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ABSTRACT 

A survey of chemical contaminants in fish and crabs from Puget Sound's 
Commencement Bay area was initiated following reports by various agencies 
that certain waterways in the area contained relatively high levels of 
potentially toxic chemicals. Information was collected to provide the 
Tacoma-Pierce County Health Department with chemical data needed to begin
a preliminary assessment of any health risk possibly faced by persons 
eating fish and crabs from Commencement Bay and adjacent waters. 

Sampling was conducted from July 1981 to January 1982. Eighty-six 
non-salmonid fish and six Dungeness crabs were collected from popular
sport fishing locations in the vicinity of Commencement Bay and from a 
remote reference area, Discovery Bay. Muscle tissue from these specimens 
was chemically analyzed for selected metals and organic compounds (EPA
priority pollutants). 

Specimens from the C01T1Dencement Bay area generally had higher contaminant 
levels than did the specimens collected from Discovery Bay. The 
pollutant concentrations in the fish and crabs varied considerably, 
depending on the species and their location. The highest concentrations 
of polychlorinated biphenyls (PCB's) and pesticides were measured in fish 
from the Hylebos Waterway, while the highest total metal concentrations 
measured in fish were found in flatfish from the Point Defiance Dock. 
Regardless of where the crabs were collected, they contained total metal 
concentrations several times higher than the highest levels detected in 
fish. 

The mercury, PCB, and DDT concentrations measured were always well below 
the tolerance or action levels established by the U.S. Food and Drug
Administration (FDA). However, few specific guidelines are available to 
assist in the direct assessment of the potential toxicity of many
individual chemicals detected. The existing guidelines also do not 
address possible combinations of chemicals and metabolites. No attempt 
was made in this report to conduct an overall assessment based on these 
data. 
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CONCLUSIONS 

The edible muscle tissues of most of the fish and crabs collected 
contained several potentially toxic chemical contaminants. The degree of 
contamination varied considerably, depending on the species and the 
location from which the specimens were collected. Specimens from the 
Co11111encement Bay area generally had higher contaminant levels than did 
specimens from the Discovery Bay reference site. 

The highest total metal concentrations measured in fish were found in 
Nbottom" fish from the Point Defiance Dock. Total metal concentrations 
in "off-bottom" fish from the COlllllencement Bay area were similar to those 
measured in "off-bottom" fish from the Discovery Bay reference area. 
Crabs from both the Co11111encement Bay area and Discovery Bay contained 
total metal concentrations that were substantially higher than levels 
measured in fish from the same sites. The levels of mercury measured 
were always well below the action level of l.O ppm established by the FDA 
for fish and shellfish. 

Fish taken from the Hylebos Waterway contained the highest concentrations 
of PCB's averaging approximately 0.5 ug/g wet weight, or about one-tenth 
the FDA tolerance level of 5.0 ppm, and one-fourth the proposed tolerance 
level of 2.0 ppm. 

No chlorinated butadienes were found in any of the specimens at the limit 
of detection reached in this study. However, hexachlorobenzene (HCB) was 
detected in fish and crabs from the Hylebos Waterway, but not in 
specimens collected at other locations. The chlorinated hydrocarbon 
pesticides DDT, DOD, and DOE were the only pesticides detected. These 
compounds were found in all but one of the fish and crab samples 
analyzed. Relatively high levels of one or more of these pesticides were 
detected in individual fish from both the COl'll1lencement Bay area and the 
Discovery Bay reference site. However, the highest average total 
pesticide level was measured in specimens from the Hylebos Waterway.
Specimens from Discovery Bay had the lowest average total pesticide
level. Concentrations of DDT and its metabolites never exceeded the FDA 
action level of 5.0 ppm in fish. 

Phthalates were commonly found in many of the fish. In addition, a 
limited number of volatile organic compounds were detected in a few of 
the fish and crabs collected. 

Although most of the contaminants detected in the edible muscle tissues 
appeared to be present at relatively low levels, efforts should continue 
to be directed at assessing their human health significance. The 
potential toxicity of combinations of these and other contaminants and 
their metabolites must be considered in the risk assessment process. 
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INTRODUCTION 

The potential for Puget Sound and adjacent waters to be adversely
affected by expanding urban and industrial development has been known for 
some time. However, the possible extent and nature of some of these 
effects were not recognized until recently. In 1980, the National 
Oceanic and Atmospheric Administration (NOAA), Office of Marine Pollution 
Assessment (OMPA), reported on studies which described the distribution 
and possible biological effects of selected chemical contaminants in 
Puget Sound (6,11). Water, suspended matter, sediments, and aquatic 
organisms collected from several locations in Puget Sound were found to 
have measureable concentrations of one or more of the following groups of 
chemicals: metals, polychlorinated biphenyls (PCB's}, petroleum 
hydrocarbons, and chlorinated organic compounds. Selected waterways in 
the Commencement Bay area generally appeared to be the most polluted. 

In addition to the chemical contaminants observed, some of the fish, 
crabs, shrimp, and clams collected from a few of the contaminated areas 
were found by Malins and his associates {6) to have a variety of lesions 
of the liver or other organs. These observations raised questions about 
not only the relationship between the chemical contaminants and the 
health of associated aquatic organisms, but also about the possible 
influence of these chemicals on the health of those persons eating the 
contaminated seafoods. Considering the general lack of chemical and 
toxicological information on the chemical contaminants present in edible 
portions of aquatic organisms inhabiting the Commencement Bay area, the 
Tacoma-Pierce County Health Department issued warnings advising people 
not to eat fish and shellfish caught in certain waterways. Since this 
work has been completed, Malins and his associates (7) have published 
chemical and biological data on livers taken from 85 fish throughout 
Puget Sound. They-presented data on organic compounds in liver and 
muscle tissue from 13 fish caught in Conmencement Bay. These included 
five English sole, five salmon, and three cod. 

To provide more complete information on which to assess the human health 
significance of the chemical contamination described, EPA Region 10 
initiated a chemical survey in July 1981, to determine if potentially
toxic organic compounds and metals were present in edible muscle tissues 
of non-salmonid fish and crabs from Commencement Bay and nearby waters. 

The synergistic or antagonistic effects of the contaminants and their 
metabolites found in the fish are generally unknown at the present time. 

The effect of the cooking methods used by the public was not considered 
in this report. 
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Final Preparation 

Before removing any tissues for analysis, each specimen was 
identified, weighed, measured, and inspected for grossly visible 
lesions. parasites, and other features of possible significance. 
Fish samples were first skinned (Note 3), then edible muscle tissue 
(the fillet) was removed from both sides of each specimen using
stainless steel scalpels, scissors, and forceps (Note 4). As much 
edible muscle tissue as possible was picked from the crab samples 
using the same stainless steel instruments. The tissues collected 
were cut or torn into small pieces before being placed in glass jars
having teflon-lined screw caps (Note 5), then weighed and stored at 
1°C until processing for chemical analysis was begun. 

Following the collection of the muscle tissues, fish livers were 
removed with stainless steel scissors and forceps, placed in glass 
jars fitted with aluminum foil-lined screw c~ps (Notes 1,5), and 
stored at -12°C for possible future chemical analysis. All the 
livers were weighed and visually inspected before being frozen. 

Finally, the sex of the fish was confirmed by inspection of the 
gonads under a microscope, and otoliths were collected to provide 
information on the ages of the fish collected. 

The gross visual inspection of the fish and livers for such things as 
lesions and parasites was included in the sampling procedures to 
compliment the chemical information being collected. These general 
observations were not intended to constitute an independent
investigation of biological abnormalities. However, the observations 
were considered appropriate in light of recent studies identifying 
possible links between chemical contamination and diseases of fish 
and crustaceans from certain Puget Sound waters (6,7). 

Notes: 1. The aluminum foil, used to line the tissue sample jar 
lids, and to wrap the whole fish and crabs, was 
cleaned in the following manner: 

a. Rinsed twice with pesticide-grade acetone. 

b. Rinsed twice with pesticide-grade methylene 
chloride. 

c. Dried 10 minutes in a drying oven at 100°C. 

2. The decision to preserve the samples for analysis by 
refrigeration rather than freezing was based on 
concerns about the poorly defined effects of freezing, 
coupled with possible thawing and refreezing, on the 
concentrations of volatile organic compounds in edible 
muscle tissues. The procedure of analyzing 
refrigerated tissues was also believed to be 
consistent with the way in which many of the sport 
fish catches were preserved before being prepared for 
consumption. 
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ANALYTICAL METHODS 

Fish and crab samples were analyzed for the priority pollutant organic 
compounds and metals, which are listed in Table E-1. Additional metals 
and organic compounds previously detected in Connencement Bay by other 
investigators were included. Tentative identifications were made for 
those compounds showing response in the gas chromatography/mass 
spectrometer (GC/MS) chromatograms. 

Analytical methods for the priority pollutants, other organic compounds,
and metals, followed EPA procedures as much as possible. However, 
modifications were needed to remove interferences so that lower detection 
limits were achievable. This section briefly outlines the procedures 
followed. Details of the procedures and detection limits are indicated 
in Tables F-3 and F-4. 

Procedures for Organic Compounds 

The edible muscle tissues of the fish and crab samples were extracted 
into a methylene chloride/methanol mixture three times with a Brinkman 
Polytron homogenizer. After filtering, the extracts were reduced in 
volume and combined with organic-free water at a pH of ~2. The 
water/extract mixtures were extracted again with methylene chloride, 
reduced in volume and divided for pesticide/chlorinated hydrocarbon 
analysis and acid/neutral (A/N) analysis. 

The fractions used for pesticide, PCB, and polychlorinated butadiene 
(PCBD) analyses were further cleaned on a Florisil column; pentane was 
used to elute the PCBD, PCB, and some of the chlorinated pesticide 
compounds. Mixtures of diethylether/fentane were used to elute the other 
pesticides. These fractions were ana yzed by GC/EC
(gas chromatography/electron capture) with dual column confinnation. 
When the concentrations of chlorinated species were sufficiently high,
confinnation was obtained by a halogen - specific detector and/or fused 
silica capillary chromatography/mass spectrometry/data system
(FSCC/MS/DS). The A/N fraction was further cleaned by gel penneation
chromatography before FSCC/MS/DS analysis. Volatile organic compounds 
were analyzed by the gas purge, GC/MS procedure as modified by the Region
10 Laboratory (3). A detailed description of the analytial methods is 
presented in Appendix E. · 

Procedures for Metals 

Samples of tissues were digested with a mixture of nitric acid and 
hydrogen peroxide until the tissue was destroyed. The metals were 
detennined by atomic absorption spectrometry using a graphite furnace or 
flame following EPA methods (8). Mercury was detennined by the manual 
cold vapor technique, similar to that described by EPA Method 245.5 (8). 
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The average PCB concentrations in the various species of fish at the 
various sampling sites are depicted in Figures A-1 through A-14. 
Specific data are shown in Tables A-1 through A-3. 

Chlorinated Butadienes (PCBD's) 

Detectable levels of polychlorinated butadienes were not found in any of 
the muscle tissues analyzed. The limit of detection was 0.001 ug/g. 

Hexachlorobenzene (HCB) 

Hexachlorobenzene was detected only in fish and crab muscle tissue 
samples taken from the Hylebos Waterway. The HCB levels in the fish 
ranged from 0.014 ug/g to 0.15 ug/g with an average of 0.078 ug/g which 
was 2 to 6 times higher than in crab. The limit of detection for HCB by
GC/EC was 0.001 ug/g. The presence of HCB in Hylebos Waterway samples 
was confirmed both with a halogen-specific detector and GC/MS. 

Chlorinated Pesticides 

Although a search was made for all of the chlorinated hydrocarbon 
pesticides listed in Table E-1, the only pesticides found were DDT, ODD 
and DDE. These three compounds were detected in all but one of the 
samples of fish and crab muscle tissue analyzed. Total pesticide levels 
(sum of the concentrations of DDT, ODD, and DOE) ranged from less than 
0.001 ug/~ to 0.059 ug/g, and were much lower than the PCB concentrations 
measured (Tables A-1, A-2. and A-3). The highest average total pesticide 
level was measured in species from the Hylebos Waterway, with specimens 
from Discovery Bay having the lowest average total pesticide level. 
Concentrations of DDT and its metabolites were always well below the FDA 
action level of 5.0 ppm. 

Volatile, Acidic, and Neutral Organic Compounds 

A variety of volatile, acidic, and neutral organic compounds were found 
by GC/MS in fish and crab muscle tissues taken from the five sampling 
stations. Although attempts were made to characterize several hundred 
compounds detected in tissue extracts by mass spectral matching 
techniques, only 56 compounds were identified. Comparision of retention 
times and mass spectra data generated from authentic substances was 
possible for 17 compounds found on the priority pollutant list. Tentative 
identifications based on mass spectral matching results were assigned to 
the remaining 43 substances. Both tetrachloroethylene and 
trichloroethylene were detected in fish tissue sampled at the Hylebos
Waterway. Both chemicals were detected in water from the Hylebos in 
previous EPA surveys. This may be the first time volatile organics have 
been shown to accumulate in fish. The results of GC/MS analyses are 
compiled in Tables C-1, C-2, and C-3. 

Several other unidentified chlorinated substances were present in all 
Hylebos Waterway tissue samples. These peaks were not present in samples 
taken from other stations. 
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Meta1s 

The fish and crab tissue samples were analyzed for 13 metals. Arsenic, 
cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, and 
zinc were found in low to moderate concentrations. Antimony, beryllium
and thallium were not detected. All concentrations are presented on a 
wet weight basis. 

The highest average total metal concentrations were found in the tissues 
of the "bottom" fish and the "mixed" fish. The "off-bottom" fish had 
lower average total metal concentrations regard1ess of station location. 

118ottom11 fish had the highest average total meta1 concentration at the 
Point Defiance Dock station (27.6 ug/g). The average total metal 
concentrations in "bottom11 fish at the other four stations are arrayed as 
follows: Hylebos Waterway 12.3 ug/g, Old Town Dock 11.4 ug/g, City 
Waterway 11.1 ug/g and Discovery Bay 9.4 ug/g (Figure 8-1). 

While "mixed" fish contained higher average total metal concentrations 
than did the "off-bottom" fish, there were no remarkable differences in 
11mixed" fish averages between stations. The highest average in this 
11mixed" fish category was in fish from the Old Town Dock area (12.8
ug/g). The second highest average was in fish from the Point Defiance 
Dock area (12.0 ug/g). The lowest averages in this group were found in 
fish from the Hylebos Waterway and Discovery Bay. "Mixed" fish from both 
of these areas had average total metal concentrations of 10.0 ug/g. No 
11mixed 11 fish were sampled at the City Waterway (Figure 8-2). 

The "off-bottom" fish had the lowest average total metal concentrations, 
and the smallest differences between these values at the different 
stations. "Off-bottom" fish from the Point Defiance Dock area actually 
contained less total metals, (8.4 ug/g) than did 11 off-bottom 11 fish from 
the reference station (8.5 ug/g). 11 0ff-bottom 11 fish from the Old Town 
Dock area averaged 8.0 ug/g, and "off-bottom" fish from the City Waterway 
averaged 7 .6 ug/g. Unfortunately no "off-bottom" fish from the Hylebos
Waterway were samp1ed (Figure B-3). 

Crab muscle tissues contained several times more total metal than the 
fish muscle tissues from the same sampling stations. Differences between 
station averages were small. The reference station Dungeness crab 
contained only slightly less total metal than did crab from the Hylebos
Waterway (Figure 8-14). 

Total and individual metal concentrations found in the various fish and 
crab species are presented graphically in Figures 8-4 through B-14. 
Averages of metal concentrations by species are compared in Table 8-1 and 
the means and ranges by station are tabulated in Table B-2. Data 
describing metal concentrations for individual fish and crabs are 
presented in Table 8-3. 

The different metals are discussed individually with respect to station, 
species, and fish category occurrences. 
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Copper 

Copper concentrations were relatively high in fish from the Point 
Defiance Dock area and the Old Town Dock area. Fish from Discovery 
Bay, and the Hylebos and City Waterways contained less copper. 

11 0ff-bottom11 fish from the Point Defiance Dock area contained the 
most copper of any group of fish from any station. Copper
concentrations in these fish averaged 0.82 ug/g. "Mixed" fish from 
the Point Defiance Dock area had the second highest average 
concentration at o.76 ug/g. "MixedN fish from the Old Town Dock 
area had the third highest average concentration of copper at 0.6 
ug/g, followed by "off-bottom" fish from that same station with an 
average of Q.52 ug/g. 

"Mixed" and "off-bottom" fish consistently contained more copper on 
the average than the "bottom" fish collected from any of the sampling 
stations. 

Lead 

Lead levels were highest in fish caught in the Point Defiance Dock 
area, the Old Town Dock area, and the City Waterway. Lead levels 
were lower in fish from Discovery Bay and the Hylebos Waterway. 

"Bottom" fish from the Point Defiance Dock area contained the highest 
average lead concentration at 1.98 ug/g. This average includes a 
concentration of 10.4 ug/g lead found in an English sole. If this 
sole were excluded as an outlier from the averaging, the average for 
this group would be 0.58 ug/g lead. The second highest lead 
concentrations were found in the "mixed" fish from the Old Town Dock 
area. They averaged Q.63 ug/g lead. 110ff-bottom11 fish from the 
Point Defiance Dock station were third highest in lead concentration 
with an average of 0.61 ug/g. 

Average levels of lead detected in the Hylebos Waterway samples were 
actually lower than those averages found in Discovery Bay samples. 

Mercury 

The Hylebos Waterway and the Old Town Dock area produced fish with 
the highest average mercury concentrations. 11 0ff-bottom" fish at 
Discovery Bay also contained relatively high concentrations. 

I 

The highest concentrations of mercury were found in whitespotted 
greenling caught in the Hylebos Waterway. The average mercury 
content of these fish was 0.17 ug/g. The second highest 
concentrations were found in 11off-bottom 11 fish from the Old Town Dock 
area. These fish averaged 0.010 ug/g mercury. Walleye pollack 
caught at the Discovery Bay station also contained higher mercury
concentrations with an average of 0.008 ug/g. 

At all stations, where comparisons could be made, the "mixed" fish 
and the "off-bottom" fish contained higher average levels of mercury 
than the "bottom11 fish. Levels of mercury measured were always below 
the action level of 1.0 ppm established by the FDA for fish and 
shellfish. 
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(Crab Tissue) 

Metal concentrations detected in Dungeness crabs, caught in the 
Hylebos and City Waterways and Discovery Bay, were generally high. 
Zinc, copper, nickel, and silver concentrations were especially high. 

Zinc concentrations were consistently high in crabs from all stations 
(49.3 ug/g to 52.6 ug/g). These averages are 5 to 12 times higher 
than zinc concentrations found in the fish tissue. Commencement Bay
crabs contained 3 to 4 times the copper (12.7 ug/g to 15.0 ug/g} that 
Discovery Bay crabs contained (4.3 ug/g). 

Lead concentrations in crabs from ColTITlencement Bay were twice as high 
(0.69 ug/g to O.82 ug/g) as those found in Discovery Bay crabs (O.36
ug/g). Mercury and cadmium levels in crabs from Conmencement Bay 
were similar to levels found in crabs from the reference station. 

Arsenic and nickel concentrations in crabs from the Commencement Bay 
area were actually lower than concentrations detected in crabs from 
the reference station. 
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Condition of Samples 

General Condition 

The external condition of the crabs appeared to be good witt. only ont 
oungeness crab missing a leg and another having a "scar" on its 
carapace. Although no tumor-like growths were seen on any of the 
fish samples, approximately 13% of all the fish collected were 
observed to have some type of external abnormal conait1on. The 
abnonnalities appeared to have been causea by such things as disease, 
predation, parasitism, abrasion, or hook ana line fishir,g. Tt1e 
abnormal conditions recorded are listed in Table 0-1 and summarizeo 
below. 

The erosion or loss of portions of various fins was observea in an 
English sole and a whitespotted greenling from 1-{ylebos Waterway, in 
an English sole and a rock sole from the Point Defiance Dock, ana 111 
a walleye pollock from City Waterway. Hemorrhaging along the dorsal, 
anal, and caudal fins was seen in a starry flounaer from City
Waterway, while "raw looking" pink/red splotches were observed on the 
blina side of a flatheaa sole from the same area. An open tear was 
noted in the flesh along the caudal peduncle of a walleye pollock 
from City \<Jaterway, with a bleeding wouna observea on the caudal 
peduncle of a rock sole from the Point Defiance Dock. In addition, a 
buffalo sculpin from Old Town Dock was missing a portion of its left 
maxi 11 ary, and a starry flounder from Discovery 6ay haa sma 11 lesions 
on its blina side that appeared to be associatea with tt1e presence of 
crustacean parasites. 

The highest incidences of abnormality were in fish fror.i City Waterway
{20%), Point Defiance Dock {19i}, ana 1-{ylebos Waterway (18%). only
6% of the fish from Ola Town Dock ana the Discovery Bay reference 
area were observed to have external abnonnalities. 

Abnormalities in the fish from tne Commencement Bay stations were 
most prevalent in flatfish (60%), with the remainder of the 
abnormalities (40%) being observed in wall eye poll ock, wl1i tespottea 
greenling, and buffalo sculpin. 

Inspection of the fish livers did not result in the aetection of any
grossly visible lesions or abnonnal growths. The most striking
feature of the livers examined, however, was the wiae variation in 
their coloration trom station to station. For example, the livers of 
English sole collected from the Hylebos Waterway rangea in color frori1 
yellowish/brown to yellowish/beige with pink or red/brown splotches, 
while the livers of English sole taken from Discovery Bay rangea from 
pink/beige to gray/brown with gray/white splotches. 

Although the significance of the color differences was not known, 
they may have been linkea to such factors as size, age, sex, diet, or 
physiological state. It is also possible that in some cases tl1ey 
were associated with a aegenerative condition, or the presence of 
microscopic lesions, as reported by Malins and his associates (6). 
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Size and Age of Samples 

The estimated ages of the fish collected ranged from 1 year to 11 
years, with most of the fish being from 3 years to 6 years of age. 
The average lengths and estimated ages of the most frequently
collected fish species (English sole, walleye pollock, and Pacific 
hake) are presented in Table 4. For more detailed infomation on the 
length, age, total weight, fillet weight, liver weight, and sex of 
these and other fish collected refer to Table D-1. 

The average length of the English sole collected ranged from 246 mm 
(Old Town Dock) to 289 mm {City Waterway). The average estimated 
ages of English sole collected from these same stations ranged from 3 
years at Old Town Dock to 5 years at City Waterway. Walleye pollock
ranged in length from an average of 333 mm {Old Town Dock) to an 
average of 409 mm (City Waterway); the average estimated age of these 
fish also ranged from 3 years to 5 years, respectively. The average 
length of Pacific hake collected from Old Town Dock was 435 mm, with 
specimens collected from City Waterway averaging 448 mm in length. 

Regardless of the species listed in the table, the smallest (and
youngest) fishes were collected from Old Town Dock, with the largest 
(and oldest) specimens being taken from City Waterway. Considering
the small sample sizes involved (3-5 samples), it was not possible to 
explain this size and age distribution. It is important to note that 
although most of the fish species collected were not characterized by
large differences in size or age, the differences that did exist 
could have accounted for at least some of the variation observed in 
the result of the chemical analyses. 

No effort was made to estimate the ages of the crabs collected. The 
Dungeness crabs ranged in carapace width (excluding spines) from 118 
mm (Hylebos Waterway, female) to 186 mm (Discovery Bay, male). 
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APPENDIX A. 

Comparison of Concentrations of PCB's and Pesticides Among Fish Species 
and Sampling Sites 

NOTE: 11 u" denotes concentration is less than detection 1 imit 

11 11< denotes quantifiable concentrations have been averaged
together with "u" concentrations 

For more information concerning detection limits see Appendix F 
page 115. 
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.400 .. Figure A.-5. Average of total PCB ard Pesticide C'.)n=ttati::m 
in Flathead Sole Muscle ~iss~c collec::ed fran c~e 
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Figure A-13. Average of Total PCB an1 Pesticide Col'D!nt.ration ·,400 
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Averoge PCB 
Table A-1. 

and Pestcide Concentrations Found in Fish Muscle Tissue Sampled in the COlllnencement Bay Area and Discovery Bay ug/9 wet weight 

: --~-: ·. ~n 

t1ylcbos 

\./a te,·wc1y 

Species 

llhiltis~otted 
Greening 

~nqlish Sole 

Pacific Staghorn
Sculpin 

(N) 

3 

5 

2 

Hean 

0.86 

0.55 

0.26 

PCB 

Range 

0.45-1.12 

0.13-1.03 

0.17-0. 34 

ODT 

Mean Range 

0.025 P.014-0.037 

0.008 (4/5) O.IDlu-0.015 

0.003 [).002-0.004 

Mean 

0.006 

0.005 

0.002 

00£ DOD 

R,rnge Mean Range 

0.002-0.01 0.005 J.002-0.01 

0.002-0.007 -:::o.ooa(4/5) O.OOlu-0.0l 

- 0.002 -

Mean 

0.059 

0.11 

0.031 

HC8 

P.ange 

[).014-0.096 

0.056-0. l 5 

0.028-0.034 

I 
.i,,. 
N 
I 

f'oint DetldOCC 

Dock 

[nglish Sole 

Rock Sole 

C-0 Sole 

3 

2 

1 

0.33 

0. )2 

0.07 

0. 10-0.64 

0.06-0. 19 

-

"'0.002(1/3) O.OOlu-0.005 

c 0.004( 1/2) UC.Olu-0.006 

O.OOlu -

0.004 

0.026 

0.001 

0.003-0.005 "'0.003(2/3) O.OOlu-0.001 

0.003-0.049 9).001(1/2) 0.00lu-0.00l 

- O.OOlu -

O.OOlu 

O.OOlu 

O.OOlu 

-
-

-

-

Wa I !eye Pol lock 

Pacific Staghorr.
Sculpin 

Buffalo Sculpin 

5 

3 

1 

0.058 

0.049 

0.011 

0.017-0.13 '0.005( 2/5) 

0.045-0.052 -0.002(2/3) 

- O.OOlu 

0.00Ju-U(l5 

O.DOlu-0.005 

-

0.004 

0.007 

O.OOlu 

0.001-0.0ll q),t,01{1/5) O.OOlu-0.001 

0.004-0.011 .:::0.002(2/3) p.OOlu-0.00~ 

- O.OOlu -

O.OOlu 

O.OOlu 

O.OOlu 

-
-

-

. 



Table A-1. cont. 
"vera9e PCB dnd Pesticide Concentrations found in Fish Muscle Tissue Sa~pled in the Colllllencement Bay Area and Discovery Bay ug/g wet weight 

PC8 DOT ODE 000 WP, 

~ti!·~ ion Specie!. (NJ Medo Range Mean Range Mean Range Mean Rdnge Mean R,rnge 

Oi scovery Bay Walleye Po 11ock 5 ""0.072(2/5) O.Olu-0.27 ::o.006(2/5) P.OOlu-0.02~ 0.009 0.001-0.035 f{).001(1/S) !l.OOJu-0.00L 0.00}u -

English Sole 5 ::o.on(21s1 O.Olu-0.01 "0.001(1/5) O.OOlu-0.00;1 0.003 0.002-0.003 0.00lu . O.OOlu -

Starry flounder 1 0.012 - O.OO)u - 0.005 - O.OOlu - O.OOlu -
Pacific S taghorn 5 O.OlOu - O.OOlu - 0.002 0.002-0.004 O.OO!u - O.OOlu -Sculpin 

Pacific Tonicod I O.OlOu - O.OOlu - 0.002 - O.OOlu - O.OOlu -
I 
~ 
~ fhthead Sole I O.OIOu - O.OOlu - 0.001 - O.OOlu - O.OOlu -
I 

Fraction represents the number of samples with detectable values over the number of samples analyzed 

http:O.Olu-0.01
http:P.OOlu-0.02
http:O.Olu-0.27


Table A-2. cont. 
PCB dnd Pesticide Concentrations*found in fish Muscle Tissue Sa,npled at the City waterway. 

I 
~ 
CT\ 
I 

Lab. No. Species PCB 1254 Average DOT Average 00[ Average D00 Average HC8 Average 

29005 Pacific TOllCod - - - - - - - - - -
46051 Paci fie fOllCOd 0.032 0.030 O.OOlu 0.00lu 0.002 0.002 O.OOlu O.OOlu O.OOlu O.OOlu 

46052 Pac Hie Tomcod 0.028 O.OOlu 0.003 0. OOlu O.OOlu 

46050 P11cific Cod 0.038 0.037 0.001 0.006 O.OOl 0.002 O.OOlu O.OOlu 0,00lu O.OOlu 

46058 Paci fie Cod 0.036 0.0ll 0.002 O.OOlu O.OOlu 

38022 St.srry flou11der 0.18 0.18 0.002 0.002 0.004 0.004 0.003 0.003 O.OOlu O.OOlu 

38026 flathead Sole 0.033 0.033 O.OOlu O.OOlu D.001 0.001 O.OOlu O.OOlu O.OOlu 0,00lu 

36050 English Sole 0.054 0.005 0.005 0.006 0.00lu 

38021 English Sole 0. 16 0.002 0.004 0.002 O.OOlu 

38023 English Sole 0.23 O.l9 0.002 0.004 0.006 0.005 0.013 0.008 O.OOlu O.OOlu 

38024 English Sole 0.15 0.004 0.005 0.002 O.OOlu 

38025 English Sole 0.36 0.005 0.006 0.016 O.OOlu 

46053 Walleye Pollock 0.53 0.004 0.007 0.001 O.OOlu 

46054 ual leye Pollock 0.017 0.002 0.003 O.OOlu O.OOlu 

46055 Wd l leye Pol lock 0.20 0.17 0.026 -c::0.000 0.015 0.006 0.001 < 0.001 O.OOlu O.OOlu 

46056 W.s I leye Pol lock 0.036 O.OOlu 0.002 O.OOlu 0.00lu 

46057 Wa I leye Pollock 0.066 0.009 0.005 O.OOlu 0.00lu 

46060 Pacific H.ske 0.020 0.002 0.001 O.OOJu O.OOlu 

46061 Paci fie Hake 0.073 0.003 0.003 0.002 0.00lu 

46062 Pacific lldke 0.038 0.044 0.002 0.002 0.001 0.002 O.OOlu < 0.001 O.OOlu 0.00lu 

46063 Paci fie Hake 0.036 0.002 0.002 O.OOlu O.OOlu 

460~9 Pacific flake 0.053 0.003 0.002 0.001 O.OOlu 

. Com:entrat ions [)( pr, ssed rn u I We Wei, ht 



Table A-2. cont. 
PCB and Pesticide Concentrations•Found in fish Muscle Tis~ue Sampled at the Point Defiance Dock 

Lab. Ho. Species PCB 1254 Average DDT Average ODE Average DOD Average HC8 Average 

28000 Rock Sole o. 19 0.006 0.049 0.001 O.OOlu 

29000 Rock Sole 0.060 0. )2 O.OOlu ,c0.004 0.003 0.026 O.OOlu <0.001 O.OOlu O.OOlu 

29001 Rock Sole . . - - - - - - - -
29002 Eng 1i sh So le 0.10 O.OOlu 0.003 O.OOlu O.OOlu 

29003 English Sole 0.64 0.33 O.OOlu "'0.002 0.005 0.004 0.001 <0.003 O.OOlu O.OOlu 

38027 English Sole 0.25 0.005 0.005 0.006 0.001u 

29004 C-0 Sole 0.070 0.070 O.OOlu O.OOlu 0.001 0.001 O.OOlu O.OOlu O.OOlu O.OOlu 

I 
.s:,. 38028 Buffa lo Scul pin 0.011 O.Oll O.OOlu O.OOlu O.OOlu O.OOlu O.OOlu O.OOlu O.OOlu O.OOJu 
co 
I 01000 Wcl 11 eye Po Hock 0.085 0.008 0.006 0.00) O.OOlu 

01001 Wdlleye Pollock 0.031 O.OOlu 0.001 O.OOJu O.OOlu 

01002 Walleye Pollock 0.027 0.058 O.OOlu <0.005 0.001 0.004 O.OOJu ~ 0.001 O.OOlu O.OOlu 

01003 wa 11 eye Po 11 ock 0.017 O.OOlu 0.002 O.OOlu O.OOlu 

01005 Walleye Pollock 0. 13 0.015 O.Oll O.OOlu O.OOlu 

01004 Pacific Staghorh Sculpin 0.045 O.OOlu 0.004 0.001 O.OOJu 

01006 Pacific Sta9horn Sculpin 0.050 0.049 0.001 1< 0.002 0.011 0.007 O.OOlu "'0.002 O.OOlu O.OOlu 

01007 Pacific Staghorn Sculpin 0.052 0.005 0.006 0.003 O.OOlu 

* Concentration Express din u /g Wet ~ eight 



---- -----

Table A-3, 

PCB and Pesticide Concentrations*Found In Crab Muscle Tissue Sillllpled at the Hylebos Waterway. City Waterway and Discovery Bay 
--------- - -~- ----

lab. Ho. Species PCB 125' Average ODT Average ODE Average 000 Average HCB Average 

36058 Oungeness Crab 0.058 0.052 O.OOlu < 0. 001 0.003 0.002 0.001 < 0.001 0.019 0.018 

36059 Oungeness Crab 0.047 0.001 0.00? O.OOJu 0.018 

Station: Cl ty Waterway 

Lab. No. Species PCB I25~ Average DDT !Average ODE Average 000 Average HCB Average 

I 0.004 O.OOlu i<0.001 0.00lu O.OOluU"I 36056 Oungeness Crab 0 .OBJ 0.068 0.002 0.002 0.005 
0 

I 36057 Oungeness Crab 0.053 0.001 0.004 0. 001 O.OOlu 

Station: Discovery Bay 

Average 00[ Average UCB ~verageLab. Ho. Species PCB 1254 Average OOT DOD Average 

48006 Dungeness Crab O.OlOu O.OlOu O.OOlu O.OOlu 0.006 0.005 O.OOlu D.OOlu O.OOlu O.OOlu 

48011 Oungeness Crab O.OIOu O.OOlu 0.004 O.OOlu 0.00111 

• Concentration Expre5s ~d in U< 'lq Wet ~ eight 



APPENDIX B. 

Comparison of Concentration of Metals Among Fish Species and Sampling Sites 

11 u11NOTE: denotes concentration is less than detection limit 

11 11< denotes quantifiable concentrations have been averaged 
11 u11together with concentrati ans 

For more infonnation concerning detection limits see Appendix F 
page 115. 
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Figure 8-3. Average of Total ~tal Concentration azrong Off-Bottan 
Fishes Collected fran Three Conre.'1Carent Bay Sites 
aro a Reference Station at Discovery Bay 
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22.5 

Figure B-5 Average of Total Metal Concentration in 
Flathead Sole Muscle Tissue Collected fran 
One Camencenent Bay Site arrl d Reference 
Station at Discovecy Bay20.0 
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22.5 
Figure B-7 Average of Total Metal Concentration in 

Starry Flowx:ler Muscle Tissae Collected 
fran One camencerrent Bay Site and a 
Reference Station at Discove..ry Bay 

20 0 · • STARRY FLO.HIDER 

t,etals lncbdel: 

Arsenic •1ercc1ry 
Cami um Ni eke 1 17. 5 • 
Chromium Selenit.m 
Copper Silver 
Lead Zinc 

... 
.l: 15.0 

"" 
QJ 
i 
.., 
QJ 
i 

Q" 12.5
' er. 
;::, 

z 
S! ,-
~ ... 
>I:..., 10.0 
~ 
0 
u .., 
< 
I-..., 
:c. .., 7.5 
<
I-
0 
I-...,.., 

5.300 Zn a .7nc Zn 
~ ..., 
> 5.0< 

.560 Ni 

.350 Pb 
2. 5 • .300 Cu 

. 2 70 Cr .1-~'l :h 
. 6 t ,1 r~ 

2. 100 As . 35-1 Cu 
_.!~() fr 

0 r1o Sar,p 1 e 
. ; (',"\ ,~c; 

Hylebos l~aterway City .iaterway Old Town Dock no i n t )e f • ~ nce 
flock 

Discovery 
tlay 

-57-



22.5 

zo.o 
Figure B-9. Awrage of Total ~ta.l eonc:entration in 

Pacific Staqhcrn sew.pin MUscle Tis:.ue 
Collect.ed fmn 'three Canneuc:anent Bay Sites 
and a Pafert!!nee Station at Discovery Bay 
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25.5 Figure 8-11. Average cf Total Metal Conce:,tration ir. 

Pacific Hake Muscle Tissue Collected fran 
1"° COwencenent Bay Sit.es 
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22.5 
Figure B-13. Average of Total Metal Concentration in 

Walleye Pollock .'luscle Tissue Collected 
fran nu-ee c.am-encement Bay Sites a.rrl a 
Reference St:ation at Discove.ry Bay 
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Tdble 8-1. 

Averc1ge Meld! Concentrations Found in Fish Species Sampled 10 the Cou,nencement Bay Ared dnd a Reference Station at Discovery Bay ug/g wet weight 

C-0 SOl.l (N) Arsenic ladn1i1J111 Chromium Copper Lead Mercury Nickel Selenium Si Iver Zinc 

llylebo, Wdterwdy 

City W,tterway 

Old Town Oock 

Point Defiance Dock ( l) 3/ .8 0.006 0.18 0.44 0.65 0.02 0.50 0.06 0.006u 10. 7 

Discovery Bay 

I EtlGLI SH SOU (N)m 
u, 
I 

0.23 0.28 0.25 0.03 1.) < 0. 14 0.07u 5,1Hvlebos Waterway (5) 4.9 0.008 

0. 32 0.04 0.65 0.07u O.Olu 5.5City Wc1teno1ay (5) 5. l 0.005u 0.31 0. 32 

0.007 0.14 0.38 0.58 0.03 0.46 0.12 0.006u 5.9Old Town Oock (3) 2.9 

< 0.13 0.006u 6.5Point Defiance Dock (3) 8.6 0. 007 0.28 o. 39 3.9 0.0) 0.52 

0.04 0.23 0.07u O.Olu 5.2Discovery Bay (5) 3.2 < 0.006 0.06 0.42 0.46 

FLATHEAD SOLE (N) 

Hylebos Wc1teno1ay 

City Waterway (l) 1.0 0.005u 0.47 0.25 0. 35 0.04 0.50 O.JOu 0.007u 4.3 

Old Town Oock 

Point Defic1nce Oock . 
Oi scovery Bc1y (l) 5.3 0.004u 0.07 0.28 0.31 0.04 0.20 0.07u O.Olu 4.0 



.. 

Tc1ble 6·1. cont. 

Averc1ge 1-letal Concentrdtions found in fish Species Sa~led in the Commencement Bay Area and a Reference Statton at Discovery Bay ug/g wet weight 

PACIFIC STAGHORH SCUlPIN (N) Arsenic Cadlllium Chromium Copper lead Mercury Hickel SeleniUIII Silver Zinc 

Hylebos Waterway (3) 0.73 0.021 0.32 0.54 0.41 0.02 0.17 0.08u 0.0lOu 7.0 

City Waterwdy 

Old Town Dock (1) 0. 31 0.012 0.25 0.12 0. 72 0.03 0.90 0.12 0.006u 10.0 

I 
0\ ......, 

I 

Point Oefic1nce Dock (3) 

Discovery Bay (5) 

ROCKfl Sil (N) 

0.71 

2.0 < 

0.004u 

0.004 

0.11 

0. 11 

0.89 

0.45 

0.53 

0.37 

0.04 

0.03 

0.20 

0. 26 

0.07u 

0.07u 

0.007u 

O.OIOu 

8.0 

6.6 

Hylebos Waterwdy 

City Waterwc1y 

Old Town Dock {l) 0.55 0.012 0.28 0.66 0.58 0.03 0.48 0. 14 0.006u 9.8 

Point ~fiance Dock 

Discovery Bc1y 

1411 TESPOTTE.O GRllULI NG (N) 

Hylebos W,Herway (3) 0. 71 0.010 0.49 0.42 0.31 0.17 0.18 0.08u O.OIOu 8.3 

City Wd terway 

Old Town Dock 

Point Oetidnce llock 

lli scovet'y 8ay 



A·,{,•dye Metill <.once11t1·ation~ found in Fish and Crdb Species Sampled 

~ALIIY[ POLLOCK (N) A.-~enic Cadmium Chromi lJll1 

fly lebn, w., ten~ay 

~ l ly W.l ter·wdy (5) 0.77 0.015 0.09 

Uld Town Dud (5) I. 9 0.006 0.08 

h:,int Ot.'1 idnce Vock (5) I. 4 0.004u 0.11 

Dh<.o,ery Bay (5) I. 7 <0.005 0.07 

OllUGffl(SS CRAB (N) 

I 
0\ Hylebos Waterwdy (2) 2.8 0.027 0.19 
I '° 

City Wilterwdy (2) 5.8 0.032 0. 32 

0ld !own Dod 

f'(lint flefi,rn<:e Ood 

lli,covery Boy (2) 1.2 0.021 0.06 

Table B-1. cont. 

in the Co11111encement 

(opper Lead 

0.55 0.54 

0.61 0.34 

0.82 0.61 

0.53 0.35 

12.7 0.82 

15.0 0.69 

4.3 0. 36 

Bay Area and a Reference Stdtion dt Discovery 8c1y u9/9 wet weight 

Mercury Nickel 5eleniuni Silver Zinc 

0.08 o. 30 0.07u O.OIOu 6. l 

0.08 0.27 0.0/u 0.0lOu 5.3 

0.04 0.26 I 0.07u 0.007u 5.1 

0.08 0.21 0.07u 0.0l0u 5.2 

0.08 0. 76 < 0. l l 0.235 49.3 

0.08 0.88 0.26 0.330 49.7 

0.07 1.6 0.07u 0.195 52.6 



- - - - - - - - - -

- - - - - - - -

- - - - - - - - -

- - -

- - - - - - - - -

- - - - - - - - - -

Table il-? conl. Aver·J'le ~1et<1I Conn•ntr,Jtions Identified in fish Muscle Tissue Sampled in the 
Co1111iencemenl (lay Ared clnd il Reference Stdtion at Oiscovery 8ay, ug/g wet weight 

Arsenic (,1dmium Chromium (nnnor !Mid Un-- .. -•• Nickel Selenium SI Iver 7inc 
Mean Meiln Mean tlean Mean Mean Mean Mean Mean i·lean~te: ion Species (N) RanQe Rilnae Ranae Ranae R.ino<> D:.nna Ranni' R_.nnp P,lnno f!:.nno 

(Ji d i O\VO l'<1cif1c St<19horn 0.31 0.012 0.25 0. 72 0. 72 0.03 0.90 0. 12 0.006u l0.0
c~ck Sculpin l 

Buff<1\o Sculpin 0.020.13 0.004 0. 15 0.43 0.58 0.43 0.06u 0.009 11.01 - -

4.6 0.008 0.21 0.40 0.57 0.02 0.38 0.07u 0.008u 6.4Rock Sole 2 l. 5- 1.8 kJ. 006-o. 009 0. 14-0. 28 0.39- 0.41 0.33- 0.81 0.01- 0.03 0.27-o.sn 0 Clhu-0 n!lu 0.006u-O.OII 6.0-6 8 
0.55 0.012 0.28 0.66 0.58 0.03 0.48 0. 14 0.006u 9.8Rockfish l -
3. 1 0.004 0.07 0.52 0.42 0.12 0.40 0.07u O.Olu 6.0Pacific Cod l 

I - - - - - - -....... 
2.9 0.007 0. 14 0.38 0.58 0.03 0.46 0.12 0.006u 5.9f ng 1 i sh So Ie 3 2 .1-3.4 0.006-0.008 0 .13-0. 15 0.15-0.40 0.49-0.69 0.02-0.04 0.44-0.48 0.09-0.15 - 'i 'i-F. l 

1.9 0.006 0.08 0.61 0.34 0.08 O.f 0.07u O.OluWa I I eye Po I lock 5 l. J-3.4 ).004-0.006 0.07- 0 17 0.41-0 Rl iO <l-0 4? 0.04-0 1:> 0.1 -0.37 - - 4.1:to 
0.64 0.006 0.06 0.43 0.35 0.01 0.29 0.07u O.Olu 4. 7 

Paci fie Hake 5 4.0-5.70.50-0.90 0.004-0.016 0.0'i- fl OR 0. 33-0.67 10 'll-0 lQ 0.07-0.13 0. 17-0 40 - . 

City 5.1 0.005u 0.31 0.32 0.32 0.04 0.65 0.07u O.Olu 5.5 
Wdterw<1y English Sole 5 2.8-8.6 - 0.20-0.64 lo ?6-0 ,;n 0.20-0 45 fl 01-fl OQ fl 4A-1 ? - - 4 1-7, 7 

2. l 0.005u 0.27 0.30 0.35 0.04 0.56 0. 30u 0.007u 5.3Starry Flounder· l . 
0. 77 0.015 0.09 0.080.55 0.54 0.30 0.07u O.Olu 6. l Wa lieye Pollock 5 0.43-0.97 0.013-0.016 0.07-0.12 0.44-0. 71 0.42-0.68 0.06-0.09 0.15-0.40 - - 5 1-li 7 

Pacific Cod 2 1.8 o.~14 g.12 0.3~ 0.04 0.26 0.07u O.Olu 5.2
1.8-1.9 0.01 -0.016 o. 7-0.16 0.29- .35 ojl8.42 0.04-0.05 0.25-0.28 - - '5 .0-'i l 

0. 70 0.013 0.19 0.46 0.50 0.03 0.31 < 0.07 0.009u 5.3Paci fie Tomcod 3 0.30-l.3 0.006-0.019 0.12-0.27 0.36-0.54 0.45-0.55 0.02-0.05 0.25-0.41 0.06-0.07u 0.006u-O.Ol 5.0-5.5 

Fldthead Sole I l.O 0.005u 0.47 0.25 0.35 0.04 0.50 0.30u 0.007u 4.3 

0.53 0.012 0.12 0.37 0.53 0.07Pacific H<1ke 5 0.25 0.07u O.Olu 4.8
0. 33-0. 90 0.011-0.<113 0.06-0.23 0.27-0.53 0.36-0.78 0.02-0. l3 0.15-0.30 - - 4 .3-5.3 

http:0.15-0.30
http:0.36-0.78
http:0.27-0.53
http:0.06-0.23
http:0.006u-O.Ol
http:0.25-0.41
http:0.02-0.05
http:0.45-0.55
http:0.36-0.54
http:0.12-0.27
http:0.25-0.28
http:0.04-0.05
http:0.29-.35
http:0.15-0.40
http:0.06-0.09
http:0.42-0.68
http:0.07-0.12
http:0.43-0.97
http:0.20-0.64
http:0.07-0.13
http:0.50-0.90
http:0.09-0.15
http:0.44-0.48
http:0.02-0.04
http:0.49-0.69
http:0.15-0.40
http:0.27-o.sn
http:0.01-0.03
http:0.33-0.81
http:0.39-0.41


Table 8-3. 
Metdl Concentrations Found in Fish Muscle Tissue Sampled at the Hylebos Waterway, ug/g wet weight 

Lab. Ho. Species Sb As 8e Cd Cr Cu Pb Hg N1 Se Ag Tl Zn 
36051 English Sole .2u 7.0 .005u .008 .62 . 31 .36 .03 1.2 .08u .007u .04u 5.6 

36052 English Sole . 2u 3.3 .005u .006 .11 .26 . 21 .03 1.2 .08u .007u .04u 4.8 

36053 English Sole .2u 7.3 .005u .008 . ) 5 .30 .27 .04 1.3 .38 .OO?u .04u 5.0 

36054 English Sole .2u 4 .1 .005u .011 . 17 .26 . 21 .04 1.4 .08u .007u .04u 5.2 

36055 English Sole .2u 3.0 .005u .006 .11 .25 .18 .02 l. 2 .08u .007u .04u 5.0 

44000 Wh1tespotted Greenling .07u .81 .006u .006 .43 .35 .28 .23 .20 .08u .Olu .04u 7.7 

I 
--.J 

44001 Whitespotted Greenling .07u .44 .006u .006 .65 .47 .37 .07 .17 .08u .Olu .04u 9.0 
w 
I 44002 Whtlespotted Greenling .07u .89 .006u .019 .39 .44 .28 .22 .17 . 08u .Otu .04u 8.3 

44003 Pacific Staghorn Sculpin .07u .51 .006u .025 . 34 .54 .70 .04 .10 .08u .Olu .04u 7.0 

44004 Pacific Staghorn Sculpin .07u .59 .006u .020 .30 .44 .22 .02 .17 .08u .Olu .04u 6.3 

44005 Pacific Staghorn Sculpin .07u 1. 1 .006u .017 .33 .6~ .31 .01 .23 .08u .Olu .04u 7.7 



Table 8-3. cont. 
IJetal Concentrations found in fish Muscle Tissue Sampled at the Point Defiance Dock, ug/g wet weight 

lab. No. Spec le:;, Sb A:;, 8e Cd Cr Cu Pb Hg Ni Se Ag Tl Zn 

28000 Rock Sole .07u 2.5 .003 .006 .28 .40 .45 .OS .36 .2S ,006u .05u 8.8 

29000 Rock Sole .07u 11. 9 .003 .006 .24 .47 .45 .03 .60 .18 .006u .05u 8.8 
29001 Rock Sole .07u 34.l .003 .008 .20 .JS .55 .02 .so .29 .006u .OJu 9.8 
29002 English Sole .07u 14.6 .003 .012 .20 .49 . 72 .03 .43 • ) 7 .006u .OJu 7.0 

29003 English Sole .07u 3.2 .003 .004 .22 .42 10.4 .03 .40 . l 7 .006u .03u 7.3 
I 

38027 English Sole .07u 7.9 .003 .004 .41 .27 .67 .02 . 73 .06u .007u .04u 5.3<.n" 
I 

29004 C-0 Sole .07u 37.8 .003 .006 . 18 .44 .65 .02 .50 .06 .006u . 03u 10. 7 

38028 8utta lo Sculpin .07u 3.6 .OOSu .005u .19 .37 .40 .02 1.0 .06u .007u .04u 10. 7 

01000 Walleye Pollock .07u 2.2 .004u .004u . 14 • 71 .53 (lR .:is .07u 00711 n4,. 4 7 

01001 Walleye Pollock .06u l. 4 .004u .004u . ll .85 .61 .02 .40 .07u .007u Q4, 4 7 

01002· Wa 11 eye Po I lock .06u l. 9 .004u .004u .08 .85 .63 .02 .22 .07u .007u .04u 4.7 

01003 Walleye Pollock .06u 1. 3 .004u .004u . ll .85 .63 .02 . 19 .07u .007u .04u 5.3 

01005 W,ll leye Pollock .06u .40 .004u .004u . 12 .85 .63 .08 .22 .07u .007u .04u 6.0 

01004 Pacific Staghorn Sculpin .06u . 87 .004u .004u .12 1.2 .67 .03 . 22 .07u .007u .04u 8.3 

01006 Pacific Staghorn Sculpin .06u .67 .00411 .004u . 12 .66 .42 .03 . 12 .07u .007u .04u 8. 7 

01007 Pacific Staghorn Sculpin .06u .60 .004u .004u .OB .80 .49 .07 .25 .07u .007u .04u 7.0 



Table 8-3. cont. 
Hetal Concentrations Found in fish Huscle Tissue Sampled at Discovery Say, ug/g wet weight 

-- --
lab. No. Species Sb As Be Cd Cr Cu Pb Hg Ni Se Ag Tl Zn 

40000 Starry flounder .07u .70 .005u .013 .48 .35 .61 .05 .18 .17 .007u .04u 4.7 

48005 flathead Sole .07u 5.3 .005u .004u .07 .28 .31 .04 .20 .07u .Olu .04u 4.0 

48014 Pacific Staghorn Sculpin .07u 2.8 .005u .004 . 12 .52 . 27 .02 .30 .07u .Olu .04u 6. 7 

48015 Pacific Sloghorn Sculpin .07u l. 7 .005u .006 .12 .44 .45 .04 .30 ,07u .Olu .04u 6.7 

48016 Paci f1c Staghorn Sculpin .07u I. 7 .005u .004u .09 .33 .42 • 04 .23 .07u .Olu .04u 5.0 

48011 Pacific Staghorn Sculpin .07u 3. 1 .005u .004u .14 .48 .39 .04 .36 .07u .Olu .04u 7.3 

I 

" 
48018 Pacific Sta9horn Sculpin .0lu .9 .005u .004 .09 .48 .31 .02 .)3 .07u .Olu .04u 7.3 

" I 48019 Pacific T~cod .07u 3.4 .005u .006 .08 .40 .42 .04 .13 .07u .Olu .04u 5.0 

48000 £091 ish Sole .07u 2.3 .005u .006 .07 .40 .49 .04 .20 .07u .Olu. .04u 5.3 

48001 Enq Ii ~h So le .07u 2.1 .005u .006 .05 .44 .61 .05 .26 .07u .0 lu .04u 7.0 

48002 English Sole .07u 4.1 .005u .004u .05 .40 .46 .02 .33 .07u .Olu .04u 4.3 

48003 English Sole .07u 3.6 .005u .008 .07 .44 . 31 .05 .17 .07u .Olu .04u 4.7 

48004 English Sole .07u 4.0 .005u .004u .07 .40 .45 .04 .17 .07u .Olu .04u 4.7 

48007 \la 11 eye Po I lock .07u .9 .005u .004u .12 .93 .31 ,03 .26 .07u .Olu .04u 4.7 

48008 1/d I leye Po lloclc .07u 1.3 .005u .006 .05 .33 . 31 .09 .17 .0/u .Olu .04u 4.7 

48010 Ila 11 eye Po 11 oclc .07u .9 .005u .004 .05 .48 .39 .11 . 17 .07u .Olu .04u 4.7 

48012 llal leye Pol lock .07u 4 .1 .005u .004u .07 .59 .33 .08 .23 .0lu .Olu .04u 6.l 

48013 Walleye Pollock .07u I. 5 .005u .006 .07 .33 .42 .08 .23 .07u .Olu .04u s.o 

-
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APPENDIX C. 

Comparison of Organic Compounds Among Fish Species and Sampling Sites 

"m11NOTE: indicates that a concentration falls between the detection 
level and the quantitation level for that compound 

11 <" denotes that quantifiable concentrations have been averaged 
together with "m" concentrations 

For more information concerning detection limits see Appendix F 
page 115. 



Table C-1. The Average Concentrations of Priority Pollutant Organics Identified in Fish Muscle Tissues 
Sampled at Four Conmenceinent Bay Sites and a Reference Statton at Discovery Bay

* • ug/kg wet weight ** • ug/g wet weight 

Point Defiance Dock City Waterway Old Town Dock Hylebos Waterway Discovery Bay 

Coiopound Hd/Ha I 8 M 0 Nd/Na X 8 M 0 Nd/Na x B H 0 Nd/Na x 8 H 0 Nd/Na x 8 H 0 

hexdchlorobenzene • 4/9 .C48.25 3 l 0 

isophorone • l/12 920m 0 1 0 

naphthalene* 1/ 11 510 1 0 0 

n-nltrosodtphenylamine • 1/ 12 64 0 0 l 
I 
~ 
CX) 

bls(2-ethylhexyl) phthalat~ 6/10 281 5 l 0 6/11 111.67 6 0 0 7/12 122.14 l 2 4 6/9 62.67 2 4 0 2/5 125 2 0 0 
I 

2/9 54.5 0 2 0butylbenzyl phthalate • 2/10 385 l 1 0 

dl-n-butyl phthalate * 
2/10 595 1 1 0 5/ll 598 5 0 0 5/12 342.4 l 0 4 6/9 266.7 3 3 0 2/5 120 2 0 0 

diethyl phthalate * 67.9 4 3 3 7/9 35.29 5 2 0 2/5 2 0 06/10 87.5 5 0 l 8/11 '33.38 7 0 l 10/12 • 54 

dimethyl phthalate * 1/5 8 l 0 0 

phenol * 2/10 141.5 0 0 2 3/11 22.67 0 0 3 

l.l,l-tr1chloroethane ** 2/16 0.04 0 l l 

** 
1, 2- trans-dlch lo roe thy leue 2/22 O.Olra 0 0 2 

ethyl benzene .. 1/22 0.0111 0 0 l l/19 O.Olm l 0 0 

niethylene chloride"* 8/16 0.48 0 3 5 2/22 0.18 0 0 2 3/19 0.53 0 0 3 1/18 0.1 0 0 l 

tetrachloroethylene ** 7/11 "0.033 4 3 0 

toluene** 1/16 0.03 0 0 l 1/18 O.Olm l 0 0 
' 

trtchloroethylene ** 6/ll < 0.043 4 2 0 

(Nd/Nd) 2 No. Fish with Detectible Values over Ho. Fish Analyzed (8)aBottom Fishes (M)=Hixed Fishes (O)~Off-Bottom Fishes 
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(11" C-0 Sole, (2)- Cnglish Sole, (4)" Rock Sole, (6)= Uufhlo Sculpin, (7)= Pacific Staghorn Sculp1n, (13)• Walleye Pollock 
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(•)• Ba.<> Neutrsl or A ·id Ext ·actibl~ Comp< md [xp essed in ug/l ~i;e:.;:l:.:;&:.:;h:.:t-l---J---~---+----J----l---lf---t---+---+--
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Tdble D-l. Collection dflll 8iological Odtd for Fish c1nd Crc1b Speci~1ens Taken in Co11vnencement dnd Discovery Bays. 
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280,)(J Point De, 1,rnce 

[Jock 
7/15/81 1135 Hook 
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~§l_i_ll~pse_H~ bi l ineata-------
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fin eroded. 
of CdUdi!l 

2800! Uld To1m Dock 7/lb/81 1840 Hook 
Line 
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SebdS tes 
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'.ij)...!... 
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Table 0-1.cont. Collection and (Jfolo9icdl Oatd for fish and Cr<1b Specimens T<1ken in Coaunencement .ind Discovery Bays. 
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9/23/81 

9/2.l/81 

1100 

llOO 

lrdwl 

Tr,iwl 

Dungene~s Cr<1b 

l:.ngl1sh Sole 

11 

M 

178 

263 

778.50 

148. 70 

-

36. 4 3 

-

?.60 

-

6 

Appedrance 900d. Smt1 l l "scor" 
left posterior portion of 
cardpace. 

ll ver ddrk pink/purple. 

on 

380?2 

JB023 

[ i l y lld te,way 
( Totem f-ldri 11<1) 

City 1,1,Herwdy 
(lut1.:u111dt"1nd) 

9/2)/81 

9/23/81 

1130 

1130 

Trdwl 

Tr,n,J 

Std1·ry Flounder 
P.!atic_hthyc. stell.i tus 

f119l i'>h Sole 

M 

'1 

271 

?61 

lB4. 46 

159.90 

53. 8 

51.96 

2.96 

3.82 

5 

3 

Apparent hefi~rrdhaging dlong 
Jorsal ,ventr<1l dnd cauddl t In:; 
liver yellowish/rust with /l'Jrp le
vpin< 

liver cre<.1111/pink. 

Ji!Oc4 C1 ty Ha ten-id y 
( l(,li'lll Mui rid) 

9/?3/81 1130 Trt1wl f.nglish Sole 11 281 160.23 47.41 ? .10 J !l loodwonns embedded on bl ind 
sides. liver credrn/pink. 

38Ul~ (tty \1Jtcr~1dy 
( lotem f·ldrl!!d) 

9/?3/81 1no Trawl lnglish S<,le M 289 178.27 48.00 2.98 5 Ill ind Side •iith red ( raw) 
tinge.Liver yel lm·i/l>rm•111. 

.i30?6 

)80?/ 

31l0;>8 

City Hiltt>rwdy 
( fo ti;;m l·IM l lld) 

;•u1ot Oefidnce 
Duck 

f'o int llcfiJnce 
l>Jtk 

9/23/~l 

'l/23/8) 

')f<''j/81 

ti 30 

1,100 

1400 

Tr<1w I 

Trc1wl 

Trd1~l 

i" l<1thedd Sole 
11 PP.?-5;1 !_o~ ~o !._d~~ 
?l dS'iOdOll 
l ngi f, ii- \o Ie 

Bu ff a lo Seu lpin 

f 

f 

f 

?40 

2/6 

2IO 

l,'5 .80 

160.90 

2]5,87 

16.09 

47. 43 

34.76 

2.83 

3.08 

H.93 

3 

6 

] 

BlrnJ side with rdw-locUnq 
~ink/red sµlotrnes. Liver 

i gh t c rea111 !H"own. 

Some erosion of d,JfS.i l dllll 
ventrdl fin membranes live,· 
brownish pt.qilti. 

liver yellow/or·Jnqe 

10001) 

,!-IWlO 

Oi ~u,vcry ll,ly 

ii; 1,-t,os l/.1 te ,w,1y 

1fJ/6/81 

l l/~/81 

1101) 

1non-
!JOO 

Trd1, I 

11001: I 

t 1nc 

'ilon-y Flou11der 

:Jh1 t,~,pott.cJ f,reenl i 11,; 
ift'Xuqrd11u110~ s te_l 1t· n_ 

f 

r 

4/1 

331 

1455.0 

SO!. 36 

396.03 

14/. ?I 

28.48 

'27.42 

11 

3 

Several sn1t1ll ie!>lOr.S J~~e-Hln•J 
r·ed on blind ,ide pus,1 y 
ds,ociJted with cofepud
flara,; t,,, t ivl'r· inht ·,t>I kw. 
)tll1IIJCl1 fjtl I ot (nnn-p ~'J(LS
dnJ one s 1r1mp. uer p 11 
brown with ~urtdce white spl0tch 
-es 



Tdble D-1. cont. Colle(tion dntl Biological Ddtd for Fish an,1 Crab Specimens Tdken in Con11iencement dnd Discovery Bays. 
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Table 0-1. cont. Collection .1nd 8iological Odtd for Fish <1nd Crdb Specimens Tdken in Cori.nencement and Discovery B.iys. 
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.;3013 

~301 ·1 

01 ,cov,:,·y Bdy 

IJiscovery lldy 

12/1/81 

12/l/81 

1000-
1230 

1000-
12)0 

Trdwl 

Trawl 

lfo 11 eye Pollock 

P<1c if ic StdghDrn 
S~ulpin 

F 

M 

437 

2U5 

677. 28 

390.45 

180. 64 

73.BJ 

~0.3/ 

8.6) 

4 

3 

Liver light pink/beige with 
coiled (worm-1 ike) cysts on 
surface. 
Liver pi11k/bei9e. 

~8015 Di ,cnve.-y Bdy l?/1/81 1000 · 
1230 

Tr.1w I Pdcific 
Sc:ulpin 

Stdghorn F 2b0 233.4~ 38. 11 4. 33 3 Liver 
edyes. 

pink/beige with scar let 

-~'.i016 lJiscov~ry 8,iy l?/1/81 1000-
1230 

Tr.iwl Pdcific 
Sculpin 

Sta')horn M 301 446. 16 66.48 8. 38 2 liver 
edge~ 

pink/beiqe with 
and tint. 

SCdr let 

~30t 7 li1 scovery fl.iy 12/1 /81 1000-
12]0 

Trdwl P<1c ific 
Scul;.iin 

Stdghorn I 313 413. l 7 63. ?9 6.98 4 Liver brown/pink. 

-1'.l0Ja [Ji \COVPI y e,iy 12/1/8! !000-
12)0 

ir,iwl P,1cil1c 
S.:.ulpin 

Stu,JhOrn t ??4 1',0.82 2g.bO 3. !>I ~. liver pi nk/br-own . 

-l'.'lllL1 01 scove, y Ody l ~? / i / 8 l 1000-
I 2 30 

Tr-d1·1l i'dC if ic fo1•1cod - 200 72.71 19 .18 2. 14 3 liver l i~ht qr,1y/pink. 

.; ')d]~ 

~ 90/t, 

-l':HJ?l 
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llld 

1ihl 

lowr. Oock 

ro~;n Oocl. 
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ll/10/81 

;'(Jj()-
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Hook 
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M 
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3b4 

)~8 
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407.9) 

20U. 37 

104. 72 
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55. I 7 

18. 3!> 

17.67 

1). 27 

) 

2 

I 
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splott:he~. A few wurm-1 i~e 
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cvsts on ,w·tc1ce. 
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Tobie 0-1.cont. Collection dnJ 3iolqicdl Odta for ~lsh dnd Crdb Specimens T.:iken in Con,nt>ncement dnd D1si:overy 3ays, 
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ANALYTICAL METHODS 

Organic Analysis 

Tissue Extraction Procedure 

Approximately 30 g of fish muscle tissue was placed in a 100-ml 
fluted Virtis extraction flask with acid/neutral (A/N} and pesticide 
surrogate spikes and 100 ml of methylene chloride/methanol (2:1)
solution. The tissue was ground for 1 minute with a Brinkman 
Polytron homogenizer. After filtering through a Whatman #1 filter 
using a Buchner funnel pre-rinsed with methylene chloride 
(CH2Cl2), the tissue was returned to the Virtis flask and the 
procedure was repeated twice. The residue was discarded after the 
final filtration. 

The filtrate was filtered again by gravity through another Whatman #1 
filter into a Kuderna-Danish (KD) concentrator, the solvent volume 
was reduced on a steam bath using a Snyder column to approximateiy 10 
ml or until foaming occurred and persisted. The organic concentrate 
was transferred to a 1-L separatory funnel containing 500 ml of 2% 
Na2S04 solution, whose pH was adjusted to 2. After the contents 
were shaken for l minute, the CH2Cl2 layer was allowed to 
separate and then drained into a second 500-ml separatory funnel. 
The extraction of the aqueous portion in the large separatory funnel 
was repeated twice, with two 50-ml portions of CH2Cl2, and the 
organic extracts combined in the 500-ml separatory funnel. The 
organic phase was washed twice with 25-ml portions of 2% Na2S04 
solution, pH adjusted to 2. Centrifugation was used, when necessary, 
to remove any emulsion. The aqueous portion was discarded. 

The CH2Cl2 fraction was tranferred to a KO.flask fitted with a 
Synder column, and the volume reduced to approximately 5 ml. The 
samples that were extracted prior to 3 December 1981 were evaporated 
to 4.0 ml with a nitrogen (N2) evaporator and divided in half for 
A/N and pesticide analysis. Samples extracted after 3 December 1981 
were reduced to 5.0 ml; 4.0-ml and 1.0-ml portions were taken for A/N
and pesticide analysis, respectively. 

Pesticide Extraction Procedure 

Approximately 5 ml of hexane was added to the ampule containing the 
pesticide fraction. The ampule was then fitted with a micro-Snyder 
column and refluxed on a steam bath to remove the CH2Cl2. A 
Florisil column was prepared, rinsed with petroleum ether, and the 
hexane extract was transferred to the top of it. Two hundred 
milliliters of pentane was passed through the column and collected. 
This fraction was used for the analysis of polychlorinated butadienes 
(PCBD 1 s} and PC8 1 s. Next, 200 ml each of the 6%, 15%, and 50% 
diethyl ether/pentane mixtures were passed through the column, 
collected and combined. The ether/pentane solvent was replaced by 
iso-octane by use of a Nz evaporator, and the volume was reduced to 
2.0 ml before injection. 
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Gas Chromatography /Mass Spec trornetry Anal ysi s---Vo 1 atil e Qrgani c 
Ana 1 ys 1 s (VOA) 

Every sample \.Jas analyzed for VOA compounas. Approxir,1ately 1 g of 
finely sliced tissue was placed in a 4U-mL screw cap vial ana held at 
-12"C until ready for analysis. Just prior co purgir.g, 10 ml ot 
organic-free water containing the internal standards was addea to the 
vial containing the thawed sample. The vial was connecteu to a 
Tekmar purge and trap instrument, heated in a 60"C ~,ater bath and 
sparged onto a trap containing 2/3 Tenax ana 1/3 silicd gel. Tne 
volatile compounds were desorbed at 180gC onto a 0.2% CW1500 
stainless steel colur,in (80-100 mesh, Carbopacl< C) hela at 30"C. 
After desorption, the GC oven temperature was raised to 60"C ana hela 
for 2 minutes, and then programea at OUC/~1inute to 1au·c ana held for 
19 minutes. The GC/MS used was a Finnigan 31000 witll a Hiber SADR 
data system. 
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QUALITY ASSURANCE 

The purpose of quality assurance in a laboratory is to ensure the 
reliability and validity of data generated and help maintain control of 
the quality of data. Through the use of quality control (QC} samples and 
procedures, a more definite evaluation of the precision and accuracy of a 
detennination can be obtained. The variations in data can then be 
attributed to real differences among samples, and trends in the data can 
be identified better. 

Organic Parameters 

Quality assurance (QA) for the tissue samples was measured through the 
use of surrogate spiking compounds in both tissue and quality control 
(QC) samples. QC samples comprised 28t of all samples analyzed. Table 
F-1 sulTITlarizes the QC work. 

Table F-1 Quality Control Sameles Anallzed 

Tissue Samples 
Fraction Ana\~zed Blanks Duel icates Seikes 

Base-Neutral/ 
Acid 49 5 6 

VOA 92 27 6 

Pesticide/ 
CB/PCBD 83 5 8 

Acid/Neutral Fraction 

The compounds used for surrogate spikes for the A/N fraction were 
decafluorobiphenyl, 2-fluorophenol, and pentafluorophenol. The average 
recovery (x +S) for the surrogate spikes for 63 samples was 1oi + 24t, 
37t.:!:,23t, and 3'.t.:!:,30'.t, respectively. -

3 

6 

The average recovery for spiked acid and neutral compounds from three 
spiked samples, a total of 50 values, was 57t + 44'.t. Oi-n-butylphthalate 
and bis (2-ethyl-hexyl) phthalate were present-in all samples and blanks 
at low levels. All data were reported uncorrected. In the six duplicate 
samples for the A/N fraction, only one sample had any target compounds 
that were detected. Six compounds were detected in sample 36050, but 
their concentrations were below the limit of quantitation. Only one of 
the six compounds was detected in the duplicate. 
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DETECTION LIMITS 

The limit of detection of a compound is defined as an analyte signal 3 
standard deviations above the peak to peak noise level of the instrument 
in the region of the expected analyte peak. Any signal not exceeding 
this minimum response would be judged as not indicating the presence of 
the analyte. The limit of quantitation is defined as the analyte signal 
that is 10 standard deviations above the noise level of the instrument. 
Between these two 1 imi ts is a region of detection in which a compound can 
be identified, but whose concentration is too low to allow an accurate 
estimate of its value (1). 

The symbol 11 u11 is used when the value preceding it is the quantitation 
limit for the particular substance. It means that the concentration, if 
any, falls below the detection limit. The symbol "m" indicates that the 
concentration of the substance falls between its detection limit and its 
quantitation limit. The symbol 11 < 11 is used in tables and bar graphs 
throughout the appendices, and is an artifact of averaging. When 
quantifiable values are averaged together with indeterminate "u" or "m" 
values the quotient is preceded by the 11 < 11 symbol. 

The quantitation limits of all the target compounds and metals are listed 
in Table F-3 and F-4. The quantitation limits of the VOA compounds are 
generally lower than the A/N compounds because the purge and trap 
procedure eliminates many matrix problems. 
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Table F-3 cont. 
lJdert ion limit, of Orgdnic Comp,11111os A11c1 ly1ed in 

Con111encement Ody 1 issue • 

VO!, C_'.\111;,cur.ds / p;;ltl 
Cl1loroeLn~n~ -
Cnlornform 
1, J-Oichlorcetl,ylerie 
l ,2- trM,'.,•01cr,loroethyle1:e 
: ,:'-Oichlo,·0;;1·op,rne 
cis-1,3-0ichloropropene 
tran~-l.l-01chloroprcptne 
l tlly I L>enzt'r,t> 
I-'.£· thyle11e (h lor i (Je 
~it:thyl Chlonot: 

10. 
JO. 
JO. 
10. 
JO. 
10. 
!O. 
JO. 
10. 
10. 

~~thyl Bromide 10. 
lll'OIIK) for:A 10. 
llromodi ch iome thdne JO. 
[rid.lorofluoromt:thdne iO. 
0 i l> romoc h lo ro11n: t h<llle 10 . 
11:trdchlornett:ylt>ne 10. 
1oluer.e JO. 
Trichloroethyll!ne :o. 
Vinyl Clilorid,~ 10. 
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