )(RD cannot determine 
crystal morphology. Therefore, in 
asbestos analysis, XRD does not 
distinguish between fibrous and 
nonfibrous forms of the serpentine and 
amphibole minerals (Table 2-1). 
However, when used in conjunction 
wi th optical methods such as polarized 
light microscopy (PLM), XRD 
techniques can provide a reliable 
analytical method for the identification 
and characterization of asbestiform 
minerals in bulk materials. 

For qualitative analysis by XRD 
methods, samples are initially scanned 
over limited diagnostic peak regions 
for the serpentine (—7.4 A) and 
amphibole (8.2-8.5 A) minerals (Table 
2-2). Standard slow-scanning methods 
for bulk sample analysis may be used 
for materials shown by PLM to contain 
significant amounts of asbestos (>5-
10 percent). Detection of minor or 
trace amounts of asbestos may require 
speciel sample preparation and step-
scanning analysis. All samples that 
exhibit diffraction peaks in the 
diagnostic regions for asbestiform 
minerals are submitted to a full (5**-
60° 2ft 1 " 29/min) qualitative XRD 
scan, and their diffraction panerns are 
compared wi th standard reference 
poiwder diffraction patterns* to verify 
initial peak assignments and to identify 
possible matrix interferences whan 

subsequent quantitative analysis wi l l 
be performed. 

Accurate quantitative analysis of 
asbestos in bulk samples by XRD is 
critically dependent on particle size 
distribution, crystallite size, preferred 
orientation and matrix absorption 
effects, and comparability of standard 
reference and sample materials. The 
most intense diffraction peak that has 
been shown to be free from 
interference by prior qualitative XRD 
analysis is selected for quentitation of 
each asbestiform mineral. A " th in-
layer" method of analysis'-* is 
recommended in which, subsequent to 
comminution of the bulk material to 
~10 //m by suitable cryogenic milling 
techniques, an accurately known 
amount of the sample is deposited on 
a silver membrane filter. The mass of 
asbestiform material is determined by 
measuring the integrated area of the 
selected diffraction peak using a step-
scanning mode, correcting for matrix 
absorption effects, and comparing with 
suitable calibration standards. 
Ahernative "thick-layer" or bulk 
methods,^'* may be used for 
semiquantitative analysis. 

This XRD method is applicable as a 
confirmatory method for identification 
and quantitation of asbestos in bulk 
material samples that have undergone 
prior analysis by PLM or other optical 
methods. 

2.2 Range and Sanshivity 
The range of the method has not 

been determined. 
The sensitivity of the method has 
rtot been determined, \t wi l l be 
variable and dependent upon many 
factors, including matrix effects 
(absorption and interferences), 
diagnostic reflections selected, 
and their relative intensities, 

2.3 Limitations 

2.3. t Interferences 
Since the fibrous and nonfibrous 

forms of the serpentine and amphibole 
minerals (Table 2-1) are indistinguish
able by XRD techniques uniess special 
aample preparation techniques and 
instrumentation are used,* the 
presence of nonesbestiform 
serpentines and amphiboles in a 
sample wi l l pose severe interference 
problems in the identification and 
quantitative analysis of their asbesti
form analogs. 

The use of XRD for identification and 
quantitation of asbestiform minerals in 
bulk samples may also be limited by 
the presence of other interfering 
materials in the sample. For naturally 
occurring materials the eommoniy 
associated asbestos-related mineral 
interferences can usually be 
anticipated. However, for fabricated 
materials the nature of the interfer
ences may vary greatiy (Table 2-3) and 
present more serious problems in 
identification artd quantitation. *° 
Potential interferences are 
summarized in Table 2-4 and include 
the following: 
e Chlorite has major peaks at 7.19 A 

and 3.58 A that interfere with both 
the primary (7.36 A) and secondary 
(3.66 A) peaks for chrysotile. 
Resolution of the primary peak to 
give good quantitative results may 
be possible when a step-scanning . 
mode of operation is employed, 

e ^a/Zoys/te has a peak at 3.63 A that 
interferes with the secondary (3.66 
A) peak for chrysotile. 

e Kaolinite has a major peak at 7.15 
A that may interfere with the 
primary peak of chrysotile at'7.36 
A when present at concentrations 
of >10 percent. However, the 
secondary chrysotile peak at 3.66 
A may be used for quantitation, 

e Gypsum has a rnajor peak at 7.5 A 
that overlaps the 7.36 A peak of 
chrysotile when present as a major 
sample constituent. This may be 
removed by careful washing with 
distilled water, or by heating to 
300°C to convert gypsum to plaster 
of pahs, 

e Cellulose has a broad peak that 
partially overlaps the secondary 
(3.66 A) chrysotile peak.* 

e Overlap of major diagnostic peaks 
of the amphibole asbestos 
minerals, amosite, anthophyllite, 
crocidolite, and tremolite, at 
approximately 8.3 A and 3.1 A 
causes mutual interference when 
these minerals occur in the 
presence of one another. In some 
instances adequate resolution may 
be attained by using step-scanning 
methods and/or by decreasing the 
collimator slit width at the X-ray 
port, 

e Carbonates may also interfere with 
quantitative analysis of the amphi
bole asbestos minerals, amosite. 
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anthophyllite, crocidolite, and 
tremolite. Calcium cart>onate 
(CaCOa) has a peak at 3,035 A that 
overlaps major amphibole peaks at 
approximately 3,1 A when present 
in concentrations of >5 percent. 
Removal of cart>onates with a 
dilute acid wash is possible; 
however, if present, chrysotile may 
be partially dissolved by this 
treatment." 

e A major tele peak at 3.12 A inter
feres with the primary tremolite 
peak at this same position and with 
secondary peaks of crocidolite 
(3,10 A), amosite (3,06 A), and 
anthophyllite (3,05 A), In the 
presence of talc, the major 
diagnostic peak at approximately 
8,3 A should be used for 
quantitation of these asbestiform 
minerals. 

The problem of intraspecies and 
matrix interferences is further 
aggravated by the variability of the 
silicate mineral powder diffraction 
panerns themselves, which often 
makes definitive identification of the 
asbestos minerals by comparison with 
standard reference diffraction patterns 
difficult. This variability results from 
alterations in the crystal lattice 
associated with differences in 
isomorphous substitution and degree 
of crystalllnity. This is especially true 
for the amphiboles. These minerals 
exhibit a wide variety of very similar 
chemical compositions, with the result 
being that their diffraction patterns are 
characterized by having major (110) 
reflections of the monoclinic 
amphiboles and (210) reflections of the 
onhorhombic anthophyllite separated 
by less than 0.2 A.^' 

2 .3.2 Matrix Effects 
If a copper X-ray source is used, the 

presence of iron at high 
concentrations in a sample wil l result 
in significant X-ray fluorescence, 
leading to loss of peak intensity 
with increased background intensity 
and an overall decrease in sensitivity. 
This situation may be corrected by 
use of an X-ray source other than 
copper; however, this is ohen accom
panied both by loss of intensity and by 
decreased resolution of closely spaced 
reflections. Ahernatively, use of a 
diffracted beam monochromator will 
reduce background fluorescent 
radiation, enabling weaker diffraction 
peaks to be detected. 

X-ray absorption by the sample 
matrix wil l resuft in overall anenuation 
of the diffracted beam and may 
seriously interfere with quantitative 
analysis. Absorption effects may be 

minimized by using sufficiently " th in " 
samples for analysis."'^''^' However, 
unless absorption effects are known to 
be the same for both samples and 
standards, appropriate corrections 
should be made by referencing 
diagnostic peak areas to an internal 
standard^-* or filter substrate (Ag) 
peak.'-* 

2.3.3 Particle Size Dependence 
Because the intensity of diffracted 

X-radiatibn is particle-size dependent, 
it is essential for accurate quantitative 
analysis that both sample and 
standard reference materials have 
similar particle size distributions. The 
optimum particle size (i.e., fiber length) 
range for quantitative analysis of 
asbestos by XRD has been reported to 
be 1 to 10 pm,^* Comparability of 
sample and standard reference material 
particle size distributions should be 
verified by optical microscopy (or 
another suitable method) prior to analysis, 

2.3.4 Preferred Orientation Effects 
Preferred orientation of asbestiform 

minerals during sample preparation 
often poses a serious problem in 
quantitative analysis by XRD, A 
number of techniques have been 
developed for reducing preferred 
orientation effects in "thick layer" 
samples,^*" For " th in" samples 
on membrane filters, the preferred 
orientation effects seem to be both 
reproducible and favorable to 
enhancement of the principal diagnostic 
reflections of asbestos minerals, 
actually increasing the overall sensitivity 
of the method.", '* However, further 
investigation into preferred orientation 
effects in both thin layer and bulk 
samples is required. 

2.3.5 Lack of Suitably 
Characterized Standard Materials 

The problem of obtaining and 
characterizing suitable reference 
materials for asbestos analysis is 
clearly recognized. NIOSH has recently 
directed a major research effort toward 
the preparation and characterization of 
analytical reference materials, 
including esbestos standards;^""^^ 
however, these are not available in 
large quantities for routine analysis. 

In addition, the problem of ensuring 
the comparability of standard 
refereVice and sample materials, 
particularly regarding crystallite size, 
particle size distribution, and degree of 
crystalllnity, has yet to be adequately 
addressed. For example, Langer et al,** 
have observed that in insulating 
matrices, chrysotile tends to break 
open into bundles more frequently 
than amphiboles. This results in a line-
broadening effect with a resuftant 

decrease in sensitivity. Unless this 
effect is the same for both standard 
and sample materials, the amount of 
chrysotile in the sample will be under
estimated by XRD analysis. To 
minimize this problem, it is 
recommended that standardized matrix 
reduction procedures be used for both 
sample and standard materials. 

2.4 Precision and Accuracy 
Precision of the method has not 

been determined. 
Accuracy of the method has not 

been determined. 

2.5 Apparatus 

2.5.1 Sample Preparation 
Sample preparation apparatus 

requirements will depend upon the 
sample type under consideration and 
the kind of XRD analysis to be 
performed. 
e Mortar end Pestle: Agate or 

porcelain 
e Razor Blades 
e Sample Mil l : SPEX, Inc., freezer 

mill or equivalent 
e Bulk Sample Holders 
e Silver Membrane Filters: 25-mm 

diameter, 0.45-/;m pore size. Selas 
Corp. of America, Flotronics Div., 
1957 Pioneer Road, Huntington 
Valley, PA 19006 

e Microscope Slides 
e Vacuum Filtration Apparatus: •. 5 

Gelman No. 1107 or equivalent, 
and side-arm vacuum flask. 

e Microbalance , -
e Ultrasonic Bath or Probe: Model 

W140, Ultrasonics, Inc., operated 
at a power density of approximately 
0.1 W/mL, or equivalent 

e Volumetric Flasks: 1 -L volume 
e Assorted Pipet 
e Pipet Bulb 
9 Nonserreted Forceps 
e Polyethylene Wash Bottle 
e Pyrex Beakers: 50-mL volume 
e Desiccator 
e Filter Storage Cassettes 
e Magnetic Stirring Plate and Bars 
e Porcelain Crucibles 
e Muffle Furnace or Low Temprature 

Asher 
2.5.2 Sample A naly sis 

Sample analysis requirements 
include an X-ray diffraction unit, 
equipped with: 
e Constant Potential Generator: 

Voltage and mA Stabilizers 
e AutomatedDiffrectometer with 

Step-Scanning Mode 
e Copper Terget X-Rey Tube: High 

intensity; fine focus, preferably 
e X-Ray Pulse Height Selector 
e X-Rey Detector (with high voltage 

power supply): Scintillation or 
proportional counter 



e Focusing Grephite Crystel 
Monochrometor: or Nickel Filter (if 
copper source is used, and iron 
fluorescence is not a serious 
problem) 

e Data Output Accessories: 
Strip Chert Recorder 
Decade Sealer/Timer 
Digital Printer 

e Sample Spinner (optional) 
e Instrument Celibretion Reference 

Specimen: a-quartz reference 
crystal (Arkansas quartz standard, 
#180-147-00, Phitips Electronics 
Instruments, Inc., 85 McKee Drive, 
Mahwah, NJ 07430) or equivalent 

2.6 Reagents 

2.5. T Standard Reference Materials 
The reference materials listed below 

are intended to serve as a guide. Every 
attempt should be made to acquire 
pure reference materials that are 
comparable to sample materials being 
analyzed, 
e Chrysotile: UICC Canadian, or 

NIEHS Plastibest, (UICC reference 
materials available from: UICC, 

- MRC Pneumoconiosis Unit, 
Llandough Hospital, Penarth, 
Glamorgan, CF61XW, UK) 

e Crocidolite: UICC 
e "Amosite": UICC 
e Anthophyllite-Asbestos: UICC 
e Tremolite Asbestos: Wards Natural 

Science Establishment, Rochester, 
NY; Cyprus Research Standard, 
Cyprus Research, 2435 Military 
Ave.. Los Angeles. CA 90064 
(washed with dilute HCl to remove 
small amount of calcite impurity); 
Indian tremolite, Rajasthan State, 
India, 

0 Actinolite Asbestos: (Source to 
be determined), 

2 .6 .2 Adhesive 
Jape, petroleum jelly, etc, (for 

attaching silver membrane filters to 
sampte holders), 

2 .6.3 Surfactant 
1 Percent aerosol OT aqueous 

solution or equivalent. 

2 .6.4 Isopropanol 
ACS Reagent Grade. 

2.7 Procedure 
2 .7 .1 Sampling 

Samples for analysis of asbestos 
content shall be collected as specified 
in EPA Guidance Document #00090, 
Asbestos-Conteining Materials in 
School Buildings. ** 

2 .7 .2 Analysis 
Al l samples must be analyzed 

initially for asbestos content by PLM. 
XRD should be used as an auxiliary 
method when a second, independent 
analysis is^requested. 

Note: Asbestos is e toxic substance. 
A l l handling of dry materiels shouldbe 
performed in en oper et ing fume hood. 

2.7.2.1 Semple Preperation 
The method of sample preparation 

required for XRD analysis wil l depend 
on: (1) the condition of the sample 
received (sample size, homogeneity, 
particle size distribution, and overall 
composition as determined by PLM); 
and (2) the type of XRD analysis to be 
performed (qualitative or quantitative; 
thin layer or bulk). 

Bulk materials are usually received 
as inhomogeneous mixtures of 
complex composition with very wide 
particle size distributions. Preparation 
of a homogeneous, representative 
sample from asbestos-containing 
materials is particularly difficult 
because the fibrous nature of the 
asbestos mirterals inhibits mechanical 
mixing and stirring, and because 
milling procedures may cause adverse 
lattice alterations. 

A discussion of specific matrix 
reduction procedures is given below. 
Complete methods of sample prepara
tion are detailed in Sections 2,7.2.2 
and 2,7.2.3. Note: A l l semples should 
be exemined microscopicelly before end 
efter each matrix reduction step to 
monitor changes in semple perticle size 
distribution, composition, end crystel-
linity, end to ensure semple representa
tiveness and homogeneity for analysis. 

2.7.2.1.1 Milling—Mechanical 
milling of asbestos materials has been 
shown to decrease fiber crystalllnity, 
with a resuftant decrease in diffraction 
intensity of the specimen; the degree 
of lattice afteration is related to the 
duration and type of milling 
process,'*""Therefore, all milling 
times should be kept to a minimum. 

For quelitetive enelysis, particle size 
is not usually of crftical importance 
and inftial characterization of the 
material with a minimum of matrix 
reduction is often desirable to 
document the composition of the 
sample as received. Bulk samples of 
very large particle size (>2-3 mm) 
should be comminuted to ~100 / im , A 
mortar and pestle can sometimes be 
used in size reduction of soft or loosely 
bound materials though this may 
cause matting of some samples. Such 
samples may be reduced by cutting 
with a razor blade in a mortar, or by 
grinding in a suitable mill (e,g., a 
microhammer mill or equivalent). 
When using a mortar for grinding or 
cutting, the sample should be 
moistened with ethanol, or some other 
suitable wetting agertt, to minimize 
exposures. 

For accurate, reproducible quantita
tive analysis, theparticte size of both 
sample and standard materials should 
be reduced to —lO/i/m (see Section 
2,3.3), Dry ball milling at liquid 
nftrogen temperatures (e.g., Spex 
Freezer Mil l, or equivalent) for a 
maximum time of 10 min is 
recommended to obtain satisfaaory 
particle size distributions while 
protecting the integrity of the crystal 
lattice.* Bulk samples of very large 
panicle size may require grinding in 
xwo stages for full matrix reduction to 
<10 / f l n , * ' * 

Firtal panicle size distributions 
should always be verified by optical 
microscopy or another suftable 
ntethod. 

2.7.2,1.2. Low temperature ashing— 
For materials shown by PLM to contain 
large amounts of gypsum, cellulose, or 
other organic materials, ft may be 
desirable to ash the samples prior to 
analysis to reduce background 
radiation or matrix interference. Since 
chrysotile undergoes dehydroxylation 
at temperatures between 550°C and 
650°C, wfth subsequent 
transformation to forsterrte,"-'* ashing 
temperatures should be kept below 
500°C. Use of 8 low temperature 
asher is recommended. In all cases, 
calibration of the oven is essential to 
ensure that a maximum ashing 
temperature of 500°C is not exceeded, 

2,7.2,1.3 Acid leaching—Because of 
the interference caused by gypsum 
and some carbonates in the detection 
of asbestiform minerals by XRD (see 
Section 2.3,1), ft may be necessary to 
remove these interferents by e simple 
acid leaching procedure prior to 
analysis (see Section 1.7.2.2). 

2.7.2.2 Qualitative Anelysis 

2.7.2.2.1 Inftial screening of bulk 
material—Qualitative analysis should 
be performed on a representative, 
homogeneous ponion of the sample 
with a minimum of sample treatment 
using the following procedure: 

1. Grind and mix the sample wfth a 
monar and pestle (or equivalent 
method, see Section 2.7.2.1.1) to a 
final panicle size sufficiently small 
(—100 pm) to allow adequate 
packing into the sample holder. 

2. Pack sample into a standard bulk 
sample holder. Care should be 
taken to ensure that a representa
tive ponion of the milled sample is 
selected for analysis. Panicular 
care should be taken to avoid 
possible size segregation of the 
sample. (Note: Use of a back
packing method'^ for bulk sample 
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preparation may reduce preferred 
orientation effects.) 

3. Mount the sample on the diffrac-
tometer and scan over the 
diagnostic peak regions for the 
serpentine (—7.4 A) and amphibole 
(8.2-8.5 A) minera/s (see Tabie 
2-2). The X-ray diffraction equip
ment should be optimized for 
intensity. A slow scanning speed 
of 1 ° 2B/m\n is recommended for 
adequate resolution. Use of a 
sample spinner is recommended. 

4. Submit all samples that exhibit 
diffraction peaks in the diagnostic 
regions for asbestiform minerals to 
a full qualitative XRD scan (5°-60° 
2B; 1° 2fi/min) to verify initial peak 
assignments and to identify 
potential matrix interferences 
when subsequent quantitative 
analysis is to be performed. 

5. Compare the sample XRD pattern 
with standard reference powder 
diffraction patterns (i.e., JCPDS 
powder diffraction data ' or those 
of other well-characterized 
reference materials). Principal 
lattice spacings of asbestiform 
minerals are given in Table 2-2; 
common constituents of bulk 
insulation and wall materials are 
listed in Table 2-3. 

2.7,2,2,2 Detection of minor or trace 
constituents—Routine screening of 
bulk materials by XRD may fail to 
detect small concentrations (<5 
percent) of asbestos. The limits of 
detection will, in general, be improved 
if matrix absorption effects are mini
mized, and if the sample particle size is 
reduced to the optimal 1 to l O ^ m 
range, provided that the crystal lattice 
is not degraded in the milling process. 
Therefore, in those instances where 
confirmation of the presence of an 
asbestiform mineral at very low levels 
is required, or where a negative result 
from initial screening of the bulk 
material by XRD (see Section 
2.7.2.2.1) is in conflict with previous 
PLM resufts, it may be desirable to 
prepare the sample as described for 
quantitative analysis (see Section 
2.7.2.3) and step-scan over 
appropriate 26 ranges of selected 
diagnostic peaks (Table 2-2). Accurate 
transfer of the sample to the silver 
membrane filter is not necessary 
unless subsequent quantitative 
analysis is to be performed. 

2.7.2.3 Quantitative Analysis 
The proposed method for quantita

tion of asbestos in bulk samples is a 
modification of the NIOSH-
recommended thin-layer method for 
chrysotile in air.^ A thick-layer or bulk 

method involving pelletizing the 
sample may be used for semiquantita
tive analysis;^'* however, this method 
requires the addition of an internal 
standard, use of a specially fabricated 
sample press, and relatively large 
amounts of standard reference 
materials. Additional research is 
required to evaluate the comparability 
of thin- and thick-layer methods for 
quantitative asbestos analysis. 

For quantitative analysis by thin-
layer methods, the following procedure 
is recommended: 

1. Mill and size all or a substantial 
representative portion of the 
sample as outlined in Section 
2,7.2.1.1. 

2. Dry at 100°C for 2 hr; cool in a 
desiccator. 

3. Weigh accurately to the nearest 
0.01 rriQ. 

4. Samples shown by PLM to 
contain targe amounts of 
cellulosic or other organic 
materials, gypsum, or 
carbonates, should be submitted 
to appropriate matrix reduction 
procedures described in Sections 
2,7,2.1.2 and 2.7.2.1.3. After 
ashing and/or acid treatment, 
repeat the drying and weighing 
procedures described above, and 
determine the percent weight 
loss. L, 

5. Quantitatively transfer an 
accurately weighed amount (50-
100 mg) of the sample to a 1 -L 
volumetric flask wfth approxi
mately 200 mL isopropanol to 
which 3 to 4 drops of surfactant 
have been added. 

6. Uftrasonicate for 10 min at a 
power densfty of approximately 
0.1 W/mL, to disperse the 
sample material. 

7. Dilute to volume wfth 
isopropanol. 

8. Place flask on a magnetic stirring 
plate. Stir. 

9. Place a silver membrane filter on 
the fihration apparatus, apply a 
vacuum, and attach the 
reservoir. Release the vacuum 
and add several milliliters of 
isopropanol to the reservoir. 
Vigorously hand shake the 
asbestos suspension and 
immediately wfthdraw an aliquot 
from the center of the 
suspension so that total sample 
weight, WT, on the filter will be 
approximately 1 mg. Do not 
adjust the volume in the pipet by 
expelling pan of the suspension; 
if more than the desired aliquot 
is wfthdrawn, discard the aliquot 
and resume the procedure wfth a 

clean pipet. Transfer the aliquot 
to the reservoir. Filter rapidly 
under vacuum. Do not wash the 
reservoir walls. Leave the filter 
apparatus under vacuum until 
dry. Remove the reservoir, 
release the vacuum, and remove 
the filter with forceps. (Note: 
Water-soluble matrix interfer
ences such as gypsum may be 
removed at this time by careful 
washing of the filtrate with 
distilled water. Extreme care 
should be taken not to disturb the 
sample.) 

10. Attach the fiher to a flat holder 
with a suitable adhesive and 
place on the diffrectometer. Use 
of a sample spinner is 
recommended. 

11. For each asbestos mineral to be 
quantitated, select a reflection (or 
reflections) that has been shown 
to be free from interferences by 
prior PLM or qualitative XRD 
analysis and that can be used 
unambiguously as an index of 
the amount of material present 
in the sample (see Table 2-2). 

12. Analyze the selected diagnostic 
reflection(s) by step scanning in 
increments of 0,02° 2B for an 
appropriate fixed time and 
integrating the counts. (A fixed 
count scan may be used 
ahernatively; however, the 
method chosen should be used J.-
consistently for all samples and " 
standards.) An appropriate 
scanning interval should be 
selected for each peak, and 
background corrections made. 
For a fixed time scan, measure 
the background on-each side of 
the peak for one-half the peak-
scanning time. The net intensity, 
la. is the difference between the 
peak integrated count and the 
total background count. 

13. Determine the net count, lAg, of 
the filter 2,36 A silver peak 
following the procedure in step 
12. Remove the filter from the 
holder, reverse it, and reattach It 
to the holder. Determine the net 
count for the unattenuated silver 
peak, lAg. Scan times may be less 
for measurement of silver peaks 
than for sample peaks; however, 
they should be constant 
throughout the analysis. 

14. Normalize all raw, net intenshies 
(to correct for instrument instabil-
fties) by referencing them to an 
external standard (e,g„ the 3,34 
A peak of an a-quanz reference 
crystal). After each unknown is 
scanned, determine the net 



count, 1°, of the reference 
specimen following the 
procedure in step 12. Determine 
the normalized intensfties by 
dividing the peak intensfties by 
I?: 

I - i s - I 
la—joT. U Q I? andJi;,=i|»-

2.8 Calibration 

2.8.1 Preparation o f Calibration 
Standards 

1. Mil l and size standard asbestos 
materials according to the 
procedure outlined in Section 
2,7,2,1.1. Equivalent, 
standardized matrix reduction 
and sizing techniques should be 
used for both stendard and 
sample materiels. 

2. Dry at 100°C for 2 hr; cool in a 
desiccator. 

3. Prepare two suspensions of each 
standard in isopropanol by 
weighing approximately 10 and 
50 mg of the dry material to the 
nearest 0,01 mg. Quantitatively 
transfer each to a 1>L volumetric 
flask with approximately 200 mL 
isopropanol to which a few drops 
of surfactant have been added. 

4. Uftrasonicate for 10 min at a 
power densfty of approximately 
0,1 W/mL, to disperse the 
asbestos material. 

5. Dilute to volume wfth 
isopropanol. 

6. Place the flask on a magnetic 
stirring plate. Stir. 

7. Prepare, in triplicate, a series of 
at least five standard filters to 
cover the desired analytical 
range, using appropriate aliquots 
of the 10 and 50 mg/L suspen
sions. For each standard, mount a 
silver membrane fifter on the 
filtration apparatus. Place a few 
mL of isopropanol in the reservoir. 
Vigorously hand shake the 
asbestos suspension and immedi
ately wfthdraw an aliquot from the 
center of the suspension. Do not 
adjust the volume in the pipet by 
expelling part of the suspension; 
if more than the desired aliquot is 
wfthdrawn, discard the aliquot 
and resume the procedure wfth a 
clean pipet. Transfer the aliquot to 
the reservoir. Keep the tip of the 
pipet near the surface of the 
isopropanol. Filter rapidly under 
vacuum. Do not wash the sides of 
the reservoir. Leave the vacuum 
on for 8 time sufficient to dry the 
fitter. Release the vacuum and 
remove the fifter with forceps. 

2.8.2 Anafysis o f Calibration 
Standards 

1. Mount each fifter on a flat 
holder. Perform step scans on 
selected diagnostic reflections of 
the standards and reference 
specimen using the procedure 
outlined in Section 2.7.2.3, step 
12, and the same conditions as 
those used for the samples. 

2, Determine the normalized 
intensity for each peak 
measured, 1 ^ , as outlined in 
Section 2,7.2.3, step 14. 

2.S Calculations 
For each asbestos reference 

material, calculate the exact weight 
deposfted on each standard fifter from 
the concerttrations of the standard 
suspensions and aliquot volumes. 
Record the weight, w, of each 
standard. Prepare a calibration curve 
by regressing I M on w. Poor 
reproducibility (±15 percent RSD) at 
any given level indicates problems in 
the sample preparation technique, and 
a need for new standards. The data 
should fft a straight line equation. 

Determine the slope, m, of the 
calibration curve in 
counts/microgram. The intercept, b, of 
the line wfth the l m axis should 
t>e approximately zero. A large 
negative intercept indicates an error in 
determining the background. This may 
arise from incorrectly measuring the 
baseline or from interference by 
another phase at the angle of back
ground measurement. A large positive 
intercept indicates an error in 
determining the baseline or that an 
impurity is included in the measured 
peak. 

Using the normalized intensfty,!««, 
for the anenuated silver peak of a 
sample, and the corresponding 
normalized intensity from the unanenu-
ated sitver peak, iXs. of the sample 
filter, calculate the transminance, T, 
for each sample as follows:"- '^ 

T = } ^ 
'AS 

Determine the correction factor, f(T), 
for each sample according to the 
formula: 

where 

f(T) = 

R = 

-R(lnT) 
I-T" 

Sin^Ae 

Sin0. 

Calculate the weight, W*, in 
micrograms, of the asbestos material 
analyzed for in each sample, using the 
appropriate calibratioD data and 
absorption corrections: 

W . = l . f ( t ) - b 
m 

Calculate the percent composition. 
Pa, of each asbestos mineral analyzed 
for in the parent material, from the 
total sampte weight, WT. on the fifter: 

p . . W . ( 1 - . 0 1 U ^ , 0 0 

. W T 

where 

• Pa = percent asbestos mineral in 
parent material; 

Wa s mass of asbestos mineral on 
fifter, in /ug;' 

WT = total sample weight on fifter, in 

m: 
L - percent weight loss of parent 

material on ashing and/or acid 
treatment (see Section 2.7.2.3). 
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Table 2-2. Principal lattice spacings of asbestiform minerals. 

JCPDS 
Principal d-spacings ( ^ Powder diffraction file "̂  

Minerals and relative intensities number 

Serpentine 
Chrysotile 

Amphibole 

Anthophyllite asbestos 
Cummingtonite-grunerite 

asbestos ("Amosite") 
Crocidolite 
Tremolite asbestos 
Actinolite asbestos 

Antigorite, lizardite 

Anthophyllite 
Cummingtonite-

grunerite 
Riebeckite 
Tremolite 
Actinolite 

Chrysoti le 

" A m o s i t e " 

Anthophyl l i te 

Act inol i te 

Crocidolite 

Tremolite 

7.37 too 
7.35100 
7.10,00 

8.33,00 
8.22,00 

305,00 
3.06,00 

2.72,00 

8.35,00 

8.38,00 
2706 ,00 
3.13,00 

3.6510 
3.6690 
2.33eo 

3.06 70 
3 . 0 6 0 K 

3 . 2 4 ^ 
8.3370 

2.54,00 

3 . 1 0 K 

3.12,00 
3. M95 
2 .706w 

4.57to 
2 . 4 5 K 

3.5570 

2 75670 
3.2570 

5.2555 
3.2350 

3.40ao 

2.72035 

2 1 - 5 4 3 " 
25 -645 
2 2 - 1 1 6 2 (theoretical) 

17- 745 (nonf ibrous) 
2 7 - 1 1 7 0 (UICC) 

9 -455 
16-401 (synthetic) 

2 5 - 1 5 7 

2 7 - 1 4 1 5 (UICC) 

2.70590 13 -437 " 
8.43*0 2 0 - 1 3 1 0 " (synthetic) 
8.44*0 23 -666 (synthetic 

mix tu re w i th r ichter i te) 

'This informalion is intended as a guide, only Complele powder dil lraclion data, 
including mineral lype and source, should be referred to. to ensure comparability 
of sample and reference materials where possible. Additional precision XRD dala 
on amosite. crocidolite. tremolite, and ehrysotile are available Irom the 
U. S Bureau of Mines^ Relsrence 4. 

" f r o m Peference 3. 
Fibrosity questionable. 

<!rU, S, GOVERNMENT PRINTING OFFICE. 1983/659-095 /0566 
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ra6/e 2 ' 3 . Common constituents in insulation and 
wall materials (from Ref 10) 

A. Insulation materials 

Chrysotile 
"Amosite" 
Crocidolite 
'Rock wool 
*Slag wool 
'Fiber glass 
Gypsum [CaSO* - 2H2O) 
Vermiculite {micas) 
'Perlite 
Clays Ucaolin) 
'Wood pulp 
'Paper fibers {talc. clay. 

carbonate fillers) 
Calcium silicates {synthetic) 
Opaques (chromite, magnetite 

irtclusions in serpentine) 
Hematite (inclusions in 

"amosite") 
Megnesite 
'Diatomaceous earth 

B. Spray finishes or paints 

Bassanite 
Carbonate minerals {calcite, 

dolomite, vaterite) 
Talc 
Tremolite 
Anthophyllite 
Serpentine {including chrysotile) 
"Amosite*^ 
Crocidolite 
'Minere l wool 
'Rock wool 
'Slag wool 
'Fiber glass 
Clays {kaolin) 
Micas 
Chlorite 
Gypsum {CaS04-2H20) 
Quartz 
'Organic binders and thickeners 
Hydromagnesite 
Wollastonite 
Opaques {chromite, magnetite 

inclusions in serpentine) 
Hematite {inclusions in 

"amosite") 

Table 2-4. 

.Asbestiform 
mineral 

Interferences in XRD analysis 
of asbestiform minerals 

Primary diagnostic 
peaks (approximate 

d-spaeings irt Aj Interference 

Serpentine 
Chrysotile 

Amphibole 
"Amosite" 
Anthophyllite 
Crocidolite 
Tremolite 

'Amorphous meterials—contribute only to overall scattered ' radiation 
and increased background radiation. 

7.4 Nonesbestiform ser
pentines {antigorite, 
lizardite) 
Chlorite 
Keolinite 
Gypsum 

3.7 Nonesbestiform serp
entines, (antigorite. 
lizerdite) 

Chlorite 
Helloysite 
Cellulose 

3.1 Nonesbestiform amphi
boles {cummingtonite-
grurterite. anthophyllite, 
riebeckite. tremolite) 
Mutuel interferences 
Carbonates 
Talc 

8.3 Nonesbestiform 
amphiboles (cumming
tonite. grunerite. 
anthophyllite, reibeckite, 
tremolite) 
Mutual interferences 

United States 
Environmental Protection 
Agency 

Center for Environmental Resesrch 
Information 
Cincinnati OH 45268 

Postage and 
Fees Paid 
Environrrtental 
Protection 
Agency 
EPA 335 

Official Business 
Penalty for Privaie Use t300 
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ASBESTOS IN SOIL 

C J ia lyte : Asbestos 
(weight percent in s o i l , 
sediment, or sludge) 

Range: 

Application: Soil, sediment, and 
sludge contamination 
Including hazardous 
vaste sites. 

Precision: 

Matrix: Soil, sediment, sludge 

Procedure: Transmission Electron 
Microscopy (TEM) with 
Energy Dispersive X-ray 
Spectrometry (EDS) 

Date Issued: Collaboratively Tested: No. 
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1. INTRODUCTION. 

1:1. 

1.2. 

1.2.1. Detection Limit of Overall Procedure. 

1.2.2. Reliable Quantitation Limit. 

1.2 .3 . Acctiracy and P rec i s ion . 

1.3. GENERAL COMMENTS. 

1.3.1. Sanple p r epa ra t i on t i n e for a s i ng l e sample i s es t imated t o be 

approxinately e igh t hours . However, vhen groups of samples are 

prepared s imultaneously, th i s time i s reduced. Estinated EM times 

of e i g h t and four hours for windows and f i e l d of view analyses 

respectively appear to be reasonable. Additional costs are incurred 

on analyzing count data and reporting of r e s u l t s . 

1.3.2. EM a n a l y s i s for asbestos I s tedious work, and places great demands 

on the mic roscop i s t . As a r e s u l t , the n i c r o s c o p l s t s h o u l d be 

accorded l a t i t u d e in the schedul ing of breaks to co inc ide v i t h 

natural stopping places in the ana lys i s (such as f i n i s h i n g a g r id 

opening or a f i e l d of v iew) . Lack of c o n s i d e r a t i o n of operator 

discomfort or fatigue v i l l r esu l t in less- r e l i ab le analyses. 

• 

1.3.3. This nethod has been developed for analysis of asbestos in soil, 

sediment or sludge. It is Imperative that the sanple be ground 

sufficiently to produce individual fibrils or small fiber bundles 

that will be unlfornly distributed vhen filtered through a 0.1 

nicron polycarbonate membrane filter. 
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2. LABORATORY REQUIREMENTS. 

2 . 1 . Appa ra tus . 

2 . 1 . 1 . MICROBALANCE a c c u r a t e t o a few m i c r o g r a m s s h o u l d be l o c a t e d i n a 

t e m p e r a t u r e a n d h u m i d i t y c o n t r o l l e d chamber f o r g r a v i m e t r i c 

a n a l y s i s . 

2 . 1 . 2 . INFRARED LAMP f o r r a p i d e v a p o r a t i o n of w a t e r and a l c o h o l from the 

sample . 

2 . 1 . 3 . AUTOMATIC MORTAR GRINDER fo r wet comminution and homogenation of the 

s a n p l e . 

2 . 1 . 4 . EM PREPARATION ROOM c o n t a i n i n g a l amina r flow c l a s s 100 c l e a n bench 

t o minimize c o n t a m i n a t i o n d u r i n g sample p r e p a r a t i o n . 

2 . 1 . 5 . ULTRASONIC BATH n e c e s s a r y f o r d i s p e r s i o n of p a r t i c l e s and f i b e r s 

th roughou t t h e s o l u t i o n and f o r g e n e r a l c l e a n i n g . 

2 . 1 . 6 . VACUUM TYPE MEMBRANE FILTERING APPARATUS t o f i l t e r t h e s a m p l e 

s u s p e n s i o n s . I n c l u d e s : a vacutun pump o r "house" vacuum c a p a b l e of 

p r o v i d i n g up t o 20 Inches of mercury n e g a t i v e p r e s s u r e ; a f i l t e r i n g 

assembly c o n s i s t i n g of a l - l i t e r s i d e - a r m f l a s k , " M i l l i p o r e " Coarse-

f r i t g l a s s s u p p o r t v i t h funnel and c l ^ p f o r sample c o l l e c t i o n on a 

0 . 1 m i c r o n p o r e s i z e p o l y c a r b o n a t e membrane f i l t e r v i t h a 0 . 4 5 

n i c r o n pore s i z e c e l l u l o s e a c e t a t e back ing f i l t e r . 

•4 . 



2.1.7. VACUUM EVAPORATOR equipped vith a rotating turntable necessary to 

coat the polycarbonate menbrane filter containing the sanple vith a 

thin layer of spectrochemically pure carbon. 

2.1.8. MODIFIED JAFFE-WICK WASHER required for dissolving polycarbonate 

nembrane filters (see references Samudra; Yamate). 

2.1.9. TEM (TRANSMISSION ELECTRON MICROSCOPE) vith energy dispersive X-ray 

spectroneter (EDS) is needed for analysis. It is desirable for the 

microscope to have a scanning attachment for secondary electron 

Imaging (SEI) do that particle surfaces can be examined. It should 

be capable of obtaining "microbean" diffraction pattems fron the 

sane size area. For fiber length and vldth neasurenents , the 

microscope should be equipped vlth a fluorescent vievlng screen 

vhich is Inscribed vith graduated circles of knovn radii, or the 

eyepiece of the binoculars should contain a reticle vith a sqtiare 

grid area, such as a nicroneter net reticle subdivided Into IQD 

squares. 

t 

2.2. Reagents. 

2.2.1. 95 percent ETHYL ALCOHOL used to facilitate grinding and prevent the 

fibers fron beconing airbome. Also used for cleaning. 

2.2.2. ULTRAFILTERED DISTILLED WATER (XX dH20) distilled vater that has 

been filtered through a 0.1 micron filter to 'be used as a carrying 

fluid for the ground sanple and for rinsing Inplenents. 



2.2.3. 0.1 percent AEROSOL O.T. SOLUTION that has been filtered through a 

0.1 pore size filter used to aid dispersion of particles and fibers 

throughout the sample suspension. 

( 

2.2.4. CHLOROFORM, the clearing agent for polycarbonate nembrane filters. 

% .' 
• I 

2.3. Miscellaneous. 

2.3.1. Weighting paper, various spatulas, pyrex glassware, magnetic stirrer 

and stirbars, iron mortar and pestle, an accurate pipettor vith tips 

for 1 milliliter aliquots, 400 mesh copper grids, various forceps, 

scalpels, and various storage items (transparent tape, plastic petri 

dishes, vials, labels, etc.). 

3. ANALYTICAL PROCEDURE. 

3.1. Sample Preparation. 

3.1.1. GRINDING. 

Manually grind an aliquot if the sample vetted vith 95 percent ethyl 

alcohol into small enough fragments for comminution by an automatic 

mortar grinder. Make sure the sample remains vet vith alcohol to 

facilitate grinding and prevent the fibers' from becoming airborne. 

Transfer the sample to an automatic mortar grinder to be ground for 

6 hours. Periodically check the slurry to be certain that a 

sufficient quantity of alcohol is alvays present. The ground 

' 6 ' 



s o i l / a l c o h o l n i x t u r e s h o u l d t h e n b e t r a n s f e r r e d t o a p y r e x 

con t a ine r . Dry the sanple by r a d i a n t hea t i n a fune hood. 

.. '^.1.2. WEIGH AND SONICATE. 

A v e i g h e d a l i q u o t ( a p p r o x i n a t e l y 0 .01 grans) of the grotind, d r i ed 

s o i l I s p laced i n to a l abe led 100 m i l l i l i t e r g r a d u a t e d c y l i n d e r or 

s i m i l a r , Q .S . t o v o l u n e v l t h XX dH20 and add 1 n i l l l l l t e r of 0 .1 

j ; \J^-O'-'^''"^ pe rcen t ae roso l O.T. s o l u t i o n . Mix thoroughly. Sonicate for 1 hour 

a t maximun I n t e n s i t y In an t i l t r a son ic b a t h . 

3 . 1 . 3 . FILTER. 

Position a "Millipore" coarse-frit glass support upon a l-liter 

side-am flask. Wet vlth XXdH20 and vacuun through. Using XXdH20 

rinsed forceps, place a 0.45 micron cellulose acetate filter onto 

the support. Allov the filter to become vet by adding more XXdH20 

If necessary, then vacutim thr'ough. A 0.1 micron polycarbonate 

membrane filter (shiny side up) Is stacked on top of the 0.45 micron 

filter. Complete assembly If the filtering apparatus by positioning 

and clamping the filter funnel. Without vacuum, pour about 25 

milliliters of XXdH20 into the funnel to pretreat the filters and 

allov to stand a fev minutes. Mix the sample thoroughly. Transfer 

a 1 milliliter aliquot of the solutioii' Into the prepared filter 

funnel. To Insure an even distribution ̂ f the soil particles In the 

filter, move the pipette tip around vhile dispensing. Tum on the 

vacuun and filter the entire volime. 
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3 . 1 . 4 . CARBON COAT. 

Renove t h e membrane f i l t e r , v i t h the sample s i d e u p , t o t h e b o t t o m 

h a l f o f a 100 m i l l i m e t e r p l a s t i c p e t r i d i s h and t ape down a long t h e 

edged. Coat v i t h carbon i n a vacuun e v a p o r a t o r a s soon as p o s s i b l e . 

P l a c e t h e s a m p l e o n t o t h e t u r n t a b l e i n t h e vacuum e v a p o r a t o r , ' 

evacua t e t h e c h a m b e r , and d e p o s i t an a p p r o x i m a t e l y 40 n a n o m e t e r 

t h i c k n e s s of c a r b o n , w h i l e r o t a t i n g t h e t u r n t a b l e ( a c c o r d i n g t o 

m a n u f a c t u r e r ' s i n s t r u c t i o n s ) . The e v a p o r a t i o n shou ld be c a r r i e d ou t 

i n s h o r t b u r s t s t o p r e v e n t o v e r h e a t i n g and consequent d e g r e d a t i o n of 

t h e f i l t e r m a t e r i a l . Such d e g r e d a t i o n makes d i s s o l u t i o n of t h e 

f i l t e r v i r t u a l l y i m p o s s i b l e . S l o v l y r e t u r n t h e chamber t o 

a tmospher ic p r e s s u r e . Remove t h e sample , cover v i t h t h e p e t r i d i s h 

l i d , and s t o r e on t h e c l e a n bench u n t i l r eady t o p r e p a r e t h e g r i d s . 

3 . 1 . 5 . GRID PREPARATION. 

The p a r t i c l e s on t h e f i l t e r s u r f a c e a l o n g v i t h t h e einbedding carbon 

c o a t i n g a r e t h e n t r a n s f e r r e d t o 400 mesh copper e l e c t r o n n i c r o s c o p e 

g r i d s i n t h e c l e s n a i r hood and " c l e a r e d " by means of t h e Modif ied 

J a f f e - W i c k W a s h e r . Four s e c t i o n s a r e c u t f rom v i d e l y s e p a r a t e 

p o r t i o n s o f t h e f i l t e r s o t h a t an a s s e s s n e n t c a n b e nade of t h e 

t m i f o r n i t y of t h e f i l t e r d e p o s i t . C o n p l e t e d i s s o l u t i o n o f t h e 

n e n b r a n e r e q u i r e s 72 h o u r s a t t e n p e r a t u r e s a b o v e 68 d e g r e e s 

F a r e n h e i t ( l o n g e r a t l o v e r t e m p e r a t u r e s ) . A f t e r c l e a r i n g , t h e g r i d s 

a r e s t o r e d e i t h e r i n an EM g r i d s t o r a g e box o r a c l e a n 50 n l l l i n e t e r 

p l a s t i c p e t r i d i s h on c l e a n , l a b e l e d f i l t e r p a p e r . T h e g r i d 

l o c a t i o n s shou ld be n o t e d i n a l o g book. 
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3.2. TEM Analysis. 

3.2.1. SUGGESTED INSTRUMENT SETTINGS. 

3.2.1.1. Accelerating volta-e: 100 KV 

3.2.1.2. Magnification: 

200 - 1,000X for assessing the quality 

of the grid and particulate loading, as 

veil as for selection of grid openings 

for analysis. 
• 

20,000 - 50,000X ( to ta l v l th or vi thout 

binocular viev) for detai led analys is . 

3 .2 .1 .3 . Brightness: Bean b r i g h t n e s s should be ad jus ted during scanning 

p r o c e d u r e such t h a t f e a t u r e s are J u s t c l e a r l y v i s i b l e . High 

b r i g h t n e s s i s undes i rab le for tvo r e a s o n s . F i r s t , b r i g h t n e s s 

( e l e c t r o n f lux) should be ninlnized to prevent radia t ion danage to 

chrysot i le f i b e r s , and second, v i ev lng a h igh b r i g h t n e s s screen 

reduces the opera tor dark adaptatloYi, conpronislng the a b i l i t y to 

see veak electron diffract ion p a t t e m s . 

3 .2.1.4. D i f f r a c t i o n : I f p o s s i b l e , microbeam d i f f r a c t i o n should be tised 
a a 

rather than selected area diffraction. Microbeam diffraction is 

carried out by exciting all lenses belov the specimen in the sane 

vay as for selected area diffraction. The condenser lens systen is 
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adjusted so that a narrow, coherent beam is incident on the sample. 

This can be accomplished by highly exciting the first condenser 

lens, and using a small (10 - 60 micron) second condenser apperture. 

The extent of the beam determines the diffracting area, and can be 

made as small as a fibril diameter if desired. An image can be 

viewed in this mode by expanding the beam slightly by underexciting 

the second condenser lens, and slightly overexciting the 

Intermediate condenser (diffraction)lens. Once the beam Is centered 

on the desired fiber, the second condenser lens can be used to 

converge the beam onto the fiber. The diffraction pattem will then 

be visible. If selected area diffraction must be used, care must be 

taken to adjust the objective lens current for proper focus. 

Microbeam diffraction Is preferred over selected area diffraction 

because the the focus Is not critical for visibility of the pattern. 

Furthermore, contamination of the pattem with spots from closely 

adjacent materiai can be prevented by careful location of the beam. 

3.2 .2 . MAGNIFICATION CALIBRATION. 

The magnification a t the f luorescent s c r e e n must be de te rmined by 

c a l i b r a t i o n v i t h a d i f f r a c t i o n g ra t ing r e p l i c a in the specimen 

holder. If s i z ing of the f ibers i s c a r r i e d out using binocular 

vievlng (to f ac i l i t a t e diffraction pa t t em viewing), the calibration 

should be carried out (with the fluorescent screen t i l t e d ) in both 

hor i zon ta l and v e r t i c a l d i rec t ions because of ver t ica l stretching 

due to the screen t i l t . In t h i s case , f i b e r lengths should be 

m e a s u r e d i n bo th v e r t i c a l and h o r i z o n t a l components , the 

magnification corrected separately on the tvo components, and the 
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tvo components combined by the Pythagorean Theoren to yield the 

total length. Measured vidths should also be corrected based on the 

angle of the fiber from the vertical 0 and the two magnifications Mh 

and Mv according to the formula: 

2 2 
COS 0 SIN 0 

+ 
2 2 

Mv Mh 

Where Wt is the true fiber vidth, and W Is the apparent vldth on the screen. 

3.2.3. LOW-MAGNIFICATION sanple assessnent. 

At a nagnlfication of 200 - l.OOOX , assess the quality of the 

carbon flln, the clearing of the filter, and the unlfornlty of 

particle loading. Obviously contaninated, non-unlforn grids, or 

grids vlth many broken or folded vlndovs should be rejected.* 

I 

3.2.4. HIGH-MAGNIFICATION analysis. 

At a magnification of 20,000 - SO.OOOX define a "gate" through vhich 

the sanple vill be vieved and analyzed. This can be the rectangular 

central portion of the fluorescent screen or if binocular viewing is 

used, the area vill be much smaller, and .may be defined by an 

enclosed figure scribed on a reticule. A high magnification scan of 

the grid should be used to determine vhether the "field of viev" 
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method or full grid "vindow" nethod shsll be instituted for sample 

analysis. This determination is based on the average number of 

fibers, with an aspect ratio greater than 3:1, observed per window. 

As a general guideline, when scanning shows less than 20 fibers per 

grid window the grid Is either rejected and the sample reprepped at 

a lower concentration level or aitalyzed at a higher magnification 

depending on the loading level. 

3.2.4.1. Selection of the grid opening or fleld of view should be on a seml-

random basis, that is to say, several videly dispersed areas of the 

grid should first be systematically selected, and then one opening 

or field of viev should be selected vithin each area. This helps, 

ensure detection of uneven distributions across large areas of the 

grid. 

3.2.4.2. The size of the selected area nust be accurately neasurable. In the 

case of the "window" nethod, the average grid opening for a batch of 

grids should be deternlned by low nagnlfication nlcrography of 

several openings. For this measurement, light, scaiuiing electron, 

or transmission electron microscopy can be used, but the measurement 

must be done with an Instmment for which the magnification used has 

been independently calibrated. Account should be taken of the 

rounding of the corners of the openings. Finally, during actual 

asbestos aiuilysls, only grid openings of the standard shape (square 

vith round corners) should be selected for detailed analysis. The 

analyst Should be avare of selecting openings of Irregular shape due 

to gross grid Imperfections. 
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If the "field of view" nethod is used, the dinensions of the defined 

"gate" are deternlned by neans of a nag-calibration grating replica 

and are tosed to calculate the area. 

( 

3.2 .4 .3 . Fiber ident i f ica t ion . When a suspected asbestos-containing par t ic le 

i s d e t e c t e d , scanning I s s topped. The presence of asbes tos i s 

conf l rned by e l e c t r o n d i f f r a c t i o n (See 3 . 2 . 4 . 4 . below). If the 

possible asbestos i s suspected c h r y s o t i l e for vhich d i f f r a c t i o n 

gives an anbiguous r e s u l t , energy dispersive X-ray analysis should 

be employed for confirmation (See 3.2.4.5.) 

3.2.4.4. E lec t ron d i f f r a c t i o n . E lec t ron d i f f r a c t i o n i s txsed for posit ive 

ident i f ica t ion of chryso t i l e a s b e s t o s . Once c h r y s o t i l e has been 

t e n t a t i v e l y I d e n t i f i e d by morphology (tubular, appearance, dianeter 

approxinately 35 to 50 ttanometers), a diffract ion p a t t e m should be 

ob ta ined . For t r a i n i n g purposes, i t Is tiseful to have micrographs 

of typical electron diffract ion pa t t ems of both he l i ca l and r i g h t -

cyl indr ical c l lno- and ortho-chrysoti le (See References 4.9 and 4.10 

and Figures 3 and 4 ) . For posi t ive i d e n t i f i c a t i o n , the following 

charac te r i s t i cs of the diffraction p a t t e m should be observed: 

1) The p a t t e m should be streaky In appearance, v i t h mi r ro r -

symmetric l aye r l i n e s perpendicular to the f iber axis a t 

the ( s i l i c a t e ) spacing of 1/5.32.'A. (See Figure 3 ) . 

2) Odd-numbered l a y e r l i n e s should con ta in s t r e a k s (hko 

re f lec t ions , h, k, odd) vhose in tens i ty var ies v i t h r ad ius 

as c y l i n d r i c a l Bessel functions symetrically placed about 
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the line parallel to the fiber axis. There should be no 

diffraction intensity at this center point, since this 

vould be hOO, and k must be odd. For helical polytypes, 

these streaks are split Into tvo streaks above and below 

the layer lines. See Figure 4 ) . The vertical splitting 

Increases vlth Increasing k. 

3) The zero layer line contains spots at a spacing of 1/7.3 A 

(001 reflections) together vlth streaks corresponding to 

the same lattice as is seen on the odd layer lines (OkO 

reflections with k even) at a spacing of a 1/4.6 A. For 

helical fibers, the OkO reflections wlll also be split. 

4) The even-numbered layer lines contain either pairs of split 

spots for the cllno-chrysotlle polytype (hOl and hOl, h -

even, 1 •• odd) or single spots spaced 1/14.6 A apart for 

ortho-chrysotile (hOl, h - even). The central spots on the 

second layer line are often missing, due to slight tilt of 

the fiber axis from perpendicular to the electron beam. 

3.2.4.5. Energy Dispersive X-ray Spectroscopy. 

Although suspected amphiboles should be checked for morphology 

( long, t h i n , s t r a i g h t - s i d e d c r y s t a l s ) and e l ec t ron diffraction, 

neither of these c r i t e r i a i s sufficient for positive i den t i f i c a t i on 

of anphiboles. Ideally, double-t i l t ing should be done to obtain two 

or three zone-axis d i f f r ac t i on p a t t e r n s ( reference 10) , but the 

s k i l l a n d / o r t r a i n i n g n e c e s s a r y for such an ana lys i s can be 

14. 



prohibi t ive, even when a double t i l t stage i s a v a i l a b l e . Ins tead , 

t he p r e s e n t nethod accepts the use of energy d i s p e r s i v e X-ray 

spectroscopy (EDS) for anphibole I d e n t i f i c a t i o n as well as for 

i d e n t i f i c a t i o n of c h r y s o t i l e for vhich no d i s t i n c t d i f f r ac t i on 

p a t t e r n can be d i s c e r n e d . Tht mic roscope m a n u f a c t u r e r ' s 

I n s t r u c t i o n s for oh ta in ing s p e c t r a should be fo l loved , and the 

spectra should be compared to l ibrary spectra obtained fron standard 

p r e p a r a t i o n s (See Figures 5, 6, 7, 8, and 9 and Reference 4.6) . 

Care should be taken to obtain spectra from other par t icu la te matter 

i f possible , to avoid the superposition of In terferr ing spectra^ 

3.2.4.6. Fiber Nomenclature. 

Asbestos fibers can be observed in various states of aggregation; 

either as single fibers, bundles (tvo or more fibrils In a parallel 

arrangement, vith fibrils closer together than one fiber thickness), 

, . ri. S c ^ and mats (tvo or more fibers in a random arrangement, but vhich are 

^̂ '̂  separated from at least one o.ther fiber in the mat by less than a 
I 

fiber dianeter somewhere along their length). Fibers, bundles, and 

mats may also be observed attached to non-asbestos particles. 

3.2.4.7. Particle sizing. 

Fiber lengths and .vidths are' measured and recorded. If measurement 

is done through binoculars equipped vlth a micrometer net reticle, 

the vertical and horizontal components of length are measured. 

Confirmed asbestos structures are categorized as individual fibers 

vhenever possible. Each fiber vithin a bundle or mat is sized 

15. 



separately but nay be counted as a single fiber. In cases where the 

fibrils within a bundle are tightly or nats very dense, the 

dimensions of the entire structure may be estimated and flagged on 

the count sheet. For fibers of which part of the length Is obscured 

by a particle, lengths should be increased from that actually 

observed according to the following rules: 

1) If the obscuring particle Is large enough for the actual 

length of the fiber to be twice that observed, record a 

value equal to twice the observed length. 

2) If the obscuring particle is large enough for the actual 

length of the fiber to be obscured, record a value equal to 

the length of the fiber plus the size of the particle. 

3) Lengths estimated in this vay should be flagged on the 

count sheet. 

3.2.4.8. Filter area to be analyzed. 

Enough grid "vlndovs" or "fields of view" should be analyzed for 

detection of at least 160 asbestos fibers. However, no greater than 

forty 400 mesh or ten 200 mesh grid windows should be analyzed. The 

analysis should be distributed evenly among the four grids. 

3.2.4.9. Counting rules. 

.16. 



1) "Window" nethod. At a t o t a l nagnlfication of 20,000 - 50,000X, 

a a e r i e s of p a r a l l e l t r a v e r s e s should be nade across the grid 

opening. Start ing at one comer, traverse the opening by novlng 

I t through the "gate", already established. Movenent through the 

gate i s s top-and-go, r a t h e r than con t inuous , t o a l l o v the 

operator t ine to visual ly Inspect each area of the opening as i t 

enters the gate. At the end of each t r a v e r s e , .the sanple i s 

moved one gate v l d t h , and a p a r a l l e l t r averse Is made In the 

opposite direct ion. This process i s continued u n t i l the e n t i r e 

g r i d open ing has been s c a n n e d . F i b e r measurements and 

Ident i f icat ion are recorded on a count sheet. 

2) "F ie ld of View" method. The area v i th in the established "gate" 

i s to exclusively be considered for a n a l y s i s . Only f i b e r s or 

p o r t i o n s of f i b e r s I d e n t i f i e d as a s b e s t o s , l y ing v i th in the 

"gate" boundaries are to be measured and cotinted. 

3 .3 . Data Analysis. 

3.3.1. Distribution uniformity check. 

. ) 

3.3.2. Total volvune calculat ion. 

) 

3.3.3. Concentration calculation. ^ ' 
# 

4. REFERENCES. 

5. FIGURE CAPTIONS. 
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KREWORD 

Nearly ^very phase of environnental protection depends on 
» capability to identify and neasure specific pollutants in 
the environaent. Aa part of this Laboratory's research on the 
occurrence, aoveaent, transforsation, ispact, and control of 
environaeneal contsainants, tbe Analytical Chealstry Branch 
develops and assesses new techniques Cor identifying cheaical 
constituents of water, and soil.. 

The widespread use of asbestos-containing aaterlals gives 
rise to concern about exposure of the general population to 
low level concentrations in air# water supplies, and food. 
Although, hazards associated with the inhalation of asbestos at 
high concentrations ace recognized, the health significance of 
ingested particles is not fully understood. An integral part 
of the U.S. Envlronaental Protection Agency's research into 
the health effects ef ezposure to this naturally occurring 
ainer al is the developnent of an accurate analysis nethod for 
deteraining its presence in water. To this end, this report 
presents • n interim SPA procedure for analytical laboratories 
to follow that would result in better agreement of analytical 
results. 

Oavid W. Duttweiler 
Director 
Envlronaental Research Laboratory 
Athens* Georgia 
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PREFACE 

In July 1976, the Prelininary Interia Method for Deter
aining Asbestos in Hater was issued by the D.S. Environnental 
Protection Agency's Environmental Research Laboratory in 
Athens, Georgia. That aethod was perceived as representing 
the current state-of-the-art in asbestos analytical method
ology. The objective of vriting the aethod waS to present a 
procedure that analytical laboratories could follow that woulJ 
result in a better agreement of analytical results. Since 
that tiae, a significant anount of additional experinental 
worlc has generated data that provide the basis for a aore 
definitive aethod than was possible previousjy. 

This revised Interia Method reflects the impcovenents 
that have been aade in asbestos analytical methodology since 
the initial procedure was drafted. The general approach to 
the analytical deterainatlon, however, remains the sane as 
previously outlined. That is, asbestos fibers are separated 
froa water by filtration on a sub-micron pore size membrane 
filter. The asbestos fibers are then counted, after 
dissolving the filter aaterial, by direct observation in a 
transaission electron aicroscope. 

The aajor change in the initial procedure is the elimina
tion of the condensation washer as a aeans of sanple prepara
tion. Intra- and inter-laboratory precision data for the 
aethod are presented. Also, a suggested statistical evalua
tion of grid :2iber counts is included. 



ABST31ACT 
I 

An interia electron aicroscope (Of) procedure for 
aeasurlng the concentration of asbestos ia water saaples is 
described. The aain features of the aethod include filtering 
the saaples through a sub-nicron polycarbonate aeabrane 
filter, exaaining an B4 speciaen grid in a transaission 
electron aicroscope (TSl), and verifying fiber identity by 
selected area eleetren diffraction. 

• 

This interia aethod is a revision of the procedure issued 
in 1976 and reflects the iaproveaents that bave been aade in 
asbestos analytical aethodology since that tiae. 

This report covers a' period froa July 1976 te ^ceaber 
1978 and-work waa coapleted as of Oeceabei 1978. 
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INTERIM METHOD 
FOR DETERMINING ASBESTOS IN WATER 

1. Scope and Application 

1.1 This aetnod is applicable to drinking water and 
water supplies. 

1.2 The nethod deteraines the nuaber of asbestos fibers 
per liter, the size (length and width) of the 
fibers, the s i z e distribution, and the total aass. 
The aethod distinguishes chrysotile froa aaphibole 
asbestos. The detection liaits are variable and 
depend upon the anount of total extraneous particu
late matter in the sanple as well as the contanina
tion level in the laboratory environnent. Under 
favorable circunstances, 0.01 aillion fibers per 
liter (KFL) can be detected. The detection liait 
for total aass of asbestos fibers is also variable 
and depends upon the fiber size and size distribu
tion in addition to the factors affecting the total 
fiber count. The detection liait under favorable 
conditions i s in the order ef 0.1 nanograa per 
liter (ng/L). 

1.3 The aethod is not intended to fumish a coaplete 
characterization of all the fibers in water. 

1.4 It is beyond tne- scope of this aethod to furnish 
detailed instruction in electron alcroscopy, 
electron diffraction, er crystallography. It is 
assuaed that those using this aethod will be suffi
ciently knowledgeable in these fields to understand 
the aethodology involved. 

1 2. Suaaary of Method 

2.1 ' A variable, known volune of water sanple is 
filtered through a 0.1 aicroaeter (un) Nuclepore 
filter to trap asbestos fibers and the filter is 
then carbon coated. A snail portion of the carbon 
coated filter with deposited fibers is placed on an 
electron aicroscope grid and the filter aaterial is 
reaoved by gentle solution in organic solvent. The 



material renaining on the electron microscope grid 
is ex-:£incd in a transmission aicroscope at a 

. magnification of about 20,000X. The asbestos 
fibers are identified by their morphology and 
electron diffraction patterns and their lengths and 
widths are measured. The total area examined in 
the electron .microscope is determined and the 
nuaber of asbestos fibers in this area is counted. 
The concentration in MFL is calculated from the 
number of fibers counted, the anount of wacer 
filtered, and the ratio of the total filtered area/ 
sampled filter area. The mass per liter is calcu
lated fron the assumed density and the volune of 
the fibers. 

3. Definitions 

Asbestos - A generic tern applied to a variety of 
conDnercially useful fibrous silicate minerals of 
the serpentine or anphibole mineral groups. 

Fiber - Any particulate that has parallel sides and a 
length/width ratio greater than or equal to 3:1. 

Aspect Ratio - The ratio of length to width. 

I Chrysotile - A nearly pure hydrated magnesium silicate, 
1^ the fibrous forn of tbe alneral serpentine, 
-̂- possessing a unique layered structure in vhich the 

layers are wrapped in a helical cylindrical aanner 
about the fiber axis. 

a 

Aaphibole Asbestos - A double rhain fibrous silicate 
aineral consisting of 5..402̂2.» laterally linked by 
various cations such as aluaintm, calciun, iron, 
aagnesiua, and sodiun. Anphibole asbestos consists 
of crocidolite and aaosite (the fibrous form of 
cunningtonite-gruenerite} , and the fibrotja forns of 
tremolite, actinolite, and anthophyllite. These 
ainerals consist of or contain fibers formed 
through natural growth processes. Mineral frag-
Bpnts that conf orn f) the definition of a fiber and 
that are formed through a crushing and Billing 

• process are analytically indistinguishable fron the 
naturally, forned fibers by this method. 

Detection Limit - The calculated concentration in MFL, 
equivalent to one fiber above the background or 
blank count (Section 8.6). 



statistically Significant - Any concentration based upon a 
total fiber count of 5 or aore in 20 grid squares. 

4. Saaple Handling and Preservation 

It is beyond the scope of this procedure to furnish . 
detailed instructions for. field saapling; the general 
principles cf obtaining water saaples apply. Soae 
specific considerations apply to asbes' % fibers, how
ever, because they are a special type of particulate 
•atter. These fibers are saallr and in water range in 
length froa 0.1 ua to 20 va er acre. Because of the 
range ef size there aay be a vertical distribution of 
particle sizes. This distribution will vary with depth 
depending upon the vertical distribution of teanerature 
as well as local aeteorological eonditions. Sampling 
should take place according to the objective of the 
analysis. Zf a representative saaple of a water supply 
is required, a carefully designated set ef saaples should 
be taken representing the vertical as well as the hori-
.zontal distribution and these saaples should be 
eoaposlted fee analysis. 

4.1 Containaenfc Vessel 

The sanpling container shall be a clean, screw-
capped, polyethylene bottle capable of holding at 
least 1 liter. The bottle should be rinsed at 
least two tlaes with the water that is beiig 
saapled p.ior te saapling. 

4.2 Quantity ef Saaple 

A ainiaua e£ approxiaately 1 liter ef water is 
required. Leave air space at the top of the 
container to allow for shaking the saaple. Zt is 
desirable to obtain two saaples froa ene location. 

4.3 Saaple Preservation 

No preservatives should be added during saapling 
and the addition of acids should be particularly 
avoided. Zf the saaple cannot be filtered in the 
laboratory within 48 bours of its arrival, suffi
cient aaounts (1 ailliliter per liter ef saaple) ef 
a 2.71% .solution ef aercuric. chloride to give a . 
final concentration of 20 ppa of Hg aay be added to 
prevent bacterial growth. 



NOTE 1: I t has been, reported tha t the growth of 
a lgae in water samples can be prevented by s tor ing 
the saap les in the dark . 

NOTE 27 Refr igera t ion of saaples a t about S°C 
a i n i a i z e b a c t e r i a l and a l g a l growth. 

C 

5. Interferences 

5.1 Misidentification 

The guidelines set forth in this method for 
counting frbcous asbestos require a positive 
identificatiwA by both morphology and crystal . 
structure as shown by an electron diffraction 
pattern. Chrysotile asbestos has a unique tubular 
structure, usually showing the presence of a 
central canal, and exhibits a unique characteristic 
electron diffraction pattern. Although halloysite 
fibers may show a streaking similar to chrysotile, 
they do not exhibit chrysotile's characteristic 
triple set of double spots or 5.3A layer line. It 
is highly improbable that a nor.-asbestifora fiber 
would exhibit the distinguishing chrysotile 
features. Although amphibole fibers exhibit 
characteristic morphology and electron diffraction 
patterns, they do not have thr unique properties 
exhibited by chrysotile. It is possible, there
fore, though not probable for aisidentificstion to 
take place. 

It is inportant to recognize that a significant 
variable fraction of both chrysotile and aaphibole 
asbestos fibers do not exhibit the required 
confiraatory electron diffraction pattern. This 
absence of diffraction is attributable to unfavor
able fiber orientation and fiber sizes. The 
results reported will be low, therefore, as 
compared to the absolute number of asbestos fibers 
that are present. 

5.2 Obscuration 

Zf large amounts of other materials are present, 
some smell asbestos fibers may not be observed 
because of physical overlapping. This will result 
in low values for the reported asbestos content. 



5.3 Contamination « 

Although contanination is pot strictly considered 
to be an interference, it is an iaportant source of 
erroneous results, particularly for chrysotile. 
The possibility of contanination, therefore, should 
always be a consideration. 

5.4 Freezing 

The effect of freezing on asbestos fibers is not -
known but there is reason to suspect that fiber 
breakdown eould occur and result in a higher fiber 
count than was present in the original saaple. 
Therefore, the saaple should be transported te the 
laboratory under conditions that would avoid 
freezing. 

6. Equipaent and Apparatus 

6.1 Speciaen Preparation Laboratory 

The ubiquitous nature ef asbestos, especially chry
sotile, deaands that all saaple preparation steps 
be carried eut to prevent the centaaination ef the 
saaple by airborne er ether source ef asbestos.' 
The priae requireaent ef the saaple preparation 
laboratory ia 'that it be sufficiently free fro= 
asbestos centaaination that a speciaen blank deter
ainatlon using 230 al eC asbestos-free water yields 
no aore than 2 fibers in 20 grid squares of a 
'eoaventienal 200 aesh electron aicroscspe grid. 

Zn order te achieve this lew level of eon'., ̂ ina-
.tion, tbe saaple preparation area should be a 
separate conventional clean rooa faclity. The 
rooB- should be operated under positive pressure and 
have .incorporated electrostatic precipitators in 
tbe aic supply te the rooa, er as an alternative, 
absolute (HEPA) filters. No asbestos floor or 
ceiling tiles, transite heat-resistant boards,, er 
asbestos insulation should be used in construc
tion. Work surfaces should be stainless steel er 
Foraica or equivalent. A laainar flow hood should 
be provided for saaple aanipulation. Disposable 
plastic laboratory coats and disposable overshoes 
are recoamended. Alternatively, new shoes for all 
operators should be provided and retained for clean 
rooa use only. A aat (Tacky Mat, Liberty 
Industries, 589 Oeming Road, Berlin, Connecticut 
06037, or equivalent) should be placed at the 
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entrance to the room to trap any gross contanina
tion inadvertently brought into the room on contan
inated shoes. Nornal electrical and water 
services, including a distilled water supply should 
be provided. In addition, a source of ultra-pure 
water fron a still or filtration-ion exchange 
systen is desirable. 

6.2 Instrtanentation 

6.2.1 Transnission Electron Microscope. A trans-
nission 'electron nicroscope that operates 
at a ainimiaB of 80 kV and bas a resolution 
of better than 1.0 nn and a magnification 
range of 300 to 100,000 is required. If 
the upper linit is not attainable directly 
it aay be attained through the nse of 
auxiliary optical viewing. Zt is aandatory 
that the, instrunent be capable of carrying 
out selected area electron diffraction 
(SAED) on an area of about 0.3 un'. The 
viewing screen shall have either a ailli-
aeter scale, concentric circles of known 
radii, or other devicer to aeasure the 
length and width of the fiber. Host aodern 
transaission aicroseopes aeet the requise-
aents for magnification and resolution. 

An energy-dispersive X-ray spectrometer is 
useful for the identification of suspected 
asbestifora ainerals; this accessory to the 
aicroscope, however, is not aandatory. 

6.2.2 Oata Processor. The large nuaber of repet
itive calctxlations aake it convenient to 
use computer facilities together with rela
tively siap.e coaputer progcaas. 

6.2.3 Vacuua Evaporator. A vacuua evaporator is 
required for depositing i layer of carbon 
on the Nuclepore filter and for preparing 
carbon coated grids. 

6.2.4 Low Temperature Plasma Asher. An asher is 
used for the renoval of organic material 
(including the filter) from samples 
containing so much organic matter that 
asbestos fibers are obscured. The sample 
chamber should be at least 10 cm in 
diaaeter. 



6.3 Apparatus, Supplies and Reagents 

6.3.1 Jaffe Wick Washer. 'The Jaffe Wick Washer 
for dissolving Nuclepore filter is 
described in 8.3.1, and is illustrated in 
Figure 1. 

6.3.2 Filtering Apparatus. A 47-Ba funnel (Cat [^^*) 
No. XX1584700, Millipore Corporation, Order ̂  0 7r-C(0 0 O 
Service Dept., Bedford, MA 01730) or *" ^ 
equivalent is used to filter water 
samples. A 25-mB funnel (Millipore Cat Ho. 
ZX1002500) er equivalent is used to filter 
dispersed ash samples. 

6.3.3 Vacuua Puap. A puap, fer use in saaple 
filtration, should provide vacuus up to 
about 500 aa ef aercury. 

6.3.4 Bf Grids. Grids ef 200-aesh copper er 
nickel eovered with foravar fila for use 
with the Nuclepore-Jaffe saaple preparation 
aethod are required. These grids aay be 
purchased fron aanufacturers ef electron 
aicroscopic supplies or prepared by 
standard electron aicroscopic grid prepara-. 
tion procedures. Finder grids aay be 
substituted and are useful if the re-ezani-> 
nation ef a specific grid opening is 

. desired. 

6.3.5 ' Neabrane Filters. 

X 

X 

47.flBs dianeter Mill ipore aeabrane f i l t e r , 
type BA, 0.45-ua pore s i z e . Used as a 
Nuclepore f i l t e r support en top ef glass 
f r i t * 

47-aB diaaeter Nuclepore aeabrane filter; 
0.l-.ua pore size (Nuclepore Corp., 7035 
Coaaerce Circle, Pleasanton, CA 94566). 
Used to filter tbc water saaple. 

25-nB diaaeter Millipore aeabrane filter, 
type HA; 0.45-ua pore size. Used as Nucle
pore filter support en top ef glass frit. 

25-an dianeter Nuclepore aeabrane filter; 
0.1-ua pore size. Used to filter dispersed 
ashed Nuclepore filter. 

l)J[ •̂•̂•' 
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^ Chlorofornn • • , i « i r a i a k 

Carbon 

Grid 

Figure 1. Modified Ja f f e Wick Method. 
A. Washing Apparatus 
B. Washing Process 



6.3.6 Glass Vials. 30-iun diaaeter x SO-iaa .long. 
Used to hold filter during ashing. 

6.3.7 Glass Slides. Used to support Nuclepore 
filter during carbon evaporation. 

6.3.8 Scalpels. 

6.319 Scissors. 

6.3.10 Tweezers. Several pairs are needed for the 
aany handling operations. 

6.3.11 Double-sided Tape. Used to hold filter 
section flat en glass slide while carbon 

. coating is applied. 

6.3.12 Disposable Petri Dishes, SO-aa diaaeter. 
Used for storing aeabrane filters. 

6.3.13 Static ZliBinater, 500 aicrecuries Po-210. 
(Nuclepore Cat. No. V090POL00101} or equiv
alent. t7sed to eliainate static charges 
froa aeabrane filters. 

6.3^14 Carbon Rods. Spectrocheaically pure, 1/8 
in. dia., 3.6 aa x 1.0 am neck. Used for 
carbon coating. 

6.3.15 Carbon red sharpener. (Cat. No. 1204, 
Ernest F. Fullaa, Znc, P. 0. Box 444, 
Schenectady, Ny 12301) ec equivalent. Used 
for sharpening carbon rods to a neck ef 
specified length and diaaeter. 

6.3.16 Ultrasonic Bath. (50 watts, 55 kHz). Used 
for dispersing ashed saaple and for general 
cleaning. 

6»3.17 Graduated Cylinder,. 500 al. 

6.3.18 Spot Plate. 

6.3.19 10-ul Microsyringe. Used for adsinistering 
drop of solvent to filter section during 
sanple preparation. 

6.3.20 Carbon Grating Replica, 2160 lines/nn. 
Used for calibration of Sf aagnifieation. 

r 
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6.3.21 Filter Paper. S & S 1589 Black Ribbon 
(9-ca circles) or. equivalent absorbent 
filter paper. . Used for preparing Jaffe 
Wick Washer. 

6.3.22 Screen supports (copper or stainless steel) 
12 mm X 12 mn, 200 mesh or equivalent. 
Used to support specimen grid in Jaffe Wick 
Washer. 

6.3.23 Chloroform. Spectre grade, doubly 
distilled. Used for dissolving Nuclepore 
filters. 

6.3.24 Asbestos. Chrysotile (Canadian), Crocido
lite, Amosite. UICC (Union Internationale 
Contre le Cancer) Standards. Available 
from Duke Standards Company, 445 Sherman 
Avenue, Palo Alto, CA 94306. 

6.3.25 Petri Dish. Glass dish (IOC aa diaaeter x 
15 mm high) . Used for modified Jaffe Wick 
Washer. 

6.3.26 Alconox. (Alconox, Inc., New York, NY 
10003} or equivalent. Used for cleaning 
glassware. Add 7.5 g Alconox to a liter of 
distilled water. 

6.3.27 Parafilm. (American Can Company, Neenah, 
WI) or equivalent. Used as protective 
covering for clean glassware. 

6.3.28 Pipets. Disposable, 5 al and 50 ml pipets 
are required. 

6.3.29 Distilled or Deionized Water. Filter if 
necessary through 0.1-ym Nuclepore filter 
for aakin^ up all reagents, for final 
r i n s i n g of glassware, and for preparing 
blanks. 

6.3.30 Mercuric chloride, 2.71% solution w/v. 
Used as sanple preservative. See 4.3. Add 
5.42 g of reagent grade mercuric chloride 
(HgCl:) to 100 nl distilled watsr and 
dissolve by shaking. Dilute to 200 ml with 
additional water. Filter through 0.1-wm 
Nuclepore filter paper before using. 



7.- Preparation of Standards 

Grind about 0.1 g ef UICC chrysotile to a powder in 
ar. agate aortar. Transfer 10 ag to a clean l-liter 
voluaetric flask, add several hundred al ef 
filtered distilled water contalninf 1 al of a stock 

\ aercuric chloride solution and then aake up t o ^ ^ 
r̂irrgft* with filtered distilled water. ' To prepare a 
working solution, feran^f^r \Q «i of the above 

(^suspension te anotherr^llte^ flask, add 1 al ef a 
stock aercuric chloridf'56lution and aake up te 1 
liter with filtered distilled water. This suspen
sion contains 100 ug per. lite£>_^inally transfer 1' 
al ef this suspension to a I^lite^ flask, add 1 al 

0 ef a stock aercuric chlorloe solution and aake up 
^ «n» volune with filtered distilled water. The final 

suspension will contain 5 to 10 MFL and is suitable 
for laboratory testing.. 

7.2 Aaphibole Stock Suspension. 

Prepare anphibole suspensions fcea UZCC aaphibole 
saaples as in Section 7.1. 

7.3 Identification Standards. 

Prepare electron aicroscopic grids containing the 
UICC asbestos fibers according to Section 8 and 
ebtain representative photographs of each fiber 
type and its diffraction pattern for futura 
reference. 

8. ProcecSure 

8.1 F i l t r a t i o n . 

The separat ion of Insoluble a a t e r i a l , including 
asbes t i fo ra a i n e r a l s , through f i l t r a t i o n and subse-

I 
I 

Reference standard saaples of asbestos that can be used 
for quality control for a quantitative analytical method 
are not available. Zt is, however, necessary for each 
laboratory to prepare at least two suspensions, one of . 

i chrysotile and another of a representative aaphibole. . 
These suspensions can then be used for intra-laboratory I 

I control and to furnish standard aorphology photographs ^ • 
i and diffraction patterns. *t;V 

.7.1 Chrysotile Stock Suspension. l^ ^ ' - | 

I 

I 
quent deposition on a aembrane filter is a critical • 
step in the procedure. The objective ef the J 

I 
I 
I 
I 
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filtration is not only to separate, but also to 
distribute the particulate natter uniformly such 
that discrete particles are deposited with a 
ainiaua of overlap. 

The volume filtered will range from 50 to 500 ml. 
Zn an unknown sample, the volume can not be speci
fied in advance because of the presence of variable 
amounts of particulate matter. In general, suffi
cient sample is filtered such that a very faint 
stain can be observed on the filter medium. The 
aaxinun loading that can be tolerated is IJ u9/cn', 
or about 200 ug on a 47-mffl diameter filter; 5 
ug/o^.' is near optimum. If the total solids 

fent is known, an estimate of the maximum volume 
tolerable can be obtained. In a sanple of high 
solids content, where less than 50 nl is required, 
the sanple should be diluted with filtered 
distilled water so that a ainiaua total of 50 al of 
water is filtered. T M s step is necessary to allow 
the insoluble aaterial to deposit unlfornly on the 
filter. The filtration funnel asseably must be 
scrupulously cleaned before each filtration. The 
filtration should be carried out in a laninar flow 
hood. 

NOTE: The following cleaning procedure bas been 
found to be satisfactory. 

Wash each piece of glassware three tines with 
distilled water. Following manufacturer's recom
mendations, use the ultrasonic bath with an 
Alconox-water solution to clean all glassware. 
After the ultrasonic cleaning, rinse each piece of 
glassware three times with distilled water. Then 
rinse each piece three times with deionized water 
that has been filtered through 0.1-un Nuclepore 
filter. Ory in an asbestos-free oven. After the 
glassware is dry, seal openings with parafilm. 

a. Assenble the vacuun filtration 
t apparatus incorporating the 0.1-un Nucle

pore backed with 0.4S-un Millipore filter. 
See 8.3.2. 

b. Vigorously agitate the water sample in 
j I its container. Treatnent of the sample in 

an ultrasonic bath may be required to 
evenly disperse the particulate material. 

C 
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c. Zf the requirbd filtration voluae ean 
be estimated, either from turbidity esti
aates of suspended soxids or previous 
experience, iamediately withdraw the proper 
volume fron the container and add the 
entire volume to the 47-mm dianeter , 
funnel. Apply vacuun sufficient for 
filtration but gentle enough to avoid the 
fornation of a vortex. Zf a completely 
unknown- sample is being analyzed, a 
slightly Bodif.<ed procedure aust be 
followed. Pour 500 al of a well-aized 
sanple inte a 500-al graduated cylinder and 
laaedlately. transfer the entire contents to 
the prepared vacuus filtration apparatus. 
Apply vacuua gently and continue suction 
until all ef the water has passed through 
the filter. Zf the resulting filter 
appears obviously coated or discolored, 
another filter should be prepared in the 

* saae aanner, but this tiae using only 200 
er 100 al ef saaple. 

NOTE 1: Oe not add aore water after 
filtration has started and do not rinse the 
sides of the funnel. 

NOTE 2; Nuclepore filter is basically a 
hydrophobic aaterial. The nanufacturer 
applies a detergent to the surface ef the 
filter in order to render it hydrophilic; 
this process, however, does not appear to 
be entirely satisfactory in soae batches. 
Pretreataent ef the filter in a low teaper-> 
ature asber at 10 watts for 10 seconds ean 
be used to render the surface ef the filter 
hydrophilic. This process will signifi
cantly decrease the islands of sparse 
deposit that are frequently observed. 

d. Disasseable the funnel, reaove the 
filter, and dry it in a covered petri dish. 

8.2 Preparation'of Electron Microscope Grids. 

Preparation ef the grid for exaaination in the 
aicroscope is a critical step ir the analytical 
procedure. The objective is to re-;ove the organic 
filter aaterial fron the asbestos fibers with 
aininum loss and aoveaent and with ainiaua breakage 
of the grid support fila. 
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If the sample contains 'large amounts of orgcinic 
matter that interfere with fiber counting and 
identification a preliminary ashing step is 
required. See 8.5. 

8.3 Nuclepore Filter, Modified Jaffe Wick Technique. 

8.3.1 Preparation of Modified Jaffe Washer 

Place three glass microscope slides (75 mm 
X 22 mm) one on top of the othr̂ r̂ in a petri 
dish (100 mm X IS nun) along a dianeter. 
Place 14 S & S 1589 Black Ribbon filter 
papers (9-cm circles) in the petri dish 
over the istack of microscope slides. Place 
.three copper mesh screen supports (12 mm z 
12 am) along the ridge formed by the stack • 
of sl;.des underneath the layer of filter 
papers. Place an Bf specimen grid on each 
of the screen supports. See Fig. 1. 

NOTE: A Stack of 30 to 40 S & S filters 
(7-cn circle), or equivalent, can be 
substituted for the 14 filters and micro-' 
scope slides in preparing the Jaffe washer. 

8.3.2 VacutuB Filtration tjnit 

Assenble the vacuun filtration unit. Place 
a 0.45-un Millipore filter type HA on the 
glass frit and then position a 0.1-un 
Nuclepore filter, shiny side up, on top of 
the Millipore filter. Apply suction to 
center the filters flat on the frit. 
Attach the filter funnel and shut off the 
suction. 

8.3.3 Sanple Filtration 

See 8.1. 

8.3.4 Sanple Drying 

Renove the filter funnel and place the 
Nuclepore filter in a Irosely covered petri 
dish to dry. The petri dish containing the 
filter nay be placed in an asbestcs-free 
oven at 45° C for 30 ninutes to shorten 
the drying tine. 



Alternatively,, the Nuclepore filter section 
aay be nounted on a glass slide prior to 
drying the filter. 

8.3.5 Selection of Section for Carbon Coating 

Using a snail pair of scissors or sharp 
scalpel, cut out a rectangular section of 
the Nuclepore filter. . The mininun approxi
mate dimensions should be 15 aa long and 3 
aa wide. Avoid selection near the peria-
eter of the filtration area. 

8.3.6 Carbon Coating the Filter 

Tape the two ends ef the selected filter 
section te a glass slide using double-sided 
tape. Take care not to stretch tne filter 
section. Identify the filter section using 
a china aarker on the slide. Place the 
glass slide with the filter section into 
the vacuua evaporator. Insert the necked 
carbon rod and, foUc^wing aanufacturer's 
instructions, ebtain high vacuua. Evapo
rate the neck, with the filter section 
rotating, at a distance ef approxinately 
7.5 ca froa the filter section te ebtain a 
30 to 50 na layer ef carbon en the filter 
paper. Evaporate the carbon in several 
short bursts rather than continuously to • 
prevent overheating the surface ef the 
Nuclepore filter. 

NOTE 1: Overheating the surface tends to 
crusslink the plastic, rendering the filter 
dissolution in chlorofora difficult. 

NOTE 2s The thickness ef the carbon fila 
can be aenitoced by placing a drop ef oil 
on a porcelain chip that is placed at the 
sane distance fron the carbon electrodes as 
the specinen. Carbon is not visible in the 
region of the oil drop thereby enabling the 
visual estinate ef the deposit thickness- by 
the contrast differential. 

8.3.7 Grid Transfer 

Remove the filter from the vacuua evapo
rator and cut eut three sections somewhat 
less than 3 aa z 3 XUB and such that the 
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square.of Nuclepore fits within the circum
ference of the grid. Pnss each of the 
filter sections over a static eliminator 
and then place each of the three sections 
carbon-side down on separate specimen grids 
previously placed in the modified Jaffe 
Washer. Using a microsyringe, place a 
10-ul drop of chloroform on each filter 
section resting on a grid and then saturate 
the filter pad until pooling of the solvent 
occurs below the ridge formed by the glass 
slides inserted under the layer of filter 
papers. Place the cover on the petri dish 
and allow the grids to remain in the vasher 
for approximately 24 hours. Do not allow 

. the chloroform to conpletely evaporate 
before the grids are renoved. To remove 
the grids fron the washer, lift the screen 
support with the grid resting upon it and 
set this in a spot plate depression to 
allow evaporation of any solvent adhering 
to the grid. The grid is now ready for 
analysis or storage. 

8.4 Electron Microscopic Exanination 

8.4.1 Microscope Alignment and Magnification 
Calibration 

Following the manufacturer's recommenda
tions carry out the necessary alignment 
procedures for optimum specimen examination 
in the electron microscope. Calibrate the 
routinely used magnifications using a 
carbon grating replica. 

NOTE: Screen magnification is not neces
sarily equivalent to plate magnification. 

8.4.2 Gr-.d Preparation Acceptability 

After inserting the specimen into the 
microscope, adjust the magnification low 
enough (300X-1000X) to permit viewing 
complete grid squares. Inspect at least 10 
grid squares for fiber loading and distri
bution, debris contamination, and carbon 
film continuity. 



Reject the grid-for counting if: 

1) The grid is too heavily loaded with 
fibers to perfora accurate counting and 
diffraction operations. A new sanple 
preparation either fron a smaller volune of 
water or fron a dilution with filtered 
distilled watec aust then be prepared. 

2) The fiber distribution is noticeably 
uneven. A new sanple preparation is 
required. 

3} The debris centaaination is too severe 
te perfora accurate counting and diffrac
tion operations. Zf the debris is largely 
organic the filter aust be ashed and redis-
persed (see 8.5} • Zf it is inorganic, the 
saaple aust be diluted and again prepared. 

4) The aajorlty ef grid squares cxaained 
have broken carbon filas. A different grid 
preparation from the sane initial filtra
tion aust be substituted. 

8.4.3 Procedure for Fiber Counting 

Two aethods are coaaonly used for fiber 
counting. Zn ene aethod (A), 100 fibers 
contained in randoaly selected fields of 
view are caunterl. The ntrnber of fields 
plus the area of a field of view aust be 
known when using this aethod. Zn the ether 
aethod (B), all fibers (at least 100) in 
several grid squares er 20 grid squares are 
counted. The nuaber ef grid squares 
counted and the average area ef ene grid 
square aust be known when using this aethod. 

NOTE: The aethod be nse depends upon the 
fiber loading on the grid and it is left to 
the judgaent of the analyst to select the 
optinun aethod. The following guidelines 
can be used: Zf it is estinated that a 
grid square (80 ua x 80. ua) contains 50 to 
100 fibers at a screen aagnifieation of 
20000X, it is convenient to use the field-
of-view counting aethod. If the estiaate 
is less than 50, the grid square aethod of 
counting should be chosen. On the ether 
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hand, if the' fiber count is estimated to be 
over 300 fibers per grid square, a new grid 
containing fewer fibers must be prepared 
(through dilution or filtration of j 
smaller volume of water). 

8.4.3A Field-of-View Method 

After determining that a fiber count can be 
obtained using this method, ad-tust the 
screen magnification to 15,000 to 20,000X. 
Select a nunber of grid squares that would 
be as representative as possible of the 
entire analyzable grid surface. Fro.-i each 
of these squares, select a sufficient 
number of fields of view for fiber 
counting. The number of fields of view per 
grid square is dependent u'twn the fiber 
loading. If more than one field of view 
per grid square is selected, scan the grid 
opening ort.'iogonally in an arbitrary 
pattern that prevents overlapping of fields 
of view. Carry out the analysis by 
counting, measuring and identifying (see 
8.4.4) approximately SO fibers on each of 
two grids. 

\_ The following rules should be followed when 
using the field of view method of fiber 
counting. Although these rules were 
derived for a circular field of view they 
can be modified to apply to square or 
rectangular designs. 

1) Count all fibers contained within the 
counting area and not touching the circum
ference of the circle. 

2) Designate the upper ri^^t-hand quadrant 
as I and number in clockwise order. Count 
all fibers touching or intersecting the arc 
of quadrants I or IV. Do not count fibers 

- touching or intersecting the are of quad
rants II or III. 

3) If a fiber intersects the arc of both 
quadrants III and IV or I and II count it 
only if the greater length was outside the 
arc of quadrants IV and I, respectively. 



4) Count fibers intersecting the arc of 
. both quadrants. I'and H I but not those 
intersecting the arc of both II and IV. 

These rules are illustrated in Fig. 2. 

8.4.3B Grid Square Method 

After deteraining that a fiber count can be 
obtained using this aethod adjust the 
screen aagnificatlon to 15,000 to 20,000X. 
Position the grid square so that scanning 
can be started at the left upper corner of 
the grid square. While carefully examining 
the. grid, scan left to right, parallel to 
the upper grid bar. When the perimeter of 
the grid square is reached, adjust the 
field ef view down one field width and scan 
in the opposite direction. The tilting 
section ef the fluorescent screen aay be 
used conveniently as the field ef view; 
Czaaine the square until all the area has 
been covered. The analysis should be 
carried out by counting, aeasurlng, and 
identifying (see 8.4.4) approxiaately SO 
fibers on each bf two grids or until 10 
grid.squares on each of two grids have been 
counted. Oo not count fibers intersecting 
a grid bar. 

• &.4.4 Measureaent and Zdentificatien 

Measure and record the' length and width of 
each fiber having an aspect ratio greater 
than or equal to three. Disregard obvious 
biological-bacteriological fibers and 
diatom fragments. Exaaine the aorphology 
ef each fiber using optical viewing if 
necessary. Tentatively identify, by 
reference to the UICC standards, ehrysotile 
er possible aaphibole asbestos. Attenpt to 
ebtain a diffraction pattern of each fiber 
utilizing the shortest camera length 
possible. Move the suspected fiber iaage 
to the center of the screen and insert a 
suitable selected area aperture into the 
electron beaa so that the fiber image, or a 
portion of it, is in the illuninated area. 
The size of the aperture and the portion of 
the fiber should be such that particles 
ether than the ene to be examined are 



Counted 

Not Counted 

Figure 2. Illustration of Counting Rules for 
Field of View Method. 



excluded ftom the se l ec ted a rea . Observe 
the d i f f r a c t i o n p a t t e r n with the binocular 
a t t achment . If an incomplete d i f f rac t ion 
p a t t e r n i s ob t a ined , move the p a r t i c l e 
image around in the se lec ted area to .ge t a 
c l e a r e r d i f f -» .c t ion p a t t e r n or to el iminate 
p o s s i b l e i n t e r f e r e n c e s from neighboring 
p a r t i c l e s . 

Determine whether the f iber i s ch ryso t i l e 
or an amphibole o / comparing the d i f f r a c 
t i o n p a t t e r n obta ined t o the d i f f rac t ion 
p a t t e r n s of known s tandard asbestos 
f i b e r s . Confirm the t e n t a t i v e i d e n t i f i c a 
t i on of c h r y s o t i l e and amphibole asbestos 
fiom t h e i r e l e c t r o n d i f f r ac t i on p a t t e r n s . 
C la s s i fy each f ibe r as c h r y s o t i l e , aaphi 
b o l e , n o n - a s b e s t o s , no d i f f r a c t i o n , er 
aab iguous . 

NOTE I : I t i s convenient t e use a tape 
recorder dur ing the exaainat ion ef the 
f i b e r s to record a l l p e r t i n e n t da ta . This 
i n f o r a a t i o n can then be suamarized en data 
s h e e t s or punched ca rds for subsequent 
au tomat ic d a t a p roces s ing . 

NOTE 2 : C h r y s o t i l e f i b e r s occur as s ing le 
f i b r i l s e r in bundles . The f i b r i l s 
g e n e r a l l y show a tubu la r s t r u c t u r e with a 
hollow c a n a l , a l though the absence of the 
cana l does not r u l e eu t i t s i d e n t i f i c a 
t i o n . Anphibole a sbes tos f ibe r s usual ly 
e x h i b i t a l a t h - l i k e s t r u c t u r e with i r r e g 
u la r ends , but occas iona l ly w i l l resemble 
e h r y s o t i l e in appearance . 

NOTE 3 : The p o s i t i v e i d e n t i f i c a t i o n ef 
a s b e s t o s by e l e c t r o n d i f f r a c t i o n requi res 
soae judgment en the p a r t ef the ana lys t 
Deeause seme f i b e r s g i v e only p a r t i a l 
p a t t e r n s . C h r y s o t i l e shows unique promi
nent s t r e a k s on the layer l i n e s neares t the 
c e n t r a l one and a t r i p l e s e t of double 
spo t s en the second l ayer l i n e . The 
s t r e a k s and the s e t of double spots a re the 
d i s t i n g u i s h i n g c h a r a c t e r i s t i c s of chryso
t i l e r equ i r ed for i d e n t i f i c a t i o n . Aaphi
bole a s b e s t o s r e q u i r e s a more complete 
d i f f r a c t i o n p a t t e r n to be p o s i t i v e l y iden
t i f i e d . As a q u a n t i t a t i v e gu ide l ine . 
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layer lines for amphibole, without tne 
unique streaks (some streaking may be 
present) of chrysotile, should be present 
and the arrangement of diffraction spots 
along the layer lines should be consistent 
i#ith the amphibole pattern. The pattern 
should be distinct enough to establish , 
these criteria. -

NOTE 4: Chrysotile and thin amphibole 
fibers may undergo degradation in an elec
tron beam; this is particularly noticeable 
in small fibers. It may exhibit a pattern 
for 1 to 2 seconds and disappear and the 
analyst must be alert to note the charac
teristic features. 

NOTE 5: An ambiguous fiber is a fiber that 
gives a partial electron diffraction 
pattern resembling asbestos, but is insuf
ficient to provide positive identification. 

8.4.5 Determination of Grid Square Area 

Measure the dimensions of several represen
tative grid squares from each batch of 
grids with an optical aicroscope. Calcu
late ths average area of a grid square. 
This should be done to compensate for 
variability in grid square dimensions. 

8.5 Ashing 

Some samples contain sufficiently high levels of 
organic material that an ashing step is required 
before fiber identification and counting can be 
carried out. 

Place the dried Nuclepore filter paper containing 
the collected sediment into a glass vial .(28 am 
diameter x 80 mm high). Position t.*ie filter such 
that the filtration side touches the glass wall. 
Place the vial in an upright position in the low 
temperature asher. Operate the asher at 50 watts 
(13.56 MHz) power and 2 torr oxygen pressure. Ash 
the filter until a thin film of white ash remains. 
The time required is generally 6 to 8 hours. Allow 
the ashing chamber to slowly reach atmospheric 
pressure and remove the vial. Add 10 ml of 
filtered distilled water to the vial. Place the 
vial in an ultrasonic bath for 30 minutes tc 
disperse the ash. Oilute the sample if required. 



Assemble the 25-mm diameter filtering apparatus. 
Center a 25-mn dianeter 0.1-um Nuclepore filter 
(with the 0.45-um Millipore backi.ng) on the glass 
frit. Apply suction and racenter the filter if 
necessary. Attach the filter funnel and turn off 
the suction. Add the water containing the . 
dispersed ash from the vial to the filter funnel. 
Apply suction and .filter the sample. After drying, 
this filter is ready to be used in preparing sample 
grid's as in 9.3. 

NOTE* 1: Zn specifying a 25-ma diaaeter filter it 
is assuaed that the ashing step is necessary aalnly 
because ef the presence ef organic aaterial and 
that the saaller filtering area is desirable froa 
the point* ef view of concentrating the fibers. Zf 
the sample contains aostly inorganic debris sucb 
that the saallec filtering area will result in 
overloading the filter, the 47-«a diaaeter filtec 
should be used. 

NOTE 2: Zt will be noted that a 10-*1 voltae is 
filtered in this case instead ef the aininua 5C-B1 
voluae specified in 8.1. These volunes are consis
tent when it is considered that there is approxi
aately a 5-fbld difference in effective filtration 
area between the 25-Ba diaaeter and 47-Ba diaaeter 
filtscs. 

NOTE 3: Cross contanination i s probable when 
ashing aore than one saaple at a tiae. 

8.6 Deterainatlon ef Blank Level 

Carry eut a blank deterainatlon with each batch ef 
saaples prepared, but a ainiaua of one per week. 
Filter a fresh supply (500 al) of distilled, 
deionized water through a-clean 0.1-ua aeabrane 
filtei:. Filter 200 ml of this water through a 
0.1-ua Nuclepore filter, prepare the. electron 
aicroscope gr.d, and count exactly as in the proce
dures 8.1 - 8.4. Exaaine 20 grid squares and 
record this nuaber of fibers* A aaziaua of two 
fibers in 20 grid squares is acceptable for the 
blank saaple. 

NOTE: Monitoring the background level of asbestos 
is an integral part of the procedure. Upon initia
ting asbestos analytical work, blank sanples aust 
be run to establish the initial suitability ef the 
laboratory environaent, cleaning procedures, and 



\o 
reagents for carrying out asbestos analyses. 
Analytical determinations of asbestos can be 
carried out only after an acceptably low level of 
contamination has been established. 

9. Calculations 

9.1 Fiber Concentrations 

f 

Grid Square Counting Method - If the Grid Square 
Mechod of counting is einployed, use the following 
formula to calculate the total asbestos fiber 
concentration in MFL. 

C • (F X Af)/{Ag X Vo X 1000) (1) 

where: C • Fiber concentration (MFL) 

F • Average number of fibers per grid 
opening 

A. *.Effective filtration area of filter 
paper (an^) used in grid preparation 
for fiber counting 

A- » Average area of one grid square (mm') 

V^ • Original volume of sample filtered (ml) 

If ashing is involved, use the same formula but 
substitute the effective filtration area of the 
25-mm diameter filter for Af instead of that for 
the 47-mm diameter filter. If one-half the filter 
is ashed, multiple C by two. 

Field-ot-Vicv Counting Method - If the Field-of-
View Hethod of counciiig is empl.)yed, use the 
following formula to calculate the total asbestos 
fiber concentrations (MFL). 

C - (F X Af X 1000)/(Av X VQ) (2) 

where: C • Fiber concent ra t ion 

F « Average number of f ibe r s per f ie ld of 
view 

Kf " E f f e c t i v e , f i l t r a t i o n area of f i l t e r 
paper (nm*) used in grid preparat ion 
for f iber counting 



Ay • Area of one field of view (um') 

Vp » Original vol'*̂ e of sample filtered (al) 

Zf ashing is involved, use the same formula but 
substitute the effective filtration area of the 
25-Bm dianeter filter foe A. instead of that for 
the 47-Ba diaaeter filtec. 

9̂ .2 Estiasted Maas Concentration 

Calculate the aass (ug) ef each fiber counted using 
the following foraula. -

M- » L z W^ X 0 r 10-* 

Zf the fiber content is predoainantly chrysotile, 
the following.foraula aay be used.. 

M - l x L x M ^ j o x 10-* 13)-

where: M • Mass (ug) 

L • Length (ua). 

W • Width (va) 

D • Density ef f ibe r s (g/ca^) 

Then ca l cu la t e the aass concentration (ug/l) 
'enploying the following foraula . 

tfc • C r MJ r 106 

where: H^ • aass concentration (wg/1) 

C « fiber concentration (KFL) 

M^ • aean aass per fiber (vg) 

To calculate Mf use the following foraula. 

«f - I «Z/n «*' 
.c-1 

where: M^« aass of each fiber, respectively 

n • nunber ef fibers cotmted 



.o 

C 

NOTE 1: Because many cf the amphibole fibers are 
lath shaped rather than square in cross section the 
computed mass will tend to be high because laths 
will, in general, tend to lie flat rather than on 
edge. 

NOTE 2: Assume the following densities: chryso
tile 2.5, amphibole 3.25. 

9.3 Aspect Ratio 

The aspect ratio for each fiber is calculated by 
dividing the length by the width. 

10. Reporting 

10.1 Report the following concentration as MFL for 
sample and blank using 95% confidence intervals. 

a. Chrysotile 

b. Amphibole 

e. Total asbestos fibers 

10.2 Use two significant figures for concentrations 
greater than 1 MFL, and one significant figure for 
concentrations less than 1 MFL. 

10.3 Tabulate the size distribution, length and width. 

10.4 Tabulate the aspect ratio distribution. 

10.5 Report the calculated aass as ug/l. 

10.6 Indicate the detection liait in MFL. 

10.7 Indicate if less than five fibers were counted. 

10.8 Include remarks concerning pertinent observations, 
(clumping, amount of organic matter, debris) amount 
of suspected though not identifiable as asbestos 
fibers (ambiguous). 

11. Precision 

11.1 Intra-Laboratory 

The precision that is obtained within an individual 
laboratory i s dependent upon the number of fibers 
counted. If 100 fibers are counted and -the loading 



i» st lea.«»t 3.5 fibers/grid square, computer 
modeling of the counting* procedure shows that a 
relative standard deviation of about 10% ean be 
expected. 

Zn actual practice some degradation from this 
precision will be observed but should not exceed '*• 
15% if several grids are prepared from the same " 
filtered sample. The relative standard deviation 
of analyses of the saae water sample in the saae 
laboratory will increase as a result of saaple 
preparation errors and a relative standard devia
tion ef about about ^ 25 to 35% will occur. As the 
nuaber of fibers couiTted decreases, the precision 
will also decrease approxiaately proportional to ^ 
• where N is the nuaber of fibers counted. The 
precision for aass concentration is generally 
poorer than that for fiber concentration. 

Based upon the analysis of one laboratory utilizing 
a different analyst foe each of three water 
sanples, intra-laboratory precision data ace 
presented in Table 1. 

11.2 Znter-Laborate-'y 

Based upon the analysis by various governaent and 
private industry laboratories ef filters prepared 
froa nine water saaples, inter-laboratory precision 
data ef the aethod are presented in Table 2. 

12. Accuracy 

12.1 Fiber Concentrations 

As no standard reference materials are available, 
only aoproxiaate estiaates of the accuracy ef the 
procedure can be aade. At 1 MFL, it is estiasted 
that the results should be within a factor ef 10 of 
the actual asbestos fiber content. 

This aethod requires the positive identification of 
a fiber to be asbestos as a aeans for its quantita
tive deterainatlon. As the state-of-the-art 
precludes the positive identification of all of the 

' asbestos fibers present, the restilts of. this 
aethod, as expressed as MFL, will be biased on the 
low side and, assuaing no fiber loss^ represent 0.4 
to 0.8 of the total asbestos fibers present. 

(i 
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TABLE 1. INTRK-LADORATORY PRECISION 

Sample 
Type 

Chrysotile 
(UICC) 

Crocidolite 
(UICC) 

Taconlte 
(raw water) 

Number of 
Sample 
Aliquots 
Analyzed 

26 

20 

20 

Mean Fiber 
Concentration 

HPL (millions of 
asbestos Clbera/l) 

23 

8 

• 

16 

Preclalon, 
Relative 
Standard 
Deviation 

37% 

36% 

24% 

Mass 
Concentration 

(M9/1) 

0.32 

1.5 

10.5 

Precision, 
Relative 
Standard 
Deviation 

71% 

48% 

65% 

TABLE 2. INTER-LABORATORY PRECISION 

Sanple Number of Mean Fiber Precision, 
Type Labs ConcentrdLlon, Relatlvo 

Reporting HFL (millions of Standard 
asbestos tibera/I) Deviation 

Chrysotile 10 B77 35% 
9 119 43% 
11 59 41% 
9 31 65i 
9 28 32% 
3 25 35% 

Amphibole 11 .139 50% 
4 95 52% 
14 36 66% 



12.2 Mass Concentrations 

As in the case of the- fiber concentrations, no 
standard samples of the size distribution found in 
water are available. The estimated mass concentra
tion is often very inaccurate because of poor 
counting statistics associated with large fibers 
that are few in number but represent most of the 
actual mass concentration. 

13. Suggested Statistical Evaluation of Grid Fiber Counts 

Ii.l Because the fiber distribution on .̂he sample 
filter, resulting from the aethod of filtration, 
has not been fully ehatacterized, the fiber distri' 
bution obtained on the electron aicroscope grids 
for each sample should be tested statistically 
against an assuaed distribution and a aeasure of 
the precision ef the analysis should be provided. 

13.2 Assuae that the fibers are unlfornly and randomly 
distributed en the sample filter and grids. One 
aethod for confiraing this assutnptien is given 
below. 

Using the ch'i-square test, deteraine whether the 
total nuaber ef fibers found in individual grid 
openings are randomly and uniformly distributed 
aaong the openings using the following formula. 

4-1 
^ ' - I no ^5) 

* np^ 

where: x ' * Chi-square s t a t i s t i c 

N • Number of g r i d openings examined for 
the saaple 

"^ 
« Total ntiaber ef fibers found in each 
respective grid opening 

n • Total nuaber ef fibers found in N grid 
openings 

p. • Ratio of the area ef each respective 
'*' grid opening to the sun of the areas 

of all grid openings examined 

' ^ 
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13.3 

NOTE: If an average area for the grid squares has 
been measuied as outlined in 8.4.5, the term np.̂  
represents the mean fiber count per grid square. 

If the value for X' exceeds the value listed in 
statistical tables for the 0.1% significance level 
with N-l degrees of freedom, the fibers are not 
considered to be uniformly and randomly distributed 
among the grid openings. Zn this case, it is 
advisable to try to improve the uniformity of fiber 
deposition by filtering another aliquot of the 
sample and repeating the analysis. 

Zf uniformity and randomness of fiber deposition on 
the microscope grids has been demonstrated as in 
13.2, and the fiber concentration is assumed to be 
normally distributed about the mean value, the 95% 
confidence interval about the mean fiber concentra-' 
tions for chrysotile, amphibole, and total asbestos 
fibers may be determined using* the following 
formulae. 

f 
Sc • 

N 

N T X . 
^ - 1 ^ 

N 
- ( I X.)^ 

-L- l 
N ( N - i } 

1/2 

(6) 

where: S • Standard dev ia t ion of the chryso t i l e 
f iber count 

N • Nunber of g r id openings examined for 
the sample 

X^ • Nunber of c h r y s o t i l e f ibers in each 
gr id opening, respec t ive ly 

Obtain the standard dev ia t ions of the fiber counts 
for anphibole asbes tos f i b e r s and for t o t a l 
a sbes tos f i be r s by s u b s t i t u t i n g the corresponding 
value of X̂  i n t o ' e q u a t i o n (6 ) . 

x^, - X + -=S 
" v'N 

"L • ^ - 7 ^ 

(7) 

(8) 

i 



where: X^ • Upper value of 95% confidence interval 
for chrySot.'tle 

Xĵ  • Lower value of 95% confidence Interval 
for chrysotile 

Z • Average nunbei. of fibers per grid 
opening 

t * Value listed in t-distribution tables 
at the 95% confidence level for a two 
tailed distribution with N-l degree ef 
freedom 

i 

S„ • Standard deviation ef the fiber counts 
for chrysotile c 

N « Nuaber of grid openings exasined for 
the saaple 

The values of Zu and Zr can be converted te ccncen
trations in Billions of fibers per liter using the 
foraula in section 9 and substituting either Z^ or 
X-̂  for the tera F. 

Obtain the upper and lower values ef the 95% confi
dence interval for aaphibole asbestos fibers and 
total asbestos fibers by substituting the corres
ponding values ef 1 and S into equations (7) and 
(8). 

Report the precisio'i ef the analysis, in teras of 
the upper and lower liaits ef the 95% confidence 
interval, for chrysotile, aaphibole, and total 
asbestos fiber content. Zf a lower liait is found 
to be negative, report the value ef the liait as 
zero. 

i 
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