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RESULTS OF YEAR 3 (2007) OMMP SAMPLING 
WITHIN THE HEAD OF THE THEA FOSS WATERWAY 

INTRODUCTION

This memorandum presents the results of supplemental sediment sampling and analysis in the 
Head of the Thea Foss Waterway conducted by the City of Tacoma (City) as part of the Head of 
the Thea Foss Waterway Remediation Project, Year 3 (2007) Operations, Maintenance, and 
Monitoring Plan (OMMP) activities.  This works was performed in cooperation with the Utilities.  
Specifically, included in this memorandum are the following: 

� The results of sediment samples collected from the compliance interval (0-10 cm) 
from seven sampling locations (i.e., WC-10 through WC-12, S-15, S-17, S-19, and S-
24) in the area where additional cap material was placed to address recontamination 
caused by dredge residuals; and  

� The results of sediment samples collected from the compliance interval from 11 
sampling locations (i.e., WC-01 through WC-09, WC-13, and WC-14) in the southern 
portion of the Head of the Thea Foss Waterway (i.e., below and south of the SR 509 
bridge and south of the additional cap material placement area) where bis(2-
ethylhexyl)phthalate (DEHP) was previously detected at concentrations exceeding 
the SQO. 

The Year 3 sampling and analysis was performed in accordance with the following plans and 
memorandums: 

� The OMMP for the Head of the Thea Foss Waterway;  

� The requirements for sampling and analysis to evaluate the area of additional cap 
material placement presented in a memorandum to the Environmental Protection 
Agency (EPA) dated April 28, 2006; and  

� The requirements for additional sampling and analysis in the southern portion of the 
Head of the Thea Foss Waterway to evaluate the presence of DEHP and polycyclic 
aromatic hydrocarbons (PAHs) presented in a memorandum to EPA dated 
November 28, 2006. 

The following sections summarize the field activities, laboratory analyses, analytical results, and 
the recommended next steps for the Head of the Thea Foss Waterway. 

FIELD ACTIVITIES 

Year 3 OMMP sampling activities within the Head of the Thea Foss Waterway were conducted 
on May 16-17, 2007.  Sediment samples were collected from a total of 18 sampling locations as 
shown in Figure 1.  Field personnel for both the City and the Utilities were present during the 
sampling event.  Sediment samples collected from the compliance interval (0-10 cm) were 
collected by a representative of the City.  Sediment samples collected from the early warning 
interval (0-2 cm) were collected by a representative of the Utilities.  A representative of the 
United States Army Corps of Engineers, Emile Pitre, was present on May 16, 2007, to provide 
oversight for EPA.  Sediment samples were collected from aboard the Mary Beth, a 43-foot 
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sampling vessel, using a Van Veen grab sampler.  Acceptable penetration (i.e., 10 cm or 
greater) with the grab sampler was achieved at all sampling locations. 

The grab sampler was inserted into the sediment column and brought to the surface for sample 
processing.  The sediment sample was visually classified and the thickness of surface silt and 
total penetration measured.  The sediment descriptions, along with the sampling time, and 
sampling coordinates were recorded on sample collection forms (Attachment A).  Photographs 
of each sediment grab were also taken (Attachment B).  The measured silt thicknesses are 
presented in Table 1.  

The surface 10 cm of each grab sample was removed first from the grab sampler for the 
compliance interval (0-10 cm) sample.  The 0-10 cm sediment interval was placed in a 
decontaminated stainless steel bowl and homogenized until the sediment was uniform in color 
and texture.  Appropriate sediment sampling containers were filled with the homogenized 
sediment, the sample labels completely filled out, and the containers stored on ice.  

A rinseate blank quality control sample was also collected following sample collection at location 
WC-05.  The decontamination procedures used between sample collection (seawater rinse, 
alconox scrub, deionized water rinse) were performed on the non-dedicated field equipment 
(i.e., stainless steel bowl and spoon) and then a deionized rinse water sample was collected 
and the container stored on ice. 

On May 17, 2007, at the completion of sampling, all samples stored in the coolers containing ice 
were submitted under a chain-of-custody to Analytical Resources Incorporated (ARI) of Tukwila, 
Washington for analysis. 

LABORATORY ANALYSIS 

The analytes specified for an individual sample collected from the compliance interval in the 
Head of the Thea Foss Waterway was dependant on whether the sample was collected from 
the additional cap material placement area or the southern portion of the Head of the Thea Foss 
Waterway (i.e., south of the additional cap material placement area).  The samples collected 
from the seven locations within the additional cap material placement area (i.e., WC-10 through 
WC-12, S-15, S-17, S-19, and S-24) were submitted for the following analyses: 

� Total Organic Carbon (TOC) (PSEP); 

� Total Solids (USEPA Method 160.3); 

� Grain Size (PSEP); 

� Semi-Volatile Organic Compounds (SVOCs) (USEPA Method 8270); 

� Metals (i.e., lead, zinc, and mercury) (USEPA Method 6010B and 7471A); 

� DDT, DDE, and DDD (USEPA Method 8081); and 

� Polychlorinated Biphenyls (PCBs) (USEPA Method 8082). 

These analyses were specified in a memorandum submitted to EPA on April 28, 2006.   
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Samples collected from the 11 locations within the southern portion of the Head of the Thea 
Foss Waterway (i.e., WC-01 through WC-09, WC-13, and WC-14) were submitted for the 
following analyses: 

� TOC (PSEP); 

� Total Solids (USEPA Method 160.3); and 

� SVOCs (i.e., PAHs, phthalates, and phenol) (USEPA Method 8270). 

These analyses were specified in a memorandum submitted to EPA on November 28, 2006. 

Dibenzofuran was also reported by the laboratory for samples collected within the southern 
portion of the Head of the Thea Foss Waterway. 

The rinseate blank sample was submitted for the following analyses: 

� SVOCs (USEPA Method 8270); 

� Metals (i.e., lead, zinc, and mercury) (USEPA Method 6010B and 7471A);  

� DDT Compounds (USEPA Method 8081); and 

� Polychlorinated Biphenyls (USEPA Method 8082). 

Copies of the chain-of-custody records are included in the laboratory analytical reports provided 
in Attachment C. 

ANALYTICAL RESULTS 

The detected concentrations of most chemicals were substantially below the SQOs in samples 
collected from the compliance interval during Year 3 (2007) within the Head of the Thea Foss 
Waterway (Table 1).  Only DEHP was detected at a concentration greater than the SQO at 
more than one sample station.  Figure 2 presents the DEHP concentrations detected in samples 
collected from the compliance interval within the Head of the Thea Foss Waterway.  The only 
other parameters that were detected at concentrations greater than the SQOs were four PAHs 
and total HPAHs that were detected at one station, WC-02.   

No chemicals were detected at concentrations greater than the SQOs in samples collected from 
the seven locations within the additional cap material placement area (i.e., WC-10 through WC-
12, S-15, S-17, S-19, and S-24).  The detected concentrations of DEHP in samples from the 
additional cap placement area were at or below one half of the SQO.  The detected 
concentrations of all other chemicals were at or below one tenth of the SQOs in samples 
collected from the additional cap material placement area. 

DEHP was detected at concentrations greater than the SQO in the 11 samples collected from 
locations within the southern portion of the Head of the Thea Foss Waterway (i.e., WC-01 
through WC-09, WC-13, and WC-14) (Table 1 and Figure 2).  The highest DEHP concentration 
detected in Year 3 (2007) (i.e., 4,900 ug/kg) was detected at station WC-02.  The highest DEHP 
concentration in Year 2 (2006) (i.e., 7,700 ug/kg) was also detected at station WC-02) 
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Four PAHs including phenanthrene, benzo(a)pyrene, benzofluoranthene, and fluoranthene, and 
total HPAHs were detected at concentrations greater than the SQOs in the sample collected 
from location WC-02 (Table 1).  Three other HPAHs including benzo(a)anthracene, 
dibenz(a,h)anthracene, and pyrene, were also detected at concentrations that were at the SQO 
in the sample collected from WC-02.  Fluoranthene was detected in the sample collected from 
station WC-05 at a concentration greater than the SQO in Year 2 (2006).  However, the 
detected concentration of fluoranthene and other PAHs were less than the SQOs in the sample 
collected from station WC-05 in Year 3 (2007).  The detected concentrations of all other PAHs 
and chemicals at locations within the southern portion of the Head of the Thea Foss Waterway 
were generally at or below one half of the SQOs.   

Phenol was detected at one station, WC-01, at a concentration greater than the SQO (i.e., 650 
ug/kg) in Year 2 OMMP sampling.  As a result, phenols were included in the analyses for 
samples collected from the southern portion of the Head of the Thea Foss Waterway in Year 3.  
Phenol was not detected at a concentration greater than the SQO in samples collected in Year 
3 and phenol was not detected in the sample collected from station WC-01.  The maximum 
phenol concentration (i.e., 140 ug/kg at WC-02) detected in Year 3 samples was approximately 
one third of the SQO. 

Figures 3 through 5 show the change in concentrations at each sample location within the Head 
of the Thea Foss Waterway for DEHP, low molecular weight PAHs (LPAHs) and high molecular 
weight PAHs (HPAHs), respectively.  Figure 3 shows that there has been a decrease in the 
DEHP concentration at 11 of 18 sample stations from Year 2 (2006) to Year 3 (2007).  
Additionally, Figure 3 shows that DEHP concentrations are less than the SQO in the area where 
additional cap material has been placed (i.e., WC-10 through WC-12, S-15, S-17, S-19, and S-
24) and greater than the SQO in the southern portion of the Head of the Thea Foss Waterway 
(i.e., WC-01 through WC-09, WC-13, and WC-14).   

Figures 4 and 5 show that LPAH and HPAH concentrations decreased in nine and eleven of 18 
stations, respectively.  Figures 4 and 5 show that the detected total LPAH and HPAH 
concentrations are less than the SQOs throughout the Head of the Thea Foss Waterway except 
at station WC-02 where total HPAH concentrations are greater than the SQO. 

The overall average concentrations are generally lower from Year 2 to Year 3 in the Head of the 
Thea Foss Waterway.  Table 2 presents a comparison of the average detected chemical 
concentrations in Year 3 (2007) to Year 2 (2006) as well as the percent change in the averages 
from Year 2 to Year 3.  As Table 2 shows, the average detected concentrations for all but four 
HPAHs decreased between Year 2 and Year 3.  The percent decrease in the average detected 
concentrations between Year 2 and Year 3 ranges from one percent to approximately 100 
percent.  The percent increase in the average detected concentrations for the four HPAHs 
ranges from seven percent to 25 percent.  The average detected concentrations of the HPAHs 
with identified increases were approximately one third of the SQOs.   

The average detected DEHP concentration in the Head of the Thea Foss Waterway has 
decreased by approximately 22 percent from 2006 to 2007.  The average detected DEHP 
concentration in Year 3 (i.e., 1,922 ug/kg) is 1.5 times the SQO. 
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Additionally, the maximum detected DEHP concentration also decreased from Year 2 (i.e., 
7,700 ug/kg) to Year 3 (i.e., 4,900 ug/kg).  

The average detected phenol concentration in Year 3 samples collected from the Head of the 
Thea Foss Waterway was approximately one tenth of the SQO. 

Data Quality Review

A Level III / Tier II data quality review was performed on the data resulting from laboratory 
analysis.  The analytical data was validated in accordance with the following: 

� EPA CLP National Functional Guidelines for Inorganic Data Review (2004); and 

� EPA CLP National Functional Guidelines for Organic Data Review (1999). 

No qualifiers were added to the analytical results based on the data quality review.  The data 
was determined to be of acceptable quality for use as qualified.  Memorandums presenting the 
results of the data quality review are included in Attachment C. 

Conclusions and Recommended Next Steps 

The results from Year 3 monitoring performed in the Head of the Thea Foss Waterway are 
summarized as follows: 

� DEHP and other chemical concentrations did not exceed the SQOs within the 
additional cap material placement area; 

� DEHP concentrations are at or less than one half of the SQO within the additional 
cap material placement area; 

� DEHP was detected at concentrations exceeding the SQO at 11 stations within the 
southern portion of the Head of the Thea Foss Waterway;  

� DEHP concentrations decreased at 11 of 18 sampling locations from Year 2 to Year 
3;

� The average detected DEHP concentration decreased approximately 20 percent 
within the Head of the Thea Foss Waterway between 2006 and 2007 and the 
maximum detected DEHP concentration decreased from Year 2 (i.e., 7,700 ug/kg) to 
Year 3 (i.e., 4,900 ug/kg);  

� The average detected DEHP concentration in Year 3 (i.e., 1,922 ug/kg) is 1.5 times 
the SQO; 

� The detected concentration of four PAHs and Total HPAHs, exceeded the SQOs at 
sample location WC-02; 

� The detected concentrations of all other chemicals, including PAHs and phenol, at 
locations within the Head of the Thea Foss Waterway were generally at or below one 
half of the SQOs. 
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Based on the results, it is recommended that the next step be to perform Year 4 monitoring 
within the Head of the Thea Foss Waterway as specified in the OMMP for the Head of the Thea 
Foss Waterway Remediation Project.  Sampling to be performed in Year 4 (2008) within the 
Head of the Thea Foss Waterway will include collection of samples from the compliance interval 
from all 18 stations sampled in Year 3 (2007) and Year 2 (2006) monitoring activities.  The 
results of Year 4 sampling will provide data to further characterize and evaluate chemical 
concentration trends in the Head of the Thea Foss Waterway including the additional cap 
material placement area and the southern portion of the Head of the Thea Foss Waterway.   

The Phthalate Workgroup, which is comprised of representatives from EPA, the Washington 
State Department of Ecology, the cities of Tacoma and Seattle, King County, as well as public 
stakeholders, is continuing to identify and evaluate recommendations and actions to address 
the recontamination of sediment by DEHP at cleanup sites within the Puget Sound.  The 
Workgroup is developing recommendations to address phthalate reaccumulation at cleanup 
sites.  The need for follow-up actions, if any, in the Head of the Thea Foss Waterway will be 
reconsidered in conjunction with the recommendations from this workgroup.  
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Tables

Table  1 - Head of the Thea Foss Waterway Year 3 (2007) Surface Sample (0-10cm) Results 

Table  2 – Detected Analyte Averages for Year 2 (2006) and Year 3 (2007) Surface Sample (0-
10cm) Results 

Figures

Figure 1 – Year 3 (2007) OMMP Sample Locations 

Figure 2 – Year 3 (2007) OMMP Bis(2-ethylhexyl)phthalate (DEHP) Concentrations (0-10cm)  

Figure 3 – Bis(2-ethylhexyl)phthalate (DEHP) Concentrations Year 2 (2006) and Year 3 (2007) 

Figure 4 – Low Molecular Weight Polycyclic Aromatic Hydrocarbon (LPAH) Concentrations Year 
2 (2006) and Year 3 (2007) 

Figure 5 – High Molecular Weight Polycyclic Aromatic Hydrocarbon (HPAH) Concentrations 
Year 2 (2006) and Year 3 (2007) 

Attachments

Attachment A – Surface (0-10cm) Sediment Sample Collection Forms 

Attachment B – Surface (0-10cm) Sediment Sample Photographs 

Attachment C – Analytical Laboratory Data Reports and Data Quality Reviews (on CD) 
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Head of the 
Thea Foss Waterway

Table 2
Detected Analyte Averages for Year 2 (2006) and Year 3 (2007) Surface Sample (0-10cm) Results

Head of the Thea Foss Waterway

Parameter Units SQO
2006

Average
2007

Average
Change in 

Average (%)
Enrichment Ratio for 

2007 Average
Metals
Lead mg/kg 450 39 14 (64) 0.03
Zinc mg/kg 410 104 44 (58) 0.11
Mercury mg/kg 0.59 0.16 0.05 (69) 0.08
SVOCs
2-Methylnaphthalene µg/kg 670 100 47 (53) 0.07
Acenaphthene µg/kg 500 125 59 (52) 0.12
Acenaphthylene µg/kg 1300 62 32 (48) 0.02
Anthracene µg/kg 960 172 107 (38) 0.11
Fluorene µg/kg 540 115 48 (58) 0.09
Naphthalene µg/kg 2,100 152 77 (49) 0.04
Phenanthrene µg/kg 1,500 532 466 (13) 0.31
Total LPAH µg/kg 5,200 923 754 (18) 0.15
Benzo(a)anthracene µg/kg 1,600 422 399 (6) 0.25
Benzo(a)pyrene µg/kg 1,600 494 479 (3) 0.30
Benzofluoranthenes (total) µg/kg 3,600 1,151 1,314 14 0.36
Benzo(g,h,i)perylene µg/kg 720 204 217 7 0.30
Chrysene µg/kg 2,800 656 576 (12) 0.21
Dibenzo(a,h)anthracene µg/kg 230 48 57 18 0.25
Fluoranthene µg/kg 2,500 1,202 1,079 (10) 0.43
Indeno(1,2,3-cd)pyrene µg/kg 690 171 213 25 0.31
Pyrene µg/kg 3,300 1,041 893 (14) 0.27
Total HPAH µg/kg 17,000 5,300 5,221 (1) 0.31
Dimethyl phthalate µg/kg 160 ND 16 NA NA
Diethylphthalate µg/kg 200 ND ND NA NA
Di-n-butyl phthalate µg/kg 1,400 152 42 (72) 0.03
Butyl benzyl phthalate µg/kg 900 134 122 (9) 0.14
bis(2-ethylhexyl)phthalate µg/kg 1,300 2,480 1,922 (22) 1.48
Di-n-octyl phthalate µg/kg 6,200 116 68 (41) 0.01
Phenol µg/kg 420 650 39 (94) 0.09
2-Methylphenol µg/kg 63 ND ND NA NA
3- & 4-Methylphenol µg/kg 670 650 14 (98) 0.02
2,4-Dimethylphenol µg/kg 29 ND ND NA NA
Pentachlorophenol µg/kg 360 ND ND NA NA
Benzyl alcohol µg/kg 73 ND ND NA NA
Benzoic acid µg/kg 650 ND ND NA NA
1,2-Dichlorobenzene µg/kg 50 ND ND NA NA
1,3-Dichlorobenzene µg/kg 170 ND ND NA NA
1,4-Dichlorobenzene µg/kg 110 ND ND NA NA
1,2,4-Trichlorobenzene µg/kg 51 ND ND NA NA
Hexachlorobenzene µg/kg 22 4 ND NA NA
Dibenzofuran µg/kg 540 64 26 (60) 0.05
Hexachlorobutadiene µg/kg 11 ND ND NA NA
N-Nitrosodiphenylamine µg/kg 28 ND ND NA NA
Pesticides
4,4'-DDE µg/kg 9 ND ND NA NA
4,4'-DDD µg/kg 16 ND ND NA NA
4,4'-DDT µg/kg 34 ND ND NA NA
PCBs
Aroclor 1016 µg/kg NA ND ND NA NA
Aroclor 1242 µg/kg NA ND ND NA NA
Aroclor 1248 µg/kg NA 27 ND NA NA
Aroclor 1254 µg/kg NA 38 ND NA NA
Aroclor 1260 µg/kg NA 37 18 (51) NA
Aroclor 1221 µg/kg NA ND ND NA NA
Aroclor 1232 µg/kg NA ND ND NA NA
PCBs (total) µg/kg 300 90 18 (80) 0.06
Notes:
    NA   Not applicable
    ND   Not detected

Table 2 Head of Foss May 2007 Detected Analyte Averages.xls Sheet1 Page 1 of 1 Table 2
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RESULTS OF YEAR 3 (2007) OMMP SAMPLING
WITHIN THE HEAD OF THE THEA FOSS WATERWAY 

Attachment A 

Surface (0-10cm) Sediment Sample Collection Forms 

Year 3 Head of the Thea Foss Waterway Sampling and Analysis Memo.doc 















































RESULTS OF YEAR 3 (2007) OMMP SAMPLING
WITHIN THE HEAD OF THE THEA FOSS WATERWAY 

Attachment B 

Surface (0-10cm) Sediment Sample Photographs 

Year 3 Head of the Thea Foss Waterway Sampling and Analysis Memo.doc 



WC-02  5-16-07 1717

WC-01 5-16-2007 1106



WC-04  5-17-07 752

WC-03  5-16-07 1734



WC-06  5-17-07 739

WC-05  5-16-07 1327



WC-08 5-16-07 1503

WC-07 5-16-07 1512



WC-10 5-16-07 1301

WC-09 5-16-07 1636



WC-12 5-17-07 704

WC-11 5-16-07 1013



WC-14 5-16-07 1615

WC-13 5-16-07 1546



S-17  5-16-07 1217

S-15  5-16-07 914



S-24  5-16-07 1150

S-19  5-16-07 946



RESULTS OF YEAR 3 (2007) OMMP SAMPLING
WITHIN THE HEAD OF THE THEA FOSS WATERWAY 

Year 3 Head of the Thea Foss Waterway Sampling and Analysis Memo.doc 

Attachment C 

Analytical Laboratory Data Reports and Data Quality Reviews (on CD) 


