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Note 

This is the third printing (September 1993) of the National Study of Chemical Residues in Fish.
All revisions listed on the errata sheet from the first printing have been incorporated into the 
text of Volumes I and II where appropriate. 
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Executive Summary 

This study, previously referred to as the National Bioaccumulation Study, or NBS, is a 
one-time screening investigation to determine the prevalence of selected bioaccumuJative pollutants 
in fish and to identify correlations with sources of these pollutants. In addition. estimates were 
made of human health risks for those pollutants studied for which cancer potency factors and/or 
reference doses have been established. Human health risks were not estimated for dioxins and furans 
since the potency of these pollutants is the subject of an EPA review. 

The study began in 1 986 as an outgrowth of the U.S.  Environmental Protection Agency' s  
(EPA's) National Dioxin Study, a nationwide investigation o f  2,3,7,8 tetrachlorodibenzo-p-dioxin 
(2,3 ,7,8 TCDD) contamination of soil, water, sediment. air, and fish. Some of the highest
concentrations of 2,3,7,8 TCDD in the National Dioxin Study were detected in fish. EPA's concern 
that there may be other toxic pollutants bioaccumulating in fish was the primary reason for initiating 
the National Study of Chemical Residues in Fish . Additionally, this study is considered to be part 
of a response to a petition from the Environmental Defense Fund and the National Wildlife 
Federation in which EPA committed to conducting an aquatic monitoring survey of the occurrence 
of chlorinated dibenzodioxins and chlorinated dibenzofurans. Aquatic biota are being used fre
quently to detennine whether substances are bioaccumulating, to detect acutely toxic conditions, 
and to detect stresses such as sublethal toxicity, particularly due to interactions among chemicais. 

STUDY DESIGN AND APPROACH 

The study design and approach for the National Study of Chemical Residues in Fish 
(NSCRF) focused on pollutant selection, field sampling procedures, analytical protocols (including 
Quality Assurance/Quality Control). and site selection. Chemicals were selected for analysis based 
on the potential of the compound to bioaccumulate in fish, the potential for human health effects, 
the persistence of the chemical in the environment, and the ability to detect the compound in fish 
tissue. An initial list of 403 pollutants was screened, resulting in a final list of 60 compounds for 
analysis. These compounds included 1 5  dioxins and furans, 1 0  polychlorinated biphenyls (PCBs), 
2 1  pesticides/herbicides, mercury, biphenyl ,  and 1 2  other organic compounds. 

Field sampling protocols called for the collection of three to five adult fish of the same 
species and of similar size at each site. Information about the samples was recorded, including the 
number of samples per composite and sampling date. Age and sex of the fish were not detennined. 
Weight of the sample used for analysis and percent lipid were determined in the laboratory. Lengths 
and weights of the individual fish were not usually available. Sampling was not conducted during 
spawning or seasonal migration runs. 

At most locations, both a composite sample of a bottom-feeding fish species and a composite 
sample of a game fish species were collected. Although 1 19 species were collected, most of the 
fish samples belonged to 14 different species; carp were the most frequently collected bottom feeder 
and largemouth bass were the most frequently collected game fish (Table 1 ). In a few cases, shellfish 
were collected instead of fish. 
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TABLE 1 
Most Frequently Collected Fish Species 

Number or Sites 

Species 

Bottom Feeder Species 

Where Collected 

Carp 
White Sucker 
Channel Catfish 
Redhorse Sucker 
Spotted Sucker 

Game Species 

Largemouth Bass 
Smallmouth Bass 
Walleye 
Brown Trout 
White Bass 
N orthem Pike 
Flathead Catfish 
White Crappie 
Bluefish 

1 35 
32  
30 
16  
10  

26 
22 
1 0  
1 0  

8 
8 
7 
5 

.rvi 



Fish samples were analyzed at EPA· s Environmental Research Laboratory (ERL) in Duluth. 
Minnesota. ln general, the bottom feeders were analyzed as whole-body samples to determine the 
occurrence of the study chemicals and the game fish were analyzed as fillets to indicate the potential 
for risks to human health from fish consumption. Selected bottom feeders of the type often used 
for human consumption were analyzed as fillets at a small number of sites and used to evaluate 
human health risks. To analyze fish for the 15  dioxins and furans. ERL-Duluth refined and expanded 
the method for dioxin (i.e., 2,3,7,8 TCDD) analysis developed as part of EPA's  National Dioxin 
Study. For 44 of the remaining 45 compounds, ERL-Duluth developed an analytical method 
specifically for this study. The remaining study compound, mercury, was analyzed using EPA's 
standard analytical techniques. 

Sites were selected for the study by EPA Regional and State staff. Sites consisted of 3 14 
locations thought to be influenced by a variety of point and non point sources (ref erred to as targeted 
sites), 39 locations from the USGS National Stream Quality Accounting Network (NASQAN), and 
35 sites representative of background levels (Figure 1 ). Targeted sites included locations near pulp 
and paper mills, refineries using the catalytic reforming process, Superfund sites, former wood 
preserving operations, other industrial sites, publicly owned treatment works (POTWs) , and 
agricultural and urban areas. Because the study was initiated as a follow-up to the National Dioxin 
Study, many of the targeted sites selected were those thought to be producers of dioxins (e.g. ,  pulp 
and paper mills using chlorine for bleaching}. 

RESULTS 

Prevalence and Concentration 

Many of the investigated pollutants were frequently detected in the fish samples from the 
targeted sites. Seven of the 15 dioxin/furan compounds and 15  of the other 45 compounds were 
detected at over 50 percent of the sites (Tables 2 and 3). The two most frequently detected dioxin 
and furan compounds were both found at 89 percent of the sites; these compounds are 1 ,2,3,4,6. 7 ,8 
heptachlorodibenzodioxin (HpCDD) and 2,3,7,8 tetrachlorodibenzofuran (TCDF). These com
pounds were also detected at the highest concentrations; HpCDD at 249 picograrns per gram (pg/g)
or 249 parts per trillion by wet weight (ppt) and TCDF at 404 parts per trillion (ppt). The average 
concentrations of these two compounds were substantially lower at 10.5 and 1 3. 6  ppt, respectively. 
The dioxin compound considered to be the most toxic, 2,3, 7 ,8 tetrachlorodibenzo-p-dioxin (TCDD). 
was found at 70 percent of the sites at a maximum concentration of 204 ppt and an average
concentration of 6.89 ppt. Only two of the 1 5  dioxin/furan compounds analyzed were detected at 
fewer than 20 percent of the sites . 

Toxicity equivalent concentrations (TECs) of dioxins/furans were calculated to facilitate 
comparison of fish tissue contamination among sites. TEC represents a toxicity weighted total 
concentration of all individual congeners using 2,3,7 ,8, TCDD as the reference compound. EPA· s 
interim method was used to determine TEC (Barnes, et. al., 1989). This is referred to in the report 
as the Toxicity Equivalency Concentration (TEC) value, sometimes called TEQ (toxicity
equivalents) .  

xvii 
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Figure 1 .  Location of bioaccumulation study sampling sites. 
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TABLE 2 
Summary of Prevalence and Concentration 

for Dioxins and Furans 

Concentradoa 
Percent of PIii or ppt by wet wel1bt 

Chemical Site• Detected Mas. Mun Median 

D lol.ln1 
1 ,2,3 ,4,6,7 ,8 HpCDD 89 249 10. 5  2.83 
2,3,7,8 TCDD 70 204 6.89 1 .38 
1 ,2,3 ,6,7,8 HxCDD 69 10 1  4 .30 1 . 32 
1 ,2,3 ,7,8 PeCDD 54.0 2.38 0.93 
1 ,2,3,7,8,9 HxCDD 24.8 1 . 1 6 0.69 
1 ,2,3,4,7,8 HxCDD 37.6 1 .67 1 .24 

Furans 
2,3,7,8 TCDF 89 404 1 3 .6 
2,3,4,7,8 PeCDF 64 56.4 3.06 0. 15 
1 ,2,3 ,4,6,7 ,8 HpCDF 54 58.3 1 .9 1  0.72 
1 ,2,3,7,8 PeCDF 47 1 20.0 1 .7 l 0 .45 
1 ,2,3,4,7,8 HxCDF 42 45.3  2 .35 1 .42 
2,3,4,6,7 ,8 HxCDF 32 1 9. 3  1 .24 0.98 
1 ,2,3,6,7 ,8 HxCDF 2 1  30.9 l .74 1 .42 
1 ,2 ,3 ,4,7 ,8,9 HpCDF 4 2 .57 1 .24 1 . 30 
1 ,2,3,7,8,9 HxCDF 1 0.96 1 .22 1 . 38 
TEC• NIA 2 1 3  l l . l  2.80 

• TEC represents the swn of toxicity-weighted concentrations of all dioxins and furans relative to 2,3,7,8 TCDD. 
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TABLE 3 
Summary of Prevalence and Concentration 
for 45• Other Bioaccumulative Compounds 

Concentradon 
Percent of nwg or ppb by wet weight 

Chem lea) Sites Detected :\-(n. Mean Median 

DDE 1 4000 295 58.e3 
Mercw-y 92 1 800 260 1 70 
B iphenyl 94 1 3 1  2 .7 0.64 
Total PCBs 9 1  1 24000 1 890 209 
Nonachlor, trans 77 477 3 1 .2 9 .22 

0.92 
Chlordane, cis 64 378 2 1 .0 
Pentach!oroanisole 64 647 10 .8  
Ch lordane, trans 6 1  
D 1eldrin 60 

3 1 0  1 6. 7  2 .68 
28. I 4 . 1 6 

Alpha-BHC 
1 ,2 ,4 Trichlorobenzene 

44.4 2 . 4 1  0 .72 
265 3. J O  0.e1 4 

Hexachlorobenzene 46 9 1 3  5 . 80 ND 
Gamma-BHC 42 83 . 3  2 .70 ND 
1 ,2,3 Trichlorobenzene 43 69.0 1 . 27 ND 
Mirex 38 225 3 .86 ND 
N onachlor, c1s 35  1 27 
Oxychlordane 27  243 

8. 77 ND 
ND 

Chlorpyrifos 26 344 4.09 ND 
Pentachlorobenzene 22 1 25 I .  1 8  ND 
Heptachlor Epoxide 1 6  63 . 2  2 .  1 9  ND 
Dicofol 1 6  74. 3 0 .98 ND 

ND1 ,2,3,4 Tetrachlorobenzene 1 3  76.7 
T rifl uralin 1 2  458 5 .98 ND 
1 ,3 ,5 Trichlorobenzene 1 1  1 4 . 9  0 .  1 2  ND 
Endrin 1 1  1 62 1 .69 ND 
1 ,2,3 ,5 TECB 9 28. 3 0.34 ND 
0 ct achlorostyrene 9 1 3 8  1 . 7 1  ND 
1 ,2 ,4,5 TECB 9 28.3 0.33 ND 
Methox-ychlor 7 393 1 . 32 ND 
lsopropahn 4 37 .5  0.46 ND 
Nitrofen 3 1 7. 9  0. 1 7  ND 
H exachlorobutadiene 3 164 ND 
Heptachlor 2 76.2  0.35 
Perthane l 5. .1 2  0.03 

ND 
ND 

Pentachloronitrobenzene 1 5 .5 0 .09 ND 
Diphen}·l Disulfide 3 .24 0.02 ND 

• The number of compounds shown here is 36; the difference is the result of grouping 3 individual PCB compounds 
with I to I O  chlorines. Five of the PCBs were found at concentrations above 50 percent; the remainder were found 
between 3 and 3 5 percent 
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In general, the maximum and average concentrations for the other 45 compounds are 1 ,000 
to 10.000 times greater than those for dioxins and furans (Table 3). Of these 45 compounds, the 
most frequently detected pollutant was ODE, found at over 98 percent of all sites sampled. This 
compound is a metabolic breakdown product of DDT, which was a widely used pesticide and is 
extremely persistent in the environment. Other compounds detected at more than 90 percent of the 
sites were mercury, total PCBs, and biphenyl. The high prevalence of mercury results partly from 
its many industrial uses including use in batteries, vapor lamps, and thennostats; as a fungicide in 
some exterior water-based paints; and as a cathode in the electrolytic production of chlorine and 
caustics. Mercury also occurs in the natural environment in both inorganic and organic compounds 
and is discharged to the atmosphere from natural processes (e.g., degassing of volcanos) and from 
the burning of fossil fuels. As with DDT, PCBs are very persistent in the environment and, until 
1 977 when they were essentially banned, were widely used as dielectric fluids in transfonners and 
capacitors. Total PCBs in this study refers to the sum of the concentrations of compounds with 1 
to 1 0  chlorines. Concentrations of specific Aroclors or mono-ortho substituted compounds were 
not determined in this study. The high number of low-concentration biphenyl samples (88 percent 
below 2.5 ppb) most likely results from degradation of PCBs. The high-concentration samples 
appear to be associated with various industrial uses such as heat transfer fluid, dye carriers, and 
hydraulic fluid. 

PCBs were detected at the highest concentration, with a maximum value of 1 24,000 
nanograms per gram (ng/g) or 1 24,000 parts per billion by wet weight (ppb), and an average 
concentration of 1 ,890 ppb. The next highest compound was DDE, with a maximum and average 
concentration of 14,000 ppb and 295 ppb, respectively. All of the remaining 34 compounds were 
found at much lower concentrations than DDE. 

Prevalence was compared with the most recent ( 1984) results from the National Contaminant 
Biomonitoring Program (NCBP), which was fonnerly part of the National Pesticide Monitoring 
Program. The NCBP was initiated in l 964 to detennine how organochlorine compound levels vary 
over geographic regions and change over time. In this program, fish were sampled at 1 12 sites 
throughout the United States and these samples were analyzed for 1 9  organochlorine chemicals and 
7 metals. The NSCRF analyzed 15 of these 19 organochlorine compounds and mercury. ln the 
NSCRF, 1 1  compounds were found at greater than 50 percent of the sites. Eight of these were also 
analyzed in the NCBP, and seven compounds were found at greater than 50 percent of the sites. 
The results from these lwo studies track closely for the common pollutants analyzed. 

Source Correlation Analysis 

Concentration comparisons between selected source categories were made using various 
statistical tools including a box and whisker plot. The categories used were background sites, sites 
selected from the USGS NASQAN network, sites near Superfund locationse, sites near pulp and 
paper mills that use chlorine for bleaching, sites near other types of pulp and paper mills, sites near 
fonner or existing wood preserving plants, sites near industrial or urban areas, sites near industrial 
areas that include refineries with catalytic refonning operations, sites that could be influenced by 
runoff from agricultural areas, and sites near POTWs. These categories were selected based on 
probable sources of pollutants. Background sites were selected to provide a comparison with areas 
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relatively free of point and nonpoint source pollution. Sites where multiple source categories could 
have affected fish contamination levels were not used for the box plots or other statistical tests. For 
example, sites in the chlorine paper mill category that were also near Superfund sites, other paper 
mills, or reefineries were not used for the dioxin/f uran box plots. 

Pulp and paper mills using chlorine to bleach pulp appeared to be the dominant source of 
2,3,7,8 TCDD and 2,3 ,7,8 TCDF. Statistical comparison, using Kruskal-Wallis tests and Mann
Whitney U tests show that sites near pulp and paper mills using chlorine have significantly higher 
concentrations of 2 ,3,7 ,8 TCDD than all other source categories. These statistical tests also show 
the same results for 2,3,7,8 TCDF with the exception that fish contamination levels near sites in the 
Superfund category marginally met the statistical test criteria for being similar. Analysis of the five 
sites with the highest 2,3,7,8 TCDD and 2,3,7,8 TCDF concentrations also show that pulp and paper 
mills using chlorine are dominant sources of these compounds at four of these sites. 

Statistical correlation analyses were less definitive for the other dioxins/furans in that results 
showed no dominant source for any of these chemicals (i .e . ,  a source from which fish contamination 
levels were significantly higher than all other sources). A review of dioxin/furan data limited to 
median concentrations alone shows that Superfund sites are highest for penta-furans, paper mills 
using chlorine are highest for penta- and hexa-dioxins, and refinery/other industry sites are highest
for hexa-furans. 

Results for the other 45 chemicals studied also showed no single dominant source for any 
of these chemicals. Although these compounds showed no dominant source, a number of observa
tions can be made from review of the data. Two such examples involve pesticides and PCBs. A 
comparison of 15  agricultural and 20 background sites for 1 0  of the pesticides evaluated showed 
no significant differences between these categories. This same comparison for four other pesticides 
(DDE, nonachlor, chlordane, and gamma-BHC (lindane)) showed that fish contamination levels 
were significantly higher at sites near agricultural sources. The median PCB concentration for the 
20 background sites was below detection compared with values of 2 1 3  to 525 ppb for in
dustrial/urban sites, paper mills using chlorine , refinery/other industry sites, nonchlorine paper mills. 
and Superfund sites. 

HUMAN HEALTH RISK ESTIMATES 

Potential upper-bound human cancer risk from consumption of fish was estimated using 
fillet samples for 14  compounds for which cancer potency factors are avaiiable (Table 4). Human 
health risks were not calculated for dioxins/furans, due to the current review of the potency of these 
chemicals. Most of the fillets were game fish, but fillets from a few bottom feeders that are consumed 
by humans were also included. Fillet data were available at 1 82 sites for mercury and 106 sites for 
the remaining chemicals. The risk estimates were perf onned using standard EPA risk assessment 
procedures and assumed lifetime exposure. Upper-bound cancer potency factors, and fish consump
tion rates of 6.5, 30, and 140 g/day were used. 
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The highest estimated l ifetime human cancer risk levels are associated with total PCBs. The 
cancer risk exceeded l o-4 at 42 sites for total PCBs for a fish consumption rate of 6 .  5 g/day (Table  
4) .  The second highest cancer nsk was associated with d1eldnn where six sites had estimated cancer 
risks greater than 1 0·4 for a 6. 5-g/day fish consumption rate. 

Potential noncarcinogenic effects on human health were estimated for the 2 1  compounds 
for which reference dose (RID) values were avai lable. Hazard md1ces based on a fish consumption 
rate of 6 . 5  g/day exceeded a value of l (meaning adverse health effects may occur) at a smali number 
of sites due to total PCBs, mirex, and combined chlordane when the maximum fil let concentrations 
were used in the analysis. No indices were exceeded when the mean or median concentrations were 
used. C ombined chlordane is the sum of the concentrations of cis- and 1rans- chlordane, cis- and 
trans-nonachlor, and oxychlordane. 

STUDY LIMITATIONS 

The nsks presented in this report represent a national screening assessment and not a detai led 
local assessment of  risks to specific populations. Such detailed risk assessments would consider 
the number of people exposed and i ncorporate local consumption rates and patterns. Furthermore, 
a detailed assessment would require a greater number of fis h samples per site than col lected for this 
screening study. Additionally, this study does not address al l  the bioaccumulative pollutants that 
may be present in surface waters. 

One of the original intents o f  the NSCRF was to further investigate di oxin/furan concentra
tions in fish; consequently, the selection of sites was biased toward sites where these compounds 
might be found. The intent of the source correlations was to identify potential sources, in addition 
to pulp and paper mills using chlorine, for either dioxins/furans or the other study compounds. 
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TABLES4 
Number of Sites with Estimated Upper-Bound Risks 

with Fillet 10-6 10-5 10-4 10-3 
ChemJcaJ Data (> l in 1,000,000) (> l in 100,e000) (> 1 in 10,000) (>l in 1 ,000) 

PCBs 106 89 79 42 lO 
Dieldrin 106 53  3 1  6 0 
Combined Chlordane 106 44 I O  0 0 
DOE 106 40 10 0 0 
Heptachlor Epoxide 106 9 2 0 0 
Alpha-BHC 106 1 1  1 0 0 
Mirex 106 8 2 0 0 
HCB 106 5 0 0 0 
Gamma-BHC 106 0 0 0 0 
Heplaehlor 106 0 0 0 0 
Dicofol 106 0 0 0 0 
Hexachlorobutadiene 106 0 0 0 0 
Pentachloroanisole 106 0 0 0 0 
Trifluralin 106 0 0 

BACKGROUND SITES 

0 0 

No. of Sites 
with Fillet 10-6 10-5 10-4 10-3 

Chemical Data (>I in 1,000,000) (>I in 100,e000) (>l in 10,000) (> I in 1,000) 

TARGETED SITES 

No. or Sites RISK LEVEL (Cumulative) 

PCBs 4 1 1 0 0 
DOE 4 1 0 0 0 

Basis: 1 )  Used EPA (i.e., upper-bound) cancer potency factors. 
2) Used consumption rate of 6.5 grams/day. 
3) Used average fillet concentrations at the few sites with 

multiple samples. 
Combined chlordane is the sum of cis- and trans-chlordane isomers, cis- and trans-nonachlor isomers, and oxychlord
ane 
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Chapter 1 - Introduction 

BACKGROUND 

This report presents the results of the U.S. Environmental Protection Agency's (EPA's) 
National Study of Chemical Residues in Fish (NSCRF), previously referred to as the National 
Bioaccumulation Study (NBS). The study was initiated in 1986 as an outgrowth of EPA· s National 
Dioxin Study. The National Dioxin Study was a 2-year, nationwide investigation of 2,3,7,8 
tetrachlorodibenzo-p-dioxin (2,3,7,8 TCDD) contamination in soil, water, sediment, air, and fish. 
Some of the highest concentrations of 2.3,7 ,8 TCDD discovered in the environment during that 
effort were detected in fish. EPA' s concern that there may be other pollutants with properties similar 
to 2,3. 7 ,8 TCDD bioaccumulating in fish was a primary reason for initiating the NSCRF. Addi
tionally , in response to a petition from the Environmental Defense Fund and the National Wildlife 
Federation, EPA committed to conducting an aquatic monitoring survey of the occurrence of 
chlorinated dibenzodioxins and chlorinated dibenzofurans. Aquatic biota are frequently being used 
to determine whether substances are bioaccumulating, to detect acutely toxic conditions, and to 
detect stresses such as sublethal toxicity, particularly due to interactions among chemicals. 

The objectives of this one-time screening investigation were to determine the prevalence of 
selected bioaccumulative pollutants in fish and to identify correlations with sources of these 
pollutants. In addition, estimates were made of human health risks for those pollutants studied for 
which cancer potency factors and/or reference doses have been established. Human health risks 
were not estimated for dioxins and furans since the potency of these pollutants is the subject of an 
EPA review. 

Bioaccumulation is the uptake and retention of chemicals by living organisms. Aquatic 
organisms such as fish are exposed to pollutants through contaminated water, sediment, and food. 
A pollutant bioaccumulates if the rate of intake into the living organism is greater than the rate of 
excretion or metabolism. This results in an increase in the tissue concentration reiative to the 
exposure concentration in the ambient environment. Consequently, analysis of fish tissue can reveal 
the presence of pollutants in waterbodies that may escape detection through routine monitoring of 
water alone . Contaminants detected in fish not only indicate pollution impact on aquatic life and 
other wildlife (i.e., through biomagnification up the food chain), but also can represent a significant 
route of human exposure to toxic chemicals through consumption of fish and shellfish. 

GENERAL APPROACH 

Composite fish samples were collected primarily in 1 987 at 388 locations nationwide and 
analyzed for concentrations of 60 contaminants by EPA's Environmental Research Laboratory 
(ERL) in Duluth, Minnesota. EPA's Office of Science and Technology personnel, Regional 
Coordinators, and State personnel selected the sampling sites. Locations selected included targeted 
sites near potential point and nonpoint pollution sources; background sites in areas re latively free 
ofpollution sources; and a small subset of sites selected from the U.S. Geological Survey' s (USGS) 
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National Stream Quality Accounting Network (NASQAN) for nationwide coverage. Targeted sites 
included areas near significant industrial, urban, or agricultural activities. Over l 00 sampling sites 
near pulp and paper mills using chlorine to bleach pulp were added to the study after results of the 
National Dioxin Study indicated a correlation between 2,3,7,8 TCDD occurrence in fish and 
proximity to pulp and paper mill discharges. Some samples collected from the National Dioxin 
S tudy sites were reanalyzed as part of this study to obtain information on concentrations of pollutants 
other than 2,3,7,8 TCDD. 

EPA Regional Coordinators managed the collection of composite samples, accomplished 
primarily by State agencies. In general , a representative bottom-feeding species. whole-body 
composite sample was collected and analyzed for each site to determine general occurrence of each 
contaminant in any ponion of the fish. A representative game fish fillet composite sample was 
analyzed at a limited number of the study sites, usually where whole-body concentrations were high, 
to indicate the potential risk to human health from consumption of the edible ponion. A few 
bottom-feeding species composite samples were also analyzed as fillets and used to estimate human 
health risks. 

Target analytes were selected on the basis of their potential to bioaccumulate, human 
toxicity, and analytical feasibility. Hundreds of potential chemicals of concern were screened for 
inclusion in the study. The final list of 60 contaminants included 1 5  chlorinated dibenzodioxins 
and dibenzofurans and 45 other xenobiotic chemicals, primarily polychlorinated biphenyls. and 
chlorinated organic pesticides. The final list did not represent a comprehensive list of all 
bioaccumulative pollutants of concern. 

Three methods were employed for laboratory analyses. ERL-Duluth refined and expanded 
the method for dioxin analysis developed for the National Dioxin Study to include 1 4  polychlori
nated dibenzodioxins and polychlorinated dibenzofurans in addition to 2,3, 7,8 TCDD. ERL-Duluth 
developed a second method specifically for this study to measure concentrations of 44 of the other 
xenobiotic study analytes. Mercury was analyzed separately from the other study chemicals using 
EPA' s standard analytical techniques. 
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Chapter 2 - Study Design and Approach 

This chapter provides an overview of the development of the design and analytical approach 
for this national srudy of chemical residues in fish. Prior to undertaking the study, a Work/Quality 
Assurance Project Plan (U.S. EPA. 1 986a) was prepared that described the overall goals for the 
study, the data quality objectives, and the Quality Assurance/Quality Control (QA/Q!:,) procedures 
to meet the objectives. This study, to a large extent. built upon experience gained during the 
multimedia EPA National Dioxin Study (U.S. EPA. 1 987b ). which investigated contamination from 
2,3.7,8 tetrachlorodibenzo-p-dioxin (2,3.7,8 TCDD). Unlike the National Dioxin Study, however, 
this study was intended to screen for a wider range of chemicals with high potential to bioaccumulate 
in fish (or shellfish) tissue. Consequently. new or modified analytical methods had to be developed. 
ERL-Duluth was responsible for developing and verifying the analytical methods, detennining 
compliance with precision and accuracy targets, and achieving minimum detection limits to meet 
the objectives of the study. 

POLL UT ANT SELECTION SCREENING PROCESS 

A screening process was undertaken by EPA to select the pollutants for the study. Four 
hundred and three chemicals were initially identified as candidate study compounds. Sources from 
which these chemicals were identified included: 

1 .  List o f  priority pollutants. Priority pollutants are the 1 26 pollutants d�rived from the 
65 classes of compounds listed in Clean Water Act section 307(a). Some of the 
priority pollutants were included on the screening list for this study based on their 
potential human health or aquatic life effects and exposure potential (Tobin, 1 984 ) .  

2 .  Pesticides detected in effluents from pesticide manufacturing plants (Donnan, 1 985). 

3. The Carcinogen Assessment Group's  (CAG's) List of Chemicals Having Substantial 
Evidence of Carcinogenicity (U.S. EPA. 1 980b). 

4. Semi volatile organic compounds identified by the Office of Toxic Substances in 1 980 
to be in human adipose tissue (U.S .  EPA. 1980c) .  

5 .  Chemicals considered by the International Agency for Research on Cancer ( IARC) to 
have substantial evidence of carcinogenicity (evaluated after CAG 1980 list was 
completed) .  

6 .  National Toxicology Program (NTP) chemicals classified as  carcinogens in  Annual 
Reports on Carcinogens (NTP. 1 982a,b). 

Specific pollutants are listed in 44 FR 34393 ( 1979), as amended by 46 FR 2266 ( 198 1  ), and 46 FR 10723 ( 1 98 1  ). 1 

3 



7 .  Clean Water Act 4(c) Program pollutants. other than priority pollutants , identified in 
industrial and POlW effluents as nonbiodegradable. 

8 .  Additional suggestions from Agency experts. 

The resulting list of candidate chemicals was first screened for bioaccumulation potential. 
Compounds with calculated or experimental Bioconcentration Factors (BCFs) greater than 300 were 
selected because they have greater potential to bioaccumulate and because the projected human 
exposure from fish consumption would be greater than the projected exposure from drinking water. 
The list of chemicals was further screened based on human toxicity, exposure potential , persistence 
in the aquatic environment, and biochemical fate in fish. For example, compounds that are quickly 
hydrolyzed or metabolized were identified and eLiminated from further consideration. Finally,
screening of the remaining chemicals was undertaken with regard to analytical feasibility by 
chemists at ERL-Duluth. Chemicals presenting significant analytical difficulties ,  such as not being 
amenable to generalized isolation procedures, were removed from the list. For example. low 
recovery from the silica gel column eliminated chlorbenzilate. triphenyl phosphate, and 
trichloronate. Kepone was deleted due to inconsistent mass spectral response. 

A final list of 1 5  dioxin and furan congeners and 45 other xenobiotic chemicals resulted 
from the screening process (Table 2- 1 ). The 2,3. 7 ,8 substituted dioxins and furans were selected 
for analysis due to their toxicity. For these analytes, maximum target detection levels were 
detennined based on potential fish tissue concentration levels of concern, i.e., those associated with 
a given level of toxicity ( l o-6 risk of cancer). The latter were derived following Agency guidelines 
(U.S. EPA. 1 986a). 

FIELD SAMPLING PROCEDURES 

Sample Collection 

The EPA Regional Offices were responsible for the collection of the fish samples and for 
transport to ERL-Duluth for analysis. Procedures for sample fish collection, handling, preservation, 
and transport were described in the Work/Quality Assurance Project Plan (U.S. EPA. 1 986a, 1 984) 
and are noted below. Two composite fish samples per site were collected, where possible: 

l .  A representative bottom-feeding fish composite to be analyzed whole. as an overall 
indication of pollutant levels at each site. 

2 .  A representative game fish composite to be analyzed as a fillet to provide an indication 
of potential human health risk from consumption of fish. 

Approximately three to five adult fish of similar size and from the same species were 
collected for each composite at a given site allowing for a minimum sample size of 500 grams. 
All fish in the composite sample were obtained from the same site .  The fish species targeted 
for sampling were considered to be good bioaccumulators and/or were routinely consumed by 
humans. For bottom-feeding fish, target fish in order of preference were 1 )  carp, 2 )  channel 
catfish, and 3) white sucker. Suggested target species for game fish included 1 )  white bass, 
2) northern pike , 3) walleye, 4) smallmouth bass, 5) largemouth bass, and 6) crappie. (A 
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TABLEE2-l 
List of Target Analytes 

DIOXINS 

2,3,7,8 Tetrachlorodibenzodioxin (TCDD) 
1,2,3,7,8 Pentachlorodibenzodioxin (PeCDD) 
1,2,3,6,7,8 Hexachlorodibenzodioxin (HxCDD) 
1,2,3,7,8,9 Hexachlorodibenzodioxin(HxCDD) 
1,2,3,4,7,8 Hexachlorodibenzodioxin(HxCDD) 
1,2,3,4,6, 7,8 Heptachlorodibenzodioxin(HpCDD) 

FURANS 
2,3,7,8 Tetrachlorodibenzofuran (TCDF) 
1 ,2,3,7,8 Pentachlorodibenzofuran (PeCDF) 
2,3,4,7,8 Pentachlorodibenzofuran (PeCDF) 
1 ,2,3,6, 7,8 Hexachlorodibenzofuran (HxCDF) 
1,2,3, 7,8,9 Hexachlorodibenzofuran (HxCDF) 
1,2,3,4,7,8 Hexachlorodibenzofuran (HxCDF) 
2,3,4,6, 7,8 Hexachlorodibenzofuran (HxCDF) 
1 ,2,3,4,6,7,8 Heptachlorodibenzofuran (HpCDF) 
1 ,2,3,4, 7,8,9 Heptachlorodibenzofuran (HpCDF) 

OTHER XENOBIOTICS 
Biphenyl Mirex 
Chlordane, cis Nitrofen 
Chlordane, trans Nonachlor, cis 
Chlorpyrifos Nonachlor, trans 
p,p' -DDE Octachlorostyrene
Dicofol Oxychlordane
Dieldrin Pentachloroanisole 
Diphenyl Disulfide Pentachlorobenzene 
Endrin Pentachloronitrobenzene 
Heptachlor Perthane 
Heptachlor epoxide Polychlorinated Biphenyls 
Hexachlorobenzene (Mono-Decachlorinated) 
Hexachlorobutadiene 1,2,4,5 Tetrachlorobenzene 
alpha-BHC 1,2,3,4 Tetrachlorobenzene 
gamma-BHC (lindane) 1 ,2,3,5 Tetrachlorobenzene 
Isopropalin 1,2,3 Trichlorobenzene 
Mercury 1 ,2,4 Trichlorobenzene 
Methoxychlor 1,3,5 Trichlorobenzene 

Trifluralin 
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summary of the types o f  fish actually collected and analyzed and a comparison of the observed fish 
tissue concentrations detected are included in Chapter 5 .  "Fish Species Summary and Analysis.") 

Sample Handling/Preparation 

After col lection . the fish were i ndividually wrapped in aluminum foil. labeled. dry-iced, and 
shipped frozen to Duluth. Chain-of-custody procedures were followed for each sample using a 
centrali zed sample control system. Once fish samples were received by ERL-Duluth, the staff 
completed the chain-of-custody forms and placed the frozen samples in a freezer. Fish tissue was 
ground frozen and homogenized in a stainless steel meat grinder. For whole-fish samples (e.g., 
bottom feeders), the entire fish including organs and muscle tissue was ground. For game fish, 
fillets with the skin off were prepared and then ground. Most filleting (sk.in-ofO was done at 
ERL-Duluth. All equipment and the stainless steel table were c leaned after each use. The ground 
tissue was stored at -20&° C until extracted. 

Fish Len!!th and Wei2ht Data 

Length and weight data for individual fish in the bioaccumulation data set were not usually 
available. information on the number of samples per composite and sampling date was recorded, 
along with the weight of the sample and percent lipid (see Appendix D, Vol. II). Age and sex were 
not determined for this study. To minimize potential differences, fish were not collected during or 
soon after spawning or during seasonal migration. The dates of sample collection are included in 
Appendix D, Vol. II. In future studies, it is recommended that length and weight data be obtained 
for all samples and that enough samples be aged to develop age vs. length and weight relationships. 
In some cases. only mean lengths and weights were available for the fish from which  fillet and 
whole-body samples were prepared for analysis. A preliminary review of the data indicated that 
some samples consisted of individual specimens with widely differing lengths and weights. This 
probably resulted from limited availability of fish.  Assuming that length and weight are a 
reasonable indicator of age for most fish species, then the likely use of different age fish could bias 
some of the various bioaccumulation study analyses. In general, it may be assumed that older fish 
would have had a longer exposure to contaminants either through direct contact with substrates 
(e .g. ,  demersal species )  or as predators. having consumed large quantities of contaminated prey. 
Changes in metabolism related to age and other age-dependent factors may also affect tissue 
contaminant levels. In general , samples prepared for tissue analyses requiring multiple specimens 
should. to the extent possible. include only those fish which are essentially the same length and 
weight and. hence, approximate age. 

ANALYTICAL PROTOCOLS 

Three analytical procedures were employed during the laboratory analysis of the sample 
composites. The summaries that follow have been abstracted from U.S. EPA, 1990b, EPN600/3-
90/022 (PCDD/PCDF); U.S. EPA. 1 990c. EPA/600/3-90/023 (xenobiotic chemical contaminants); 
and U.S .  EPA, 1 989a (mercurv) .  
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Dioxins/Furans 

A schematic of the analytical procedures used for the tissue extraction of polychlorinated 
dibenzodioxins and polychlorinated dibenzofurans (PCDD/PCDF) is shown in Figure 2- 1 .  Specific 
details of the analytical procedures used are provided in U.S .  EPA. 1 990b ( included in Appendix 
A). After spiking a dry tissue sample with internal s tandard solutions. the sample was extracted 
with a mixture of hexane and methvlene chloride and the elucnt was collected in a Kuderna-Danish 
(KD) apparatus. The internal sla�dards added at this point consisted of 1 1  different 1 3 &

c labeled 
compounds and four PCDD/PCDF compounds (see Solutions A and B in Table 2-2.) . The KD 
apparatus was then placed in a 60&° C water bath under a dry carbon filtered air flow. After the solvent 
had evaporated, the lower tube and contentli were weighed. The l ipid was then quantitatively 
transferred to an acid-celite macro-column. and the lower empty tube and contents were weighed. 
The percent lipid was calculated based on the di fference in weights. The ac id-celite column was 
eluted with benzene/hexane. Isooctane was added and the sample volume reduced for transfer to 
the activated florisil/sodium sulfate column. The column was eluted with methylene chloride and 
hexane and the eluate discarded. The column was then washed with methylene chloride, which 
flowed directly onto a carbon silica gel column for PCDD/PCDF isolation. Benzene/methylene 
chloride was added to the carbon column. and then the carbon column was invened. The 
PCDD/PCDF were eluted with toluene and another internal standard. Solution C in Table 2-2, prior 
to gas chromatography/mass spectrometry (GC/MS) analysis. 

During the course of this study, changes were made to the PCDD/PCDF methodology. In 
1 987. toluene was replaced with tridecane as the solvent for the standard PCDD/PCDF recovery 
and calibration solutions. The new standards included more compounds than the original set. In 
addition. the procedure for determining the minimum level of detection was modified to better reflect 
actual instrumental analysis. Consequently, resu lts generated after July 1 987 reflect a minimum 
level of detection (MLD) defined as the concentration predicted from the ratio of the baseline noise 
area to the labeled internal standard area plus three times the standard error of the estimate from the 
weighted initial calibration curve. Before this procedure, the MLD was determined according to 
the Analytical Procedures and Quality Assurance Plan for the Analysis of 2,3,7,8 TCDD in Tier 3-7 
Samples of the U .S .  Environmental Protection Agency National Dioxin Study (EPN600/3-85-0 l 9). 

Prior to the addition of the florisil column in July 1 988, polychlorinated diphenylethers 
interfered with the quantification of some of the biosignificant furans (2.3.4,7,8 PeCDF; 1 ,2,3.4,6.7 
HxCDF; 1 .2,3,4,7,8 HxCDF; and 2,3,4,6,7,8 HxCDF). The reported values for these compounds 
may have been overestimated due to the interference. The samples with interferences were flagged 
in the data reports with a comment. In addition. a flag has been added to the data tables indicating 
that 1 ,2,3.4,7,8 HxCDF coelutes with 1 ,2 , 3 ,4,6,7 HxCDF on the GC column (DBS 30M). 

A l l  GC/MS analyses were done using high-resolution GC/high-resolution MS 
(HRGC/HRMS). Before the analyses, each sample was spiked with a standard solution and the 
sample volume adjusted to 20 µL with tridecane. Sample analyses were done in sets of twelve 
consisting of: 
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Figure 2-1 .  Schematic of laboratory procedures for dioxins and furans. 

8 



125 ,0 

TABLE 2-2. Internal Standard Solutions Used for PCDD/PCDF Analyses 

Compound 

37cL-1e2.3.7,8 TCDD 
1 3c12 2.3 ,7.8 TCDD 
13ctz 2.3.7,8 TCDF 
1 3c12 1 ,2. 3,7.8 PeCDD 
1 3c12 1 ,2,3.7,8 PeCDF 
13c12 1 .2,3.4.7,8 HxCDD 
1 3c 1 2  1 ,2.3.4,7,8 HxCDF 
l 3c12 1 ,2.3.4.6.7,8 HpCDD 

Concentration 
in Solution ( pg/µL) 

lmemal SWJdarct So!uuon A < lQ(hJU 
2.0 
5 .0 
5 .0 
5 .0 
5 .0 
12 .5  
12.5 
12 .5 

Concentration 
in tissue (pg/g "' ) 

10.0 
25.0 
25.0 
25.0 
25.0 
62. 5  
62.5 
62. S 

l 3c12  1 .2.3,4,6,7.8 HpCDF 1 2.5 
1 3c12 OCDD 25 .0 

62. S  

37cu 2,3,7,8 TCDF 2.0 10.0 

1 .2,3,4 TCDD 
1 ,2,4,7,8 PeCDD 
1 ,2,3,4 TCDF 
1 .2.3,6, 7 PeCDF 

Internal Standard Solution B 
1 .0 5 .0 
1 .0 5.0 
1 .0 5.0 
1 .0 5 .0 

1 3c121,2,3,4 TCDD 

"'Assumes a 20-g sample. 
Reference: U .S .  EPA. 1990b. 

Internal Standard Solution C 
50.0 50.0 

Compound 

lodobenzene 
1 -lodonapbtbalene 
4,4 • -Diiodobipbenyl 

Biphenyl-O10 
Phenanthrene-D1 o 
Chrysene-D12 

Surrogate Standard and Internal Standard Solutions 
Used for Other Xenobiotic Compound Analyses 

Concentration (µg/mL) 

Surroi:ate Standard Solution A [251,1,Ll 
125 
125 
1 25 

Internal Standard Solution <ICW.l 
50 
75 
75 
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.. . 
1 .  One method blank; 

One additional fortified matrix (blank) spiked with native analytes; 

3 .  One detection limit verification sample-an environmental sample with a detectable 
amount of native analyte (determined from a previous analysis) . spiked with native 
analytes. and analyzed with the next sample set (used for only the first three sample 
sets of a matrix type to establish that the calculated MLD was achievable ) ; 

4. One duplicate sample ; and 

5. Eight (if de tection limit verification sample used) or nine environmental samples. 

Quantification of analytes was accomplished by assigning isomer identification, integrating 
the area of mass-specific GC peaks. and calculating an analyte concentration based upon an ion 
relative response factor between the analyte and the appropriate standard. For the tetrachloro- to 
heptachloro-congeners/isomers of PCDD/PCDF, analytical results were reported as concentration 
in pico grams per gram (pg/g) ( ppt wet weight) for each GC peak in a congener class by making the 
assumption that the response for the molecular ion of all isomers in that class was equal to the 
response observed for lhe isomer for which ERL-Duluth had a standard. Target MLD are noted 
below: 

TCDD, TCDF 1 pg/g
PeCDD. PeCDF 2 pg/g
HxCDD, HxCDF 4 pg/g
HpCDD. HpCDF I O  pg/g 

The specific detection limits for each sample with concentrations below detection were 
recorded in the data base (see Appendix D. Volume II). The actual detection limits achieved were 
often lower than the above targeted values. 

Other Xenobiotic Chemicals 

A schematic of lhe analytical procedures used for the tissue extraction of the other xenobiotic 
chemicals is shown in Figure 2-2. More specific details are provided in U.S. EPA, 1 990c, included 
in Appendix A. Before extraction, each sample was fortified with a surrogate standard solution 
(Table 2-2) to evaluate the recovery of target analytes. To isolate the xenobiotic chemical 
contaminants. a gel permeation chromatography (GPC) system was first used to remove fish lipid 
interferences. Then a Kontes column packed with silica gel was used to remove naturally occurring 
cholesterol and fatty acids. Finally, the samples were spiked with an internal standard solution, also 
listed in Table 2-2, used to quantify target analytes before GC/MS analysis. 

In August 1 988, two important changes were made in the xenobiotics methodology. The 
amount of silica gel used was doubled, and the maximum amount of lipid placed on the GPC system 
was decreased from 1 .0 g to 0.8 g. These changes were made to obtain better recovery of the target 
analytes and to decrease interferences. The quantitative results (concentrations) obtained with the 
two methods were comparable. 
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Figure 2-2. Schematic of laboratory analytical procedure for other xenobiotic chemicals. 



Samples w�re analyzed by GC/MS as referenced in U.S .  EPA, 1990c. The posiuve 
identification oi analytes using the MS  was based upon a reverse library search threshold value and 
relative re tention time : quantification was based on the response factors relative to one of three 
internal s tandards. Sample analyses were done in sets of 1 2  consisting of: 

1 .  One method blank , 

2 .  One additional fortified matrix (blank) spiked with one of eight mixtures of the target 
analytes. 

3 .  One duplicate sample, and 

4. Nine environmental samples. 

All target xenobi otic analytes were quantified as unique values (ng/g-ppb wet weight), 
except PCBs, which were reported by total congener at each degree of chlorination. Specific 
detection limits were not determined for individual samples so they have been operationally set at 
zero. Target quantitation limits for these analytes were : 

Target Analytes (except PCBs) 2.5 ng/g 
Polychlorinated Biphenyls 

Level of Chlorination: 1 -3 1 .25 ng/g 
4-6 2.50 ng/g 
7 -8 3 .75 ng/g 
9- 10  6.25 ng/g 

Mercury 

A schematic of the equipment arrangement for mercury analyses is shown in Figure 2-3. 
More specific details are provided in Olson et al. ,  1 975; Horwitz, 1 983 ;  APHA, 1 985; and Glass et 
al. ,  1 990. The analytical procedure for mercury was based on a standard flameless atomic absorption 
method. Fish tissue samples were digested in a mixture of nitric acid. sulfuric acid, potassium 
permanganate, and potassium persulf ate as the digestion reagent. The resulting solution was treated 
with a sodium chloride-hydroxylamine sulfate solution and aqueous stannous chloride. Liberated 
mercury was measured using an atomic absorption spectrophotometer equipped with a cold mercury 
vapor apparatus. Data for mercury are reported as microgram per gram (µg/g){ppm wet weight). 
The detection limit for mercury was 0.05 µg/g for samples analyzed prior to 1 990 and 0.00 1 3  µg/g 
for the 1 95 samples analyzed in 1990. The sample size was decreased from 1 .0 g to 0.2 g to obtain 
results within the instrument's calibration range established at the lower detection limit. 

Quality Assurance/Quality Control (QA/QC) 

Specific laboratory QA procedures were established by ERL-Duluth, and are summarized 
in Appendix A, Table A- 1 .  The PCDD/PCDF QA requirements for accuracy, method efficiency, 
precision, and signal quality (signal-to-noise [SIN] ratio) are shown in Appendix A, Table A-2. 
Limits for recovery of standards were also set. Values that were below 40 percent recovery were 
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nagged with a QR designation in the dai.a nase. These values represent minimum concentrations 
and are included with the data hut were not used in the data analyses. 

Xenobiotic and mercury data QA requirements arc listed in Appendix A. Table A-4 and 
Appendix A. Table A-7 . If more than 201K of the analytes were outside the QA for accuracy and 
precision . the sample set was reanalyzed. QC chans were maintained by the laboratory for each 
analyte displaying quanti tative bias and precision. B ia1, and precision were calculated at the 
completion of the study and are presented in Appendix A. For QA factors outside of the above 
criteria (Appendix A for xenobiotics), corrective actions were undenaken (e.g. , adjust GC or MS 
parameters. flush/replace GC rnlumn. clean MS, reextract and reanalyze samples) .  An overall data 
completeness criterion o f  80 percent was set for the study. As discussed in Appendix A, this criterion 
was met. 

General guidance for data quali ty including QNQC requirements was provided in the 
Work/Quality Assurance Project Plan ( U.S . EPA. 1986a). As stated in this Project Plan: 

· ·Toe expected quality of the data will be speci fied in tenns of precision, bias, and detection 
limits .  In general . the bias requirements will be 30% (i.e . ,  the reported values will be within 30% 
of the true values) and the precision requirement will be 50% . . . .  The detection limit for fish will 
be based on consideration of levels of concern . . . .  " 

The target  for completeness of the data was original ly set at 80 percent in the study workplan. 
This target was the minimum percent of verified data as a percent of total reported data. In fact, 
this target was exceeded. For the dioxin/furan analyses 96 percent of all analyses met QNQ!2 
criteria. Those analyses which did not are !lagged with "QR" in the database (Vol. II. Appendix 
D) and were not used for any data analyses. All other data met the QNQ!2 criteria, i .e .. the percent 
of total reported data c lassified as valid. 

S pecific protocols were developed in this study for control ling data quality and ensuring 
data comparability, inc luding : 

1 .  Standardized written sampling and analytical procedures, 

2 .  Standardized handling and shipping procedures, 

3 .  The use of blanks (reagent and field), 

4. The use of fortified samples to control accuracy and internal standards to quantify 
target analytes. 

5 .  Specified calibration procedures to control accuracy and verify detection limits, 

6. Replicate analyses to evaluate laboratory precision, and 

7 .  Standardized data reduction and validation procedures. 
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2 .  

Procedures for documentation. data reduction and validation. and reporting were specified 
in the Analytical Procedures and Quality Assurance Plan Manuals (U .S . EPA. 1990b. 1 990c, 1989a). 

SITE SELECTION 

Fish collected from 388 unique sites were analyzed for this study (Figure 2-4) . The types 
of sites sampled included targeted sites near potential point and nonpoint sources (shown separately 
in Figure 2-5) . background sites (s hown separately in Figure 2-6), and a subset of sites from the 
USGS NASQAN (shown separately in Figure 2-7) :  

Kumber 
Type of Site Sampled 

Targeted Sites 
Background Sites 
USGS NASQAN Sites (Subset) 
TOTAL 

3 1 4  
35 

_w 
388 

A subset of samples that had been collected at 1 03 sites during the National Dioxin Study 
(U.S. EPA, 1 987b), and that had been analyzed for 2,3 ,7 ,8  TCDD only, were reanalyzed for the 
other study dioxin/furan congeners and xenobiotic compounds. These sites have episode numbers 
from 1994 to 2776. The new sites have episode numbers beginning with 3000. 

Targeted sites were selected by EPA Regional and State staff based on proximity to potential 
sources (Figure 2-5). Fish and other aquatic biota were sampled near industrial dischargers, urban 
areas, or agricultural runoff areas. The number of sites was not allocated equally among types of 
sources. Some of the targeted sites were selected based on potential chlorinated dioxin and f uran 
contamination, including areas near pulp and paper mills (mills that use chlorine to bleach pulp and 
other types of mills). wood preservers, users of such contaminated products as polychlorinated 
phenols and phenoxides, PCB dischargers, organic chemical and pesticide manufacturers, and 
combustion sources (sewage sludge incinerators, municipal incinerators) . Two reasons for selecting 
these types of sites were :  

l .  The major sources of chlorinated dioxins and furans are suspected to be similar to the 
sources of 2 ,3 ,7 ,8 TCDD investigated in the National Dioxin Study, and 

Certain organic chemicals and pesticide compounds (primarily polychlorinated phe
nols and polychlorinated phenoxides) had been identified as having chlorinated dioxin 
or furan contamination. In addition, several PCB mixtures had been reported to 
contain furan contamination. 

More sites with potential dioxin/furan contamination were selected than for other compound 
groups to follow up the results of the National Dioxin Study. Some targeted sites were also selected 
for sampling based on the potential for hexachlorobenzene (HCB) contamination. Potential sources 
of HCB include fugitive emissions from manufacturing plants, impurities in pesticides (e.g . ,  
pentachloronitrobenzene [PCNB] ,  dacthal, chlorothalonil, picloram), and previous application of 
HCB as a fungicide. Production facilities for certain chemicals (e .g . ,  chlorobenzenes, carbon 
tetrachloride, chlorine) are known to generate HCB as a contaminant (U.S .  EPA, 1 986a) . The ten 
largest direct dischargers (by production volume) of the chemicals of concern were recommended 
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for sampling. In addition, a site within each of the 1 0  U.S. counties with the highest combined 
applications of the pesticides PCNB, picloram, and chlorothalonil (Resources for the Future. 1986) 
were selected by the EPA Regions and targeted for sampling. 

The following categories were used for targeted sites: background, paper mills using 
chlorine. other types of pulp and paper mills. wood preserving plants, refineries/other industries. 
Superfund sites, industry/urban, agriculture, and POTW. The two broad categories, industry/urban 
and refineries/other industries. were used to accommodate the sites having multiple point sources. 

Background sites, shown in Figure 2-6, were selected by EPA Regional and State staff in 
areas generally free of influence from industrial releases, urban activities, or agricultural runoff. 
Results from these background sites were to be compared with concentrations of pollutants found 
in samples from the targeted, potentially more polluted sites. 

A subset of sites were selected based upon hydrologic subdivision of major river basins. 
from the USGS NASQAN sites for nationwide coverage (Figure 2-7). The sampled sites were 
intended to represent a larger number of sites from the network. 
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Chapter 3 - Dioxin and Furan Results and Analysis 

This chapter presents the results from analysis of fillet and whole-body samples for dioxin 
and f uran compounds. The first section contains a summary of the prevalence and concentration 
of all dioxins and furans analyzed, as well as a summary of the Toxicity Equivalency Concentration 
(i .e. , a toxicity-weighted concentration of all dioxins and furans ). Additional information presented 
in this chapter consists of a geographical distribution summary and a source correlation analysis. 
The latter analysis identifies point and nonpoint sources in the vicinity of the highest concentration 
fish samples and compares concentrations between various site categories. 

Chemical profile data for dioxins and furans can be found in Appendix C. Volume II. These 
data include physical/chemical properties, sources, standards and criteria, and human health effects. 
The raw concentration data, specific detection limits for dioxin/furan congeners, and location 
information on the fish samples and other sampling data including sample weight, percent lipid, 
number of fish per composite, and date of sample collection are included in Appendix D, Volume 
II. The number of samples taken and analyzed by site can be determined by counting the samples 
for a given site (episode number) in the data tables (Appendix D, Volume II). The number  of fish 
in each composite sample is provided in Appendix D-6 (Volume II). Other values for a given site 
can be reviewed by identifying the episode number for the site from the site matrix (Table B-3, 
Appendix B, in Volume I or Table D- 1 ,  Appendix D. in Volume II) and then looking at the data in 
the raw data tables (Appendix D, Volume II) . 

PREVALENCE AND CONCENTRATION SUMMARY 

Six dioxin congeners and nine furan congeners were measured in the fish tissue and shellfish 
samples. Summary data regarding the prevalence and concentration of these 1 5  compounds can be 
found on Table 3 - l and Figure 3- 1 .  Mean concentrations were calculated using one-half of the 
detection limit for tissue concentrations below detection. The total number of sites sampled and 
the percent of sites where at least one sample had a detected concentration are also shown. Each of 
the dioxin congeners was detected in samples ranging from 32 percent ( 1 ,2,3,4, 7 ,8 HxCDD) to 89 
percent ( 1 ,2 ,3 ,4,6,7,8 HpCDD) of the sites (Figure 3- 1 ). The occurrence of furans by site showed 
more variability, ranging from l percent ( 1 ,2,3,7,8,9 HxCDF) to 89 percent (2,3,7,8 TCDF). The 
dioxins and furans detected in samples from more than 50 percent of the sites included: 

Compound Percent of Sites Detected 

1 ,2,3,4,6,7 ,8 HpCDD 89  
2 ,3 ,7 ,8 TCDF 89  
2 . 3 ,7,8&TCDD 70 
1 ,2 ,3 ,6,7,8 HxCDD 69 
2,3,4,7 ,8 PeCDF 64 
1 ,2,3,4,6,7,8 HpCDF 54 
1 ,2,3,7,8 PeCDD 54 
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TABLE J-1 

Summary of Dio::dns/Furans Detected in Fish Tissut 

Peroentof 
Sites 'IJhere S1anda.rd Total Number 

Chemical Detected Max• Mean• Devialion Median• ol Sites 0 
2378 TCDF 89.4 -403e9 13.61 40. 1 1  2.97 388 7 
1234678 HpCOD 89e0 249.l 10.52 25.30 2 83  354 6 
2378 TCOO 70.3 203.6 6 89 19.41 1 38 388 1 

123678 H1<CDD 68.8 100.9 4 30  9 25 1 .32 375 4 

23478 PfJCOF 64e3 56.37 3 06  6.47 0.75 387 9 
1234678 HpCDF 53.8 58.3 1 91  4.41 0.72 353 14 

12378 PfJCOD 53.5 53.95 2.38 4.34 0.93 385 2 
12378ePeCOF 47.3 120.3 171 7.69 0.45 387 8 

123478 HxCOF 42.0 45.33 2.35 4.53 1.42 379 ,o 

123789 Hil.COD 37.9 24.76 U6 l .74 0.69 375 5 
123478 HxCDD 32.3 37.56 1 .67 2.39 1.24 375 3 
234o78 HxGDF 3!.7 19e30 1.24 1 .51 0.98 379 13 
123678 HxCDF 20.8 30.86 1 .74 2.34 1.42 379 1 1  
1234789 HoCDF 4.0 2.57e"" 1.24 0.33 1 .3 353 15  
123189 HxCDF 1 .3 0.96*" 1.22 0.41 t.38 379 12 
TEC NIA 213.05 1 1 .08 2371 2.8 388 

• Conc:.ntration■ are pi<x)grams per gram lpg/g) or parts per 1rillion (ppt) by wet weight. The mean, median, and standard deviation were calculated using one-half the detection 
limit 1or ■ample• which were below the, detection limit. In cases where multiple &ampl6$ were analyzed per lite, the varue used repreMnts the highest concentration. 

HDeteetion limits were highlf than the few quantified values for 1,2,3,4,7,8,9 HpCDF and 1,2,3,7,8,9 HllCDF. Maxjmum 11alues lis1ed are measured values_ 

TEC • Toxicity .qulvalency oonoentralion bated on method ot Barnes et al., 1989. 

Nole: D 11 delignatlon ot chemica.l on hlltOgram (Flgur• 3-1) of the percent of situ with oonoentralion1 above detection. 

22 



1 :�34789 HpCDF 

123789 HxCDF 

Percent of Sites with Detected Levels 

I\) 0, --...J 0 
0 0, 0 0, 0 

2378 TCDF 

1234678 HpCDD 

2378 TCDD 

123678 HxCDD 
do' 
C 

--

� 

� 

� 

� 
I 

23478 PeCDF -
ti) 1 234678 HpCDF C
a 

12378 PeCDD 
0-. 
Q.... 
>I 1 2378 PeCDF s· 
2'
i 1 23478 HxCDF 
Q.
"11 -

1 23789 HxCDD [
=.... 
::h 1 23478 HxCDD 

234678 HxCDF 

123678 HxCDF 

23 



The maximum levels of the four most frequently detected compounds and 1 ,2,3. 7 ,8 PeCDF 
were greater than 100 ppte. The highest mean and median concentrations were for 2,3.7.8 TCDF 
at 1 3 .6 and 2.97 ppt, respectively. 

The lower median value retlects the lognonnal type distribution as shown in the cumulative 
frequency distributions for the six dioxins (Figure 3-2) and for selected furans (Figure 3-3). These 
graphs were prepared using the maximum detected value at each site. When the duplicate sample 
value was higher than the original sample, the duplicate value was used. In a similar manner, values 
for samples from duplicate sites (i.e .• resampled locations) were compared and the maximum 
measured value used. The graphs show that the dioxins 2.3,7,8 TCDD and l .2,3,4,6,7,8 HpCDD 
were present at higher concentrations than the other dioxin congeners. For 2,3,7,8 TCDD, 18  
percent of the sites had measured concentrations greater than 7 pg/g. A similar pattern was observed 
for the furans. although the maximum concentration for 2,3.7,8 TCDF was considerably higher than 
any of the other furan congeners. and this was the only furan congener with a median concentration 
greater than 2 pg/g. 

Toxicity Eguivalency Concentration (TEC) 

Toxicity equivalent concentrations (TECs} of dioxins/furans were calculated to facilitate 
comparison of fish tissue contamination among sites. TEC represents a toxicity weighted total 
concentration of au individual congeners using 2,3,7,8, TCDD as the reference compound. EPA's 
interim method was used to determine TEC (Barnes, et. al., 1989). This is referred to as the Toxicity 
Equivalency Concentration (TEC) value, sometimes called TEQ (toxicity equivalents). The TEC 
method was developed under an international project and advocated by EPA. Under this method, 
2,3, 7 ,8 TCDD is used as the reference toxicity compound with all other dioxins and furans compared 
to this compound through the use of a Toxicity Equivalency Factor (TEF). The factors for 
determining the relative toxicities are shown in Table 3-2. Octa-dioxins and furans were not 
analyzed because at the time this study began in 1986, the TEFs were zero for these congeners. 
Under the 1 989 interim method, the TEF was increased to 0.001 .  Consequently, TEC values may 
be underreponed for samples collected at sites with sources of octa-dioxins, e.g. , wood preservers. 

The largest TEF used to compute TEC is for 2,3,7,8 TCDD (a value of 1) .  The next largest 
factor is for the 2,3,7 .8 PeCDDs (i.e., penta-dioxins that have a chlorine atom in each of the 2,3,7 ,8 
molecular positions and the fifth chlorine atom is in any of the remaining positions) and 2,3,4,7,8 
PeCDF (both 0.5). The compound 2,3,7,8 TCDF has a TEF of 0. 1 ,  but because it is frequently 
detected it is a significant contributor to the TEC values. The cumulative frequency distribution 
of TEC values shows that these values exceeded 1 pg/g in at least one sample at 70 percent of the 
sites (Figure 3-4). The proportion of the TEC contributed by 2,3,7,8 TCDD using the 1989 interim 
method is over 50 percent in 50 percent of the samples (Figure 3-5a). Four compounds (2,3, 7 ,8 
TCDD; 2,3,7,8 TCDF; 1 ,2,3,7,8 PeCDD; and 2,3,4,7,8 PeCDF) account for a little more than 80 
percent of the TEC in three-fourths of the samples (Figure 3-Sb). Levels ofhepta- and hexa-dioxins, 
detected in a high percentage of study samples, have gained significance because the factors for 
these compounds, though low relative to the tetra- and penta-dioxins, have increased from 0.001 
under the U.S. EPA's 1987 method to 0.0 1  for the 2,3,7,8 HpCDDs under the 1989 method and 
from 0.04 to 0. 1 for 2,3,7 ,8 HxCDDs. 
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Figure 3-2. Cumulative frequency diagrams of concentrations of six dioxin congeners in fish 
tissue. Points display values above detection. The bars along the x axis indicate 
values below detection (ND). The total number of sites is also listed on the 
graph. Concentrations used are maximum values at each site. 

25 



2378 TCOF 

-·-··········-·······-··· ····-�····· ····-······· ··•··········-····· 

.• 

0 20 <IO 60 80 1 00  
P•rcent,1• of Sites 

1 2378 PeCOF 

75111 .,.,_ 

20 "° 60 100 

Percennte ot S,tes 

20 

23478 PeCOF 

'° ei, 110 100 

P1rc1nole of Sit.s 
20 

1 23478 HxCDF 

"° 60 80 

i 
( 

,oo 
Perc1nn1e ot Sil&S 

234678 HxCOF 

,io IO IO 
P&relf11N ot SitN 

1 234678 HpCDF 

;,s.,_... 

50t,--
36J Silol  

I 

20 «l IO IO 
P&reentil& of Silff 

0 20 ,oo 0 

Figure 3-3. Cumulative frequency diagrams of concentrations of six furan congeners in fish 
tissue. Points display values above detection. The bars along the x axis indicate 
values below detection (ND). The total number of sites is also listed on the 
graph. Concentrations used are maximum values at each site. 

100 

26 



TABLEa3-2 
1989 Toxicity Equivalency Factors 

Compound 
Mono-, Di-, and Tri-CDDs 

2,3,7,8 TCDD 
OthereTCDDs 0 

2,3,7,8 PeCDD 0.5 
Other PeCDDs 0 

2,3,7,8 HxCDDs 0. 1 
Other HxCDDS 0 

2,3,7,8 HpCDD 0.01 
Other HpCDDs 0 

OCDD 0.001 

Mono-, Di-, and Tri-CDFs 0 

2,3,7,8 TCDF 0.1 
OthereTCDFs 0 

1,2,3,7,8 PeCDF 0.05 
2,3,4,7,8 PeCDF 0.5 

Other PeCDFs 0 

2,3,7,8 HxCDFs 0.1 
Other HxCDFs 0 

2,3,7,8 HpCDFs 0.01 
Other HpCDFs 0 

OCDF 0.001 

TEFs/89 
0 

Reference: Barnes et al., 1989. 
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Comparison of TCDD and Other Dioxin/Furan Compounds 

A comparison by site was made to determine whether any correlations existed between 
2,3,7.8 TCDD and detectable levels of the other congeners. This comparison indicated that in most 
cases detected levels of other dioxin/furan isomers did not occur without detectable levels of 2,3, 7 ,8 
TCDD. The principal exception occurred for four congeners, penta-dioxins and furans and 2,3,7.8. 
TCDF, in less than 15 percent of the samples. Correlation plots of 2,3,7,8 TCDD versus 2 ,3,7,8 
TCDF in the same sample were made to see whether there was a quantitative relationship between 
these congeners. No such predictive relationships were found based on linear or higher order 
regressions for these or the other congeners. 

GEOG RA PHI CAL DISTRIBUTION 

The geographical distribution of dioxin and furan levels in fish tissue from the sites sampled 
is indicated on maps of the continental United States, Alaska, Hawaii, and Puerto Rico, showing 
the ranges of observed concentrations by site for 2,3 ,7,8 TCDD, for 2,3,7,8 TCDF, and for TEC. 
(Concentration ranges for these and all other maps were selected to identify locations with the higher 
concentrations and for ease of presentation. The first concentration range usually represents values 
up to the limit of quantification. )  The maps depict the maximum values measured at a given location 
among all species sampled. In most cases. this was a whole-body sample. The maximum fillet 
concentration was used where no whole-body concentrations were available or where the highest 
value at a site was a fillet value. The number of cases where fillet data were used as the maximum 
value is shown on the maps. The specific type of sample at a particular site can be detennined using 
the episode number from the site matrix (Appendix B-3) and the data tables in Appendix D. 

Comparison of the maps for 2,3,7,8 TCDD (Figure 3-6) and 2,3,7,8 TCDF (Figure 3-7)
shows that both are detected at many of the same sites. For example. Ship Creek in Anchorage near 
a fonner salvage yard with PCB contamination, now a Superfund site, had a 2,3 ,7,8 TCDF 
concentration of 3. 1 pg/g, 2,3,7,8 TCDD of 0.5 1  pg/g, and TEC of 0.9 1  pg/g. However, 2.3 ,7,8 
TCDF was detected at high concentrations at more sites. The percent of sites greater than 10 pg/g 
was 1 3  percent for 2,3,7.8 TCDD and 23 percent for 2,3.7,8 TCDF. Comparison of the map for 
2 ,3,7,8 TCDD and TEC shows a similar pattern, and that there are some sites where the TEC value 
is greater than 1 pg/g due lO the presence of additional congeners (Figure 3-8). 

SOURCE CORRELATION ANALYSIS 

Sources Located Near Hi2hest Concentrations 

Information on the types of point and nonpoint sources in the vicinity of  each site was 
obtained from the selection criteria in the original study workplan, from the sample collection fonns, 
and from information provided by EPA Headquarters, Regional Coordinators, and State staff 
involved in collecting the samples. Using these descriptions, a site matrix was prepared showing 
whether the site had been designated as a targeted site or a background site, or was one of the sites 
that had been selected from the USGS NASQAN (Appendix B-3). For targeted sites, the matrix 
indicates the predominant types of sources present and other available information. 
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Cone. 
pg/g(ppt) 

Tetra-Dioxins/Furans 

The sites with the top 10  percentile concentrations (39 out of 388) were identified for each 
of the dioxin and furan congeners studied. Sites near paper and pulp mills using chlorine for 
bleaching accounted for 28 out of the top 39 sites for 2,3,7 ,8 TCDD and 3 1  out of the top 39 sites 
for 2.3,7,8 TCDF. For both 2.3,7,8 TCDD and 2,3.7,8 TCDF, four of the top five sites are located 
near pulp and paper mills using chlorine. The fifth and highest concenlration site (3078) for 2,3,7 ,8 
TCDD is located near a Superfund site with known dioxin contamination. The fifth and highest 
concentration site (3 162} for 2,3,7 ,8 TCDF is located in a heavily industrialized area with a pulp 
and paper mill and a Superfund site in the vicinity. The top five sites for both compounds are shown 
below: 

2 ,3 ,7,8 TCDD 

Cone. 
pg/g (ppt) 

Episode
Number Type of Sample Location 

203.6 
1 60.4 
1 43.3 
1 04. 1 
98.9 

3078 
3425 
3346 
3348 
3340 

WB Sm Buffalo 
WB Carp 
WB Creek Chubsucker 
WB Blue Catfish 
WB Channel Catfish 

Bayou Meto, Jacksonville, AR 
Wham Brake, Swartz, LA 
Roanoke R., Plymouth, NC 
Sampit R., Georgetown, SC 
Leaf R., New Augusta, MS 

2,3,7,8 TCDF 

Episode
Number Type of Sample Location 

403.9 3 162 Hepatopancreas crab Hylebos Waterway, Tacoma, WA 
320.7 3221 WB Carp Columbia R., Walla Walla, WA 
273.8 3395 WB Redhorse Sucker Neuse R., New Bern, NC 
261 .3 3087 WB Carp Wham Brake, Swartz, LA 
207.5 272 1 WB Sucker Androscoggin R., Turner Fa.Us, l\.1E 

The above sites with the highest 2,3,7,8 TCDD concentrations also had the highest TEC 
values. Other sources near the remaining top 10  percentile sites included historical PCB concamina
tion, chemical manufacturing plants, automobile manufacturing, a refinery, and an incinerator. 
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Penta-Dioxi ns/Furans 

The sites with the highest 1 0  percentile concentrations for I .2,3,7,8 PeCDD were near a 
variety of sources. Sites near paper mills using chlorine for bleaching accounted for 1 3  out of the 
39  sites. Sites near Superf und waste disposal areas accounted for 8 sites, 4 were former wood 
preserving plants, 2 had PCB contamination, 1 had dioxin contamination. and 1 was a former dump 
with an unknown mixture of chemicals. Six of the sites were located near chemical manufacturing 
plants. The top 5 out of 385 sites are listed below: 

1 ,2 ,3 ,7,8 PeCDD 

Cone. 
pg/g (ppt) 

Episode 
Number Type of Sample Location 

53.9 
27.2 
22.4 
1 5.9 
1 4. 3  

3355 
3098 
3 14 1  
3 1 62 
2290 

WB Carp 
WB White Sucker 
WB Carp 
Hepatopancreas Crab 
WB Spotted Sucker 

Old Mormon Slough, Stockton, CA 
Red Clay Cr., Ashland, DE 
Milwaukee R., Milwaukee, WI 
Hylebos Waterway, Tacoma, WA 
Savannah R., Augusta, GA 

The highest concentration was from a site located on lhe San Joaquin River system near a 
former wood preserving plant, now a Superfund site. This site also had the highest concentrations 
of  four other dioxin/furan congeners ( l ,2,3 ,4,7,8 HxCDD; 1 ,2,3,7 ,8 ,9 HxCDD; 1 ,2,3,4,6,7,8 
HpCDD; and 1 ,2,3,4,7,8,9 HpCDF) and was one of the top five sites for three other congeners 
( 1 ,2,3 ,6,7,8 HxCDD; 1 .2,3,6,7,8 HxCDF; and 1 ,2,3,4,6,7,8 HpCDF). Of the next four sites, one is 
near a dump, one is near a highly industrialized area with known PCB contamination, and two are 
near paper miils. High levels of other congeners were detected at these locations as well. 

The top 10  percentile sites out of 387 for the PeCDFs included those near paper mills using 
chlorine for bleaching ( 1 9  out of 39 for 1 ,2,3,7,8 PeCDF and 9 out of 34 for 2,3 ,4,7 ,8 PeCDF), 
chemical/pesticide manufacturing plants, Superfund sites, and refineries (allhough other industries 
were often present). As shown below, three of the top five sites for both of these congeners are the 
same (3 1 62, 3 1 63 ,  and 3085). 
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54.3 

pg/g ppt) (

1 ,2.3,7,8 PeCDF 

Con. Episode 
pg/g(ppl) Number Type of Sample Location 

1 20.3 3 162 Hepatopancreas Crab Hylebos Waterway, Tacoma. WA 
68.4 3 163 Hepatopancreas Crab Commencement Bay, Tacoma, WA 

3206 Crayfish Willamette R., Portland, OR 
20.3 3085 PF Back Drum Brazos R. Freeport, TX 
1 7 .2 2290 WB Spotted Sucker Savannah R., Augusta, GA 

2,3,4,7 ,8 PeCDF 

Cone. Episode 
Number Type of Sample Location 

56.37 3 162 Hepatopancreas Crab Hylebos Waterway, Tacoma. WA 
45.5 1 3085 WB Sea Catfish Brazos River. Freeport, TX 
42.58 3299 WB White Sucker Niagara River, N. Tonawanda, NY 
34.48 3 163 Hepatopancreas Crab Commencement Bay, Tacoma, WA 
33.25 3086 WB Catfish Bayou D'Inde, Sulfur, LA 

The two sites near Tacoma are in a heavily industrialized area with paper mills. refineries, 
and other industries that have been designated as one Superfund site. This site also had the highest 
concentration of 2,3,7,8 TCDF and of two hexa-furans. The Brazos River site is close to the outfall 
of a pesticide manufacturing plant. The other two sites listed are also near chemical manufacturing 
plants. 

Hexa- and Hepta-Dioxins/Furam 

The major sources near the top 10 percentile sites for the hexa- and hepta-dioxins included 
wood preserving plants, paper mills, Superfund sites, and chemical manufacturing plants. Three of 
the top five sites (3355, 3 167, and 3 185) are near wood preserving plants or former plants, one is 
near multiple urban/industrial sources (3444) and the remainder are near paper mills (Table 3-3) . 

The major sources at the top 10 percentile sites for the hexa- and hepta-furans were similar 
to the hexa-dioxins, except that HCB contamination appears to be an important potential source for 
HxCDFs. Several of the sites had high levels of more than one congener. The top five sites out of 
379 listed in Table 3-4 for 1 ,2,3,7,8,9 HxCDF were the only ones with detectable levels of this 
compound. Only 14 sites out of 353 had detectable levels of 1 ,2,3,4,7,8,9 HpCDF. The most 
common sources near the sites with detectable concentrations of HxCDFs and HpCDFs were paper 
mills using chlorine for bleaching, Superfund sites, and chemical manufacturing sites. 
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3 3 55 

3 377 

3 355 

3 3 55 

TABLES3-3 
Location of Maximum Measured HxCDD and HpCDD Concentrations in Fish Ti�ue 

Maximum 
Concentration Episode 

Compound pg/g Number Type of Fish Location 

1 2 3478 HxCDD 
( 375 sites )•  37.6 WB Carp Old Mormon Slough, Stockton, CA 

14 . 3  
1 1 .6 
9.9 
8.7 

3 167 
2 304 
3092 
3444 

WP Bluegill 
WB Carp 
WB Carp 
WBnCarp 

Medlins Pond, Morrisville, NC 
Alabama R., Claiborne. AL 
Dugdemona R., Hodge. LA 
Nonconnah Creek. Memphis, TN 

1 2 3678 HxCDD 
(375 sites) 100.9 

89.nl 
2290 
3 3 55 

WB Spotted Sucker 
WB Carp 

Savannah R .• Augusta. GA 
Old Mormon Slough. Stoclcton, CA 

50.8 
47. 3  

3 185 WB Channel Catfish Bernard Bayou, Gulfport. MS 
WB Carp Chattahoochee R .• Franklin, GA 

4 1 .9 3 376 WB Carp Chattahoochee R .• Whitesburg, GA 

1 2 3789 HxCDD 
(375 sites) 24.8 WB Carp Old Mormon Slough. Stockton, CA 

9.5 3 185 WB Channel Catfish Bernard Bayou, Gulfport. MS 
8.5 3 167 WP Bluegill Medlins Pond, Morrisville, NC 
7.8 3 377 WB Carp Chattahoochee R., Franklin, GA 
6.8 3098 WB White Sucker Red Clay Cr., Ashland, DE 

1 2 34678 HpCDD 
(354 sites) 249 . l  WB Carp Old Mormon Slough, Stockton, CA 

17 1 .0 3 377 WB Carp Chattahoochee R., Franklin, GA 
1 50.8 3444 WBnCarp Nonconnah Creek. Memphis, TN 
141 . 2  2 290 WB Spotted Sucker Savannah R., Augusta. GA 
1 38 . l  3 376 WB Carp Chauahochee R., Whitesburg, GA 

• Number sho\\lll is total number of sites. 
WB = whole-body bottom-feeding composite sample. 
PF = predator fillet composite sample. 
WP = whole-body predator composite sample. 
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45.3 
37.9 

3355 

3206 

TABLEo3-4 
Location or Maximum Measured HxCDF and HpCDF Concentrations in Fish Tissue 

Muimua 
Concentration Epiwle 

Compound l!rll Number Type olftdi Location 

123478 HxCDF 
(379 sitcst 3162 Hepatopanacas Crab Hylebos Waterway, Taooma, WA 

3297 WB Carp Niagara R., Niagara Falls, NY 
2410 WB Carp34.3 Rouge R., River Rouge, MI 

30.8 3299 WB White Sucker Niagara R., N. Tonawanda, NY 
20.0 3086 WB CatfJSb Bayou D'Jnde, Sulfur, IA 

123678 HxCDF 
(379 sites) 30.9 3162 Hepatopaoaeas Crab Hylcbos Waterway, Tacoma. WA 

16.2 3085 WB Sea catfwh Brams R., Freeport, TX 
14.0 3301 WB Carp Eighteen Mile Cr., Olcott, NY 

123789 HxCDF 

13.8 3297 
13.1 

WB Carp Niagara R., Niagara Falls, NY 
WB Carp Old Mormon Slough, Stockton, CA 

(3n sites) 0.96 3085 WB Sea Catfish Brams R., Freeport, TX 
0.51 3150 WB White Sucker Ottcc R., Baldwinville, MA 
0.44 31 12 WB Mis.smippi R., Little Falls, MN Carp

Carp 
Crayfish 

0.41 3107 WB Wwa>osin R .. Brokaw, WI 
0.23 

234678 HxCDF 
Willamette R., Portland, OR 

(379 sites) 19.3 3167 WP Bluegill Mcdlim Pond. Morrisville, NC 
1 1.8 3185 WB Cbamclneatmh Bernard Bayou, Gulfport, MS 

9.6 2290 WB Spot� Suc:ker Savannah R., Au� GA 
8.4 2225 WB Sborthcad Rcdhorse James R., GI.a,gow, VA 
7.8 2383 WB Carp Dea Plaines R., I..odq,ort, IL 

1234678 HpCDF 
(353 sites) 58.3 3167 WP Bluegill Mcdlim Pond, Morrisville, NC 

29.4 3185 WB Channel Cat&h Bernard Bayou, Gulfport, MS 
25.7 3086 WB Catfish Bayou D'lndc, Sulfur, I.A 
25.4 3355 WB Carp Oki Mormon Slough, Stockton., CA 
16.4 33TT WB Carp Qiattahoochce R., Franklin, GA 

1234789 HpCDF 
(353 sites) 2.57 3355 WB Carp Oki Mormon Slough. Stockton, CA 

1.76 3206 Crayfilb Willamette R., Portland, OR 
1.26 3085 WB Sea Catfish Brams R., Freeport, TX 
0.97 33TT WB Carp Chattahoochee R., Franklin, GA 
0.91 3376 WB Carp Cllattaboochec R., Whitesburg. GA 

• Number shown is row number of sites. 
WB • whole-body bottom-feeding composite sanp!e. 
PF = predator fillet composite sample. 
WP • whole-body predator composite sample. 
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Concentration Comparison Between Site Categories 

Description of Categories 

The point and nonpoint source categories used for the dioxin/furan comparisons were 
background sites (B) ;  sites selected from the USGS NASQAN (NSQ); Superfund sites (NPL); sites 
near pulp and paper mills that use chlorine for bieaching (PPC); sites near other types of pulp and 
paper mills (PPNC);  sites near former or existing wood preserving plants (WP) ;  sites near industrial 
or urban areas (IND/URB) ;  sites near industrial areas that include refineries with catalytic reforming 
operations (R/1) ; sites that could be intluenced by runoff from agricultural areas (AGRI); and sites 
near publicly owned treatment works (POTWs). The two broad categories, industry/urban and 
refineriesiolher industry, resulted from a substantial number of sites having multiple point sources. 
With the exception of background and NASQAN sites, categories were established based on 
probable sources of various pollutants including dioxins, furans, and pesticides. Background sites 
were selected to provide a comparison with areas relatively free of point and nonpoint source 
pollution; however, some background sites do have other source categories present. NASQAN sites 
were selected to evaluate the geographic extent and prevalence of fish contamination throughout 
the country rather than to identify specific sources of this contamination. 

Sites would, in general, be included in statistical tests (described below) only if a single 
potential source of contamination existed at the site. The intent was to determine whether 
concentrations would differ at sites with different sources. Multiple sources were excluded so as 
not to infer a correlation with a given source when in fact the high contamination levels were due 
to the contribution of another type of source. The number of sites per category varied for 
dioxins/furans and other xenobiotics. Two categories (POlWs and agricultural areas) would not, 
as data on these sites confirm. be expected to significantly impact overall dioxin/furan contamination 
of fish. Accordingly, the presence of these categories would not preclude a site from being
designated as a single category site for purposes of statistical analysis for dioxins/furans. For 
xenobiotics, no such "override .. was included in the analysis of data. 

Below is a listing of the number of sites included in each category for dioxins/furans. A 
similar table is presented in Chapter 4 for xenobiotics. Category data were not available for each 
site . 

Number 
Category Abbreviation of Sites 

Background
USGSaNASQAN 
Paper Mills using Chlorine 
Other Types of Pulp and Paper Mills 
Wood Preserving Plants 
Refineries/Other Industries 
NPL (Superfund Sites) 
Industry/Urban 
Agriculture
Publicly Owned Treatment Works (POTW) 

B 
NSQ 
PPC 
PPNC 
WP 
R/1
NPL 
IND/URB
AGRI 
POTW 

34 
40 
78 
27 
1 1  
20 
7 

106 
1 9  
1 1  
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Statistical Comparison Tests 

To compare observed concentrations between site categories, box and whisker plots were 
prepared for the tetra- and pen ta-dioxins individually and for total hexa-dioxins and total hexa-furans 
and TEC values. A schematic box and whisker plot is shown in Figure 3-9. The box shows the 
spread of the data between the 25th percentile and the 75th percentile. The line inside the box 
represents the median concentration. The "whiskers" or lines extend down to the 1 0th percentile 
and up to the 90th percentile. The circles above or below the line represent the extreme upper and 
lower 1 0  percent of the data. The maximum value of all samples at each site, including the 
duplicates, was used. For dioxins/furans. values below detection have been replaced by one-half 
the detection limit prior to detennining the maximum value except for total HxCDDs and total 
HxCDFs. For these plots the values below detection were assigned a value of :zero because detection 
limits were often high. The summary statistics for each category are shown beneath the plot. 

Because the data sets consist of highly-skewed non-normal distributions. nonparametric 
statistical methods were used to test the significance of the results. The Kruskal-W allis test is a 
one-way nonparametric analysis of variance used to determine whether concentrations from three 
or more categories are from different populations or whether the observed differences could be due 
to random variations of the parameters. The test is based on a comparison of ranks (order of the 
observations, i.e. ,  highesta= 1 ,  next highesta= 2, etc.). The results are presented as an H statistic and 
a probability (p) that the sets of samples are from the same population (null hypothesis). This value 
p is then compared to a critical level. For this study a level of significance of 0.05 was used. If the 
p values for a comparison of categories are less than 0.05, the two categories are considered to be 
significantly different This test is analogous to the F test for parametric data, but less powerful. 
The Kruskal-Wallis test is preferred over a test using only the median, because it considers the 
distribution of the data as well as the median. 

The Mann-Whitney U test is a nonparametric equivalent of the "t" test. The U test is also 
based on ranks. This statistic was used to test for significant differences in concentrations between 
two categories (e.g., background sites and agricultural sites). The U statistic is calculated and the 
probability that the two sets of samples are from the same population is tabulated. A critical level 
of 0.05 was used as the level of significance in this study. If the probability for a two-way 
comparison was less than 0.05, the null hypothesis was rejected (i.e., the two categories being 
compared are significantly different). 

Site Category Comparisons 

Tetra -Dioxins/Furans 

Pulp and paper mills using chlorine appear to be the dominant source of 2,3. 7 ,8 TCDD. The 
paper mills using chlorine had the highest median concentration (5.66 pg/g) compared to 1 . 82 pg/g 
for refinery/other industry sites and 1 .27 pg/g for Superfund sites (Figure 3-1 0). Statistical com
parisons based on the Mann-Whitney U tests (Table 3-5) showed that pulp and paper mills using 
chlorine had significantly higher concentrations than other paper mills, wood preserving operations, 
Superfund sites, industry/urban sites, or refineries/other industries. As would be expected, the box 
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Summary Table for 2,3,7,8 TC00 Box Plot 

Concentration 
Range

Site Category n pg/g Mean Stan. Dev. Median 

NASQAN (NSQ) 40 0 . 17- 4.73 1 .02 1 .02 0 .65 
Background (B) 34 0.060- 2.26 0.56 0.38 0.50 
Paper Mills Using Cl (PPC) 78 0.55 - 1 60.4 19.02 30.64 5.66 
Other Paper Mills (PPNC) 27 0.48 - 7. 15  2. 1 7  2.21 1 .09 
Refinery/Other Industry (R/1) 20 0.50 - 21 .55 4.38 5.88 1 .82 
Superfund Sites (NPL) 7 0.62 - 203.6 30.02 76.54 1 .27 
Wood Preservers (WP) 1 1  0.21 - 7.30 1 .40 2.08 0.56 
lndustriaVUrban Sites ( IND/URB) 1 05 0. 1 0  - 56.34 4.04 8.05 1 .40 
POTW 8 0 . 18  -2.24 0.90 0.76 0.63 
Agricultural (AGRI) 1 7  0.20 - 1 .78 0.75 0.39 0.58 

n • number of sites in category. Maxirrum value at each site was used. One-haH the detection limit was 
used for values below detection. Sites were assigned to only one category. 

Figure 3-10. Box and whisker plot for 2,3, 7,8 TCDD concentrations in fish tissue. 
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M .ann-W hi tncy U Test Results for Dioxins Fur.an Com p.aring Selected Sou rce C.ategories 

K ruskal-Wallis Man n-Whitney 

I Nl>/U R H, R/1 ,  
All Groups N l'L, l'l'C, l'l'C, INU/ l' I'(' 

C hem ical Exceft N SQ Pl'NC  WP l'l'l' H l'l'C1 W I' PPC l'l'NC PPC IVI Pl'C, NPL U IUJ POTW l'l' C AG
1 1 1 1 1 

2,3, 7 ,8-TCDD .0001 .0001 .0001 .0001 .0001 .0032 .0348 .tKXlel .000 1 .0001 
2,3,7 ,8-TCDF .0001 .0001 .0001 .000 1 .0001 _(XX)X) .053.1 .000 1 .C)(XJ I .(XXJ 1 
2,3,4, 7,8-PcCDF .0001 .0003 .0001 .0004 .0099 .088 1 .3538 .4096 _()(XJ2 .0001 
1 ,2,3,7,8-PeCDF .0001 .0352 .0001 .0252 .0779 .3733 .5650 .2948 .00o5 .0005 
1 ,2,3,7,8-PcCDD .0001 .087 1 .0001 .0274 . 1 02 1  .4890 .9809 . 1 389 .0225 .0025 
HxCDDs .O(X)l .0001 . 1 299 .6976 .7377 .73 1 1 .0493 .oon .0044 
HxCDFs .001 3  .4981 .0007 .7553 . 1 166 .2724 .8479 .96 1 2  .0220 .0249 
TEC .0001 .0001 .000 1 .0003 .0001 .0400 . 1 692 .000 1 .000 1 , ()00 I 

Ma  nn-Whitney 

WI', I NI>/ W I', 
Chem ical W P  B W l' l'PNC W l' K/1 WP  N PL URR  l'OT W W l' AG

1 1 1 1 1 

2,3,7,8-lCDD .096 1 . 1 567 .0 1 32 .05 1 5  .0 102 .8365 .8878 
2,3,7,8-TCDF . 1 956 .002 1 .01 1 8  .0098 .0002 ..1 263 
2,3,4, 7 ,8-PeCDF . 1 780 . 1 303 .0002 .0032 .0053 .4328 .638 1  

.0846 
.283 1 .45 1 7  
.283.1 .9250

1 ,2,3,7,8-PeCDF .3485 .2337 .0036 .0236 
l ,2,3,7,8-PeCDD .7760 .2337 .02 19  . 1 473 
HxCDDs .061 7  .3424 .2477 .2976 .5406 .0265 .5885 
HxCDFs . 1 .1 1 .5 .5302 .4090 .89 1 9  .7808 . 1 604  .2690 
TEC . 1696 .0974 .0287 .0774 .02 1 5  .5633 .9250 

Values shown are 1wo-tail probabililies 1hat groups arc different. The critical kvd was set at 0.05. If p<0.05, the cat.:gorics were consiJcr.:J to he signifi.:antly Jifkr�nt. 

Sj1e CA1c&ories; 
IND/URB = Industry and/or Url>an NS(J N;1tional ;1mbicnt stream 111on11oring n.:lwork. ("!his Jc�ignallon is inJ.:pcnJcnl ul sour.:c .:alcgoncs.) 
AG = Agricul1ure WI' Wood preserving related acti..-itics 
B Background l'l'C = Paper and pulp mills using chlonnc for bleaching 
NPL = National Priority Lisi (Supcrfund site) l'l'NC Other paper and pulp mills induJing Jcinking p!Jnts 
P01W Publicly Owned Trcatmi:nt Works (scwagi:) 

= Refines using catalyuc rdonning prucc:s� and other industry R/1 
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plot for combined dioxins/furans based on TEC values (Figure 3- 1 1 ) also shows that pulp and paper 
mills using chlorine have the highest median concentration. 

The highest median concentration of 2,3,7,8 TCDF was 14.0 pg/g at pulp and paper mills 
using chlorine (Figure 3- 12). The next highest median values were 3.6 pg/g for other pulp and paper 
mill sites and 3 .5 pg/g for Superfund sites. Pulp and paper mills using chlorine also had a 
substantially higher mean concentration of 2,3,7,8 TCDF than any of the other categories, 39.2 pg/g, 
compared to 7 .2 pg/g for the next highest category, Superfund sites. The Mann-Whitney U tests 
showed that with the exception of Superfund sites, pulp and paper mills using chlorine had 
significantly higher concentrations of 2.3,7,8 TCDF than other categories. A Mann-Whitney U 
comparison of pulp and paper mills using chlorine with Superfund sites results in a value that only 
slightly exceeds the 0.05 critical value. The similarities between the categories are due in part to 
the fact that there are only a few (i.e ., 7) Superfund sites used in the analysis. 

Penra-Dioxins/furans 

For 1 ,2,3,7,8 pentachlorodibenzodioxin ( 1 ,2,3,7,8 PeCDD), there were several significant 
sources of contamination. including pulp and paper mills, Superfund sites, industry/urban sites, and 
refinery/other industry sites (Figure 3- 13  }. The highest median was for paper mills using chlorine 
at 1 .52 pg/g; refinery/other industry had the next highest at 1 .35 pg/g followed by 1 .09 pg/g for 
industrial/urban. The highest concentration (27 .5 pg/g) was found in the industrial/urban category 
with the highest mean (3.3 pg/g) found in the refinery/other industry category. Mann-Whitney U 
tests comparing pulp and paper mills using chlorine with Superfund sites, other paper mills, 
refinery/other industry sites, and industry/urban sites showed no significant differences (Table 3-5). 

For both 1 ,2,3,7,8 and 2,3,4,7,8 penta-furans, the highest median concentration was found 
at Superfund sites (Figures 3- 14 and 3-15). A review of the median values for other categories 
indicates that there is no dominant source foreitherofthese penta-furancongeners. This observation 
is confirmed by the Kruskal-Wallis test for 1 ,2,3,7,8 PeCDF and by the Mann-Whitney U tests for 
2,3 .4,7.8 PeCDF (Table 3-5). 

Hexa-Dioxins/Furans 

For hexa-dioxins the highest median concentration. 3. 1 9  pg/g, occurred at paper mills using 
chlorine. Median values (Figure 3- 16 ) for the next two highest source categories (refinery/other 
industry and Superfund sites) were approximately the same at 1 .97 and 1 .94 pg/g. respectively. A 
Kruskal-Wallis test (Table 3-5) for paper mills, refinery/other industry sties. industriaVurban sites, 
Superfund sites, and wood preservers showed that none of the sources was significantly different 
from the others with regard to fish contamination. Values below detection were set at zero for the 
hexa-dioxin and hexa-furan box plots because the detection limits were often higher than the 
measured concentrations. 

For hexa-furans, the source category with the highest median concentration is refinery/other 
industry (Figure 3- 17). This category is followed by industriaVurban and Superfund sites. The 
Kruskal-Wallis test (Table 3-5 ) shows that no single category is significantly different from all 
others with regard to hexa-furan fish contamination. 
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Summary Table for TEC Box Plot 

Concentration 
Range

Site Category n Mean Stan. Dev. Median �g 

N D- 7.1 8 1 . 1 2  1 .87 0 . 1 6  
34 ND- 3.02 0 .59 0.9 0.21

NASOAN (NSO) 
Background (B) 

0.4- 1 84.24 25.84 36.90 1 0.62 Paper Mills Using Cl (PPC) 
Other Paper Mills ( PPNC) ND- 28.9 

20 ND- 30.22 8.89 8.64 6.81Refinery/Other lndustry(R/1) 
Superfund Sites (NPL) 7 0 . 13- 213.05 33.86' 79.06 
Wood Preservers (WP) 1 1  0.01 -24.84 4.34 8.36 

1 05 N0- 61a.07 7.79 1 2.54 3.26 lnd:JstriaVUrban Sites ( IND/URB) 
POTW 8 0.03- 2.24 0.70 0 .92 0. 1 2  
Agricultural (AGAI) 1 7  ND- 4.44 1 . 1 9  

N D  .. TEC value not determined because all values below detection. Maximum value at each site was used. 
Sites were assigned to only one category. 

Figure 3-1 1 .  Box and whisker plot for TEC concentrations in fish tissue. 
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Summary Table for 2,3,7,8 TCDF Box Plot 

Concentration 
Range

Site Cate92!Y: JL �g Mean Stan. Dev. Median 

NASOAN (NSQ) 40 0.1 9  • 1 6.61 2.1 1 3.66 0.68 
Background (B) 34 0.1 0 • 1 3.73 1 .6 1  2.5 1 0.90 
Paper Mills Using Cl (PPC) 78 0.26 • 320.69 39.20 66. 18  14.04 
Other Paper M ills (PPNC) 27 0.25 • 55.75 6.42 1 0.72 3.61 
Refinery/Other Industry (R.11) 20 0.24 • 23.36 3.62 5. 1 6  1 .9 1  
Superfund Sites (NPL) 7 0.56 • 21..23 7.23 8.62 3.48 
Wood Preservers (WP) 1 0  0.1 8  • 8.84 1 .3 1  2.54 0.39 
Industrial/Urban Sites (IND/URB) 1 05  0.24 • 61 .58 5.93 9.49 2.90 
POTW 8 0.24 • 2.00 0.94 0.72 0.79 
Agricuttural (AGRI) 1 7  0. 1 9  • 1 9.28 2.21 4.52 0.84 

n = number of sites in category. Maxirn.,m value at each site was used. One-half the detection limit 
was used for values below detection. Sites were assigned to only one categoty. 

Figure 3-12. Box and whisker plot tor .2,3,7,8 TCDF concentrations in ftsh tissue. 
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Summary Table for 1 ,2,3, 7,8 PeCDD Box Plot 

Concentration 
Range 

n Mean Stan. Dev. Median pg/gSite Category 

NASOAN ( NSQ) 39 0.36-5.41 1 .53 1 .24 0 .90 
Background (B) 33 o. 1 5-2.67 o.n 0.54 0 .54 
Paper Mills Using Cl (PPC) 78 0.25-12 .48 2.37 2.72 1 .52 
Other Paper Mills (PPNC) 27 0.45- 12 .38 2.22 3 . 19  0 .68 
Refinery/Other Industry (R/1 )  20 0.4&1 6.80 3.28 4 . 1 7  1 .35 

7 0.46-1 2.62 Supertund Sites (NPL) 
Wood Preservers (WP) 

3.01 
1 1  0 .28-1s1 .50 2.01 3.51 0 .52 

2.32 3.93 1 .09 Industrial/Urban Sites ( IND/URB) 1 05 0.20-27.56 
POTW 8 0.46-0.88 0.75 0 . 18s. 0 .84 
Agricultural (AGAI) 1 7  0.46-3.54 0.92 0 .84 0 .62 

n "'  number of sites in category. Maximum value at each site was used. One-half the detection limit was 
used for values below detection. Sites were assigned to only one category. 

Figure 3-13 .  Box and whisker plot for 1 ,2,3 ,7,8 PeCDD concentrations in fish tissue. 

47 

1 .00 

https://0.46-3.54
https://0.46-0.88
https://0.20-27.56
https://0.46-12.62
https://0.4&16.80
https://0.45-12.38
https://0.25-12.48
https://0.36-5.41


54.3  

t 
25 

20 0 

1 5  

..- 1 0  
8 0 

0 
0 • 

0 
0 

0 6 
• 

NSQ B PPC PPNC RI NPL WP IND/URB POTW AGAI 

� 

� 

Summary Table fOI" 1 ,2 ,3,7,8 PeCOF Box Plot 

Concentration 

Site CateQOrV Jl. 
Range
PQl"a Mean Stan. Dev. Median 

NASQAN {NSQ) 
Background (B) 
Paper Mills Using Cl (PPC) 
Other Paper Mills (PPNC) 
Refinery/Other Industry (R/1) 
Superfund Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites (lNO/URB) 
POTW 

40 
34 
78 
27 
20 

7 
1 0  

1 04  
8 

0. 1 6 .- 1 ..69 
0. 1 0  • 1 .90 
0.30 • 9.08 
0.22 • 3.09 
0.38 • 4.47 
0.39 • 2.96 
0.39 • 1 .3 
0. 1 3  • 54.32 
0. 16 .- 0.51 

0.48 
0.43 
1 .43 
0.80 
1 . 1 8  
1 . 1 8  
0.51 
1 .73 
0.38 

0.33 
0.31 
1 .88 
0.83 
1 .07 
0.97 
0.28 
5.74 
0.1 0  

0 .39 
0.39 
0.58 
0.40 
0.66 
0.7 1 
0.39 
0.50 
0.38 

Agricultural (AGRI) 7 0 .20 • 0.89 0.43 0. 1 8  0.38 

n s number of sites in catepy. Maxirrum value at each site was used. One-half the detection 
fimit was used for values below detection. Sites were assigned to only one category. 

Figure 3-14. Box and whisker plot tor 1,2,3,7,8 PeCDF concentratiom on fish tissue. 
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Sunwnary Table for 2,3,4, 7,8 PeCDF Box Plot 

Concentration
Range

Site Cat&9Qn'. .!L eglg Mean Stan. Dev. Median 

NASQAN (NSQ) 40 0.16 - 4 . 1 1 0.78 0.79 0.46
Background (B) 34 0.1 0  • 1 .39 0.50 0.36 0.42 
Paper Mills Using Cl (PPC) 78 0.25 - 20. 14  2.92 4.04 1 .37 
Other Paper Mills (PPNC) 27 0.40 - 10.21 1 .7 1  2.55 0.59
Refinery/Other Industry (R/1) 20 0.42 - 33.25 5.44
Superfund Sites (NPL) 0.48 • 7.53 2.93 

2.32 
7 2.37 2.73 

Wood Preservers (WP) 1 0  0.42 • 1 .43 0.63 0.40 0.42
lndustriaVUrt>an Sites (IND/URS) 1 04  0. 1 3  • 45.51 4.09 8.27 0.98
POTW 8 0.16  • 0.59 0.42 0.1 3 0.44
Agricultural (AGRI) 1 7  0. 1 5  • 1 .02 0.53 0.26 0.42 

n • number of sites in categoty. Maximum value at each site was used. One-half the detection 
limit was used for values below detection. 

Figure 3-15. Box and whisker plot ror 2,3,4,7,8 PeCDF concentrations in ftsh tissue. 
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Summary Table for Total HxCDDs Box Plot 

Concentration 
Range

Site Category n Mean Stan. Dev. Median- pg/g 
NASQAN (NSQ) 37 ND -13.91 1 .73 2.94 0.51 
Background (8) 30 NO - 3.57 0.39 0.80 NO 

9.23
Paper Mills Using Cl (PPC) 
Other Paper Mills (PPNC) 

78
27 

3.01 9  ND - 42.98
ND0· 63.35 

6.66 
1 6.77 1 .25 

1 .97 
1 .94 

Refinery/Other lndustry(R/1) 20
7 

NO - 35.1 7 5.54
2.96Superfund Sites (NPL) NO - 9.07 2.99 

Wood Preservers (WP) 1 1  ND -60.1 0  7.04 1 7.90 0.71 
Industrial/Urban Sites (IND/URB) 1 00 NO0• 28.4 3.60 5.49 1 . 14  
POTW 7 NO ND ND ND 
Agricultural (AGRI) 1 7  NO - 13.79 1 .63 3.38 0.44 

n • number of sites in category. Maxirrum value at each site was used. Sites were assigned to only one 
category. ND0• limit of detection, here set at 0.0. 

Figure 3-16. Box and whisker plot for total HxCDDs concentrations in fish tissue. 
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Summary Table for Total HxCDFs Box Plot 

Concentration 
Range

Site Category n PQ/S Mean Stan. Dev. Median 

1 .2 1  ND 
0.66 ND 

NDa- 5. 1 1 
29 NOa· 2.59 0.22 

1 .74 3 . 1 1 
Background (B) 
Paper Mills Using C l  (PPC) NDa· 1 6.75 

1 .94 4 . 1 6  N D27 NDa· 1 2.93 
1 .05 

Other Paper Mills (PPNC) 
Refinery/Other lndustry(R/1) 20 NDa· 22.46 

7 ND · 6.08 1 .22 2.22 0 .4 1  Supertund Sites (NPL) 
Wood Preservers (WP) 1 1  ND · 40. 1  4.42 1 1 .92 N D  
I ndustrial/Urban Sites ( INO/URB) 1 03 NDa· 51 .76 3.67 9.49 0 .48 
POTW 8 N D  ·0.35 0 .04 0 . 1 2 N D  
Agricultural (AGRI) 1 7  NDa· 3.01 0.31 0 .78 ND 

n = number of sites in category. Maxirrum value at each site was used. Sites were assigned to only one 
category . N D -= limit of detection, here set at 0.0. 

Figure 3-17. Box and whisker plot for total HxCDFs concentrations in fish tissue. 
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Chapter 4 - Other Xenobiotic Compound Results 
and Analysis 

This chapter presents results for all study compounds other than dioxins and furans. For 
ease of presentation these other study compounds are referred to as "other x.enobiotics" or simply 
"xenobiotics." The term xenobiotic means a compound that does not naturally occur in living 
organisms, in this case, fish. In addition to an overall summary, the discussion of results for 
xenobiotic compounds is contained in three sections-xenobiotics detected in samples from greater 
than 50 percent of the sites, between 10 and 50 percent of the sites, and less than 10 percent of the 
sites. Within each of the three principal sections, information is provided, as appropriate, on high 
concentration sources, geographical distribution, and source correlation analysis. 

Chemical profile data and information for all of the 45 xenobiotics is presented in Appendix 
C, Volume II. This information includes physical/chemical properties, standards and criteria, 
chemical uses, and health effects. Concentration data for individual fish samples, as well as 
information on where the samples were collected, can be found in Appendix D, Volume IL The 
number of samples taken and analyzed by site can be determined by counting the samples for a 
given site (episode number) in the data tables (Appendix D, Volume II). The number of fish in each 
composite sample is provided in Appendix D-6 (Volume II) . Other values for a given site can be 
reviewed by identifying the episode number for the site from the site matrix (Table B-3, Appendix 
B, ;n Volume I or Table D- 1 ,  Appendix D, in Volume II) and then looking at the data in the raw 
data tables (Appendix D, Volume II) . 

PREVALENCE AND CONCENTRATION SUMMARY 

A total of 45 compounds were measured in the fish tissue samples; these compounds include 
34 organic compounds, PCBs with 1 to 1 0  substituted chlorines, and mercury. Summary data 
regarding the prevalence and concentration of these compounds can be found on Table 4- 1 and 
Figure 4-1 .  Six pesticides, PCBs, three other industrial organic chemicals, and mercury were 
detected at more than 50 percent of the sites. All the compounds were detected in samples from at 
least one site. The compounds detected at more than SO percent of the sites, at l O to SO percent of 
the sites, and at less than 10 percent of the sites are as follows: 
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TABLE 4-l 
Sum.mary of Xenobiotlc Compounds in F°lSh 11SSUe 

�<�tit of 
Sites 'M"lere Scandifd 1otal Numbe1 

Chemical Detected Max '  Mean• Deviation �san• of Sites D 
{Units ar(I ng/q ) 

p,oPOE 98.6 ) 4{)'.;):?) 295.28 972 66 58 25 'Jf,2 2£ 

MefCU,Y 92.2 rno 260 0 28 1 70 374 36 
Totaf f>C8s 9\.4 1 24 1 92 1891.88 7��72S �.76 362 35 

&dlenyl 93.9 T31 �.n ,o.• 0 64  362 7 
Nonachlot, Trans 77.1 471 56 92 9 22 362 25 
Chlorda,w, .cis 64.l 376 2 1 •.05 ◄2 76 3.fifj 36'2. 24 
Pentaci\loroanisol� 6◄,4 647 ,o.n 52•06 0.92 362 tl  
Cnl01dant1, Trans 61 .0 3lD 16.68 ,36.74 2.68 362 2l 
Oi.4!tdr�n 60.2 4SO i"·'" 58 37 ◄ . 16  .362 27 

Alpll&•SHC 55.0 4◄ .4 2.4 1 4.53 072 362 n 
124 Trichlo<obet'lzene 53.3 264.6 :no 19941  0.14 362 2 
Hexachlorotien111ms 45.9 'li3 �-80 49979 ND 362 12 
Gsrnma-BNC 42.3 �-� 2:ro 7.07 ND 362 14 
123 Ttichl0<0ben2ene ◄Z.S f;,� 1.27 5 57 ND 362 J 
Mirex 37.8 i25 3.86 1 7.74 ND 382 34 

Nonachlor, CfS 35., 127 s.n 1 7.94 NO 362 31 
OxY?1lord•11• 21.� 243 4.75 17.16 ND 362 22 

ChlO<?Vrifos 344 4.09 20.16 ND 362 Hl 
125 1.918 T.9 NO 362 9�ntacnlQfob.enze� 22. t 

Heptacillor Epol(ide 15.7 63.2 2.19 7.36 ND 362 21 

Oieofol 15.5 H.2- 0.98 5. 18 362 -33ND
NO,234 Tetrachlorobeo2ane 13,0 76.65 0.4? 8362 

Tfifl1Jralin H.6 45[/ 5 98  3201 NO 362 10 

o. ,� 0,95 ttat 35 T rk:hlo<OMnzone 1 1 .0 � l 

En,Mn 
1235 reca 

,0.50 {62 t .69 1 1 ..22 NO 362 29 
9.,tO 28.3 2. 1 NO 362 6Q,J,4

f .7 1138OctachlorOSt\'rene 9.9 N.O 36? 20 
'\2.4S tEC8 9. 1 28.3 0.31 2 09  ND �2 � 
MeU\011.YChl0< 7 .2 393 1 .32 20.68 NO 362 32 

3.9 37.5 0.46 2.96 NO :362 19 

Muoten 2.S tl,9 0. 1 7  14.42 NO :ie.2 28 
�•chlorobutadi&r1e 2.8 16'( o.�7 872 NO l62 4 
HeJ)1aehl01 2.2, 16.1 0.35 ND 362 1 7  

�erth1U\'9 1 .◄ S. ,2 0 03  0.35 ND 362 .3(J
1 5NDPe11tachlo,0nii10ben1ene u 0.09 u 

NDOinhe� Disulfide H'> 0.02 0.220.6 �2 

54 

https://H.2-0.98


a 

p,p DDE 
Biphenyl 
Mecury 

Total PCBs 
Nonachlor, trans -· 'Tj Pentachloroanisole 

Chlordane, cis 

� 

.,:..
I 

Chlordane, trans -
Dieldrin 

en Alpha-BHC 
3 1 24 Trichlorobenzene 3 

HCB 
0 1 23 Trichlorobenzene 
0 Gamma-BHC 
n Mirex""I 
>4 

N onachlor, cis -· Oxychlordane 
C'. Chlorpyrif os 

8 Pentachlorobenzene 
3 Heptachlor Epoxide 
C Dicofol 
i:,, 1234 Tetrachlorobenzene 
n Trifluralin 

· 35 Trichlorobenzene 8.-· = Endrin 
::i 123  5 Tetrachlorobenzene 
� Octachlorostyrene =· 
C 1 245 Tetrachlorobenzene 

Methoxychlor 
Isopropalin 

Nitrofen 
Hexachlorobutadiene 

Heptachlor 
Perthane 

PCNB 
Diphenyl Disulfide 

Percent of Sites with Detected Levels 

� 
I\)
01 

CJ1 
0 

--..J 
0, 

0 
0 

55 



More than 50 Percent 1 0  to 50 Percent Less Than 10  Percent 
of  the Sites of the Sites of the Sites 

Total PCBs 
Biphenyl 
Mercury
Pe ntachloroanisole 
1a.2.4 Trichlorobenzene 
Pesticides: 

DDE 
trans-Nonachlor 
cis-Chlordane 

Hexachlorobenzene 
1 ,2,3 Trichlorobenzene 
Pentachlorobenzene 
l ,2,3,4 Tetrachlorobenzene 
1 ,3,5 Trichlorobenzene 
Pesticides/Herbicides:

gamma-BHC 1 

Mirex 
cis-Nonachlor 

Octachlorostyrene
1a,2,4,5 Tetrachlorobenzene 
1a,2,3.5 Tetrachlorobenzene 
Hexachlorobutadiene 
Diphenyl Disulfide 
Pesticides/Herbicides: 

Methoxychlor
lsopropalin 
Nitrofen 

trans-Chlordane 
Dieldrin 
alpha-BHC1 

Oxychlordane
Chlorpyrifos 
Heptachlor Epoxide 
Trifluralin 

Heptachlor 
Perthane 
Pentachloronitrobenzene 

Dicofol 
Endrin 

Mean fish tissue concentrations were highest for total PCBs and p,p'-DDE at 1890 and 295 
ng/g, respectively (Table 4- l ). These two compounds were also detected at over 90 percent of the 
sampled sites. Mean concentrations of trans-nonachlor and dieldrin were the next highest at 3 1  and 
28 ng/g, respectively. These compounds were also found at a large number of sites, 77 and 60 
percent of the sampled sites, respectively. Biphenyl was detected al a large percentage of sites 
(9 1 percent), but the levels at most sites were low. Only 1 2  percent of the sites had biphenyl 
concentrations above the quantitation level (2.5 ng/gJ. 

As previously discussed in Chapter 3 for dioxins/furans, point and nonpoint sources were 
divided into nine categories plus NASQAN sites for geographic coverage throughout the country. 
Below is a listing of the number of sites included in each category for xenobiotics. The number of 
sites for xenobiotics will be different from the number of sites for dioxins/furans for reasons 
presented in Chapter 3, as well as the fact that not all xenobiotics were analyzed at all sites. 

Alpba-BHC and gamma-BHC (or Lindane) are formally known as a-bexacblorocyclobexane and 
y-bexachlorocyclobexanc, respectively. The fcnner chemical designaliom are used in this documenL 
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Number Number 
Category Abbreviation of Sites 

Background B 22 

USGS&NASQAN NSQ 40 

Paper Mills using Chlorine PPC 42 

Other types of Pulp and Paper Mills PPNC 1 7  
Wood Preserving Plants WP 1 1  
Refineries/Other Industries R/1 s 
NPL (Superfund Sites) NPL 6 
Industry/Urban IND/URB 35 
Agriculture AGRI 1 9  
POTW POTW 8 

COMPOUNDS DETECTED AT MORE THAN 50 PERCENT OF THE SITES2 

Total PCBs 

Total PCBs were detected at over 9 1  percent of the sites sampled with the median value of 
208.78 ng/g (Figure 4-2a). Twenty-six percent of the sites had fish tissue concentrations greater 
than 1000 ng/g (Figure 4-2b). A major use of PCBs has been as dielectric fluids in transformers, 
capacitors, and electromagnets. Prior to I 974, PCBs were also used as plasticizers, lubricants, ink 
carriers, and gasket seals. PCB production in the United States stopped after 1977, and uses since 
then have been limited mostly to small, totally enclosed electrical systems in restricted access areas. 
PCBs can reach water bodies by runoff from PCB spills or electrical equipment fires, or runoff/seep
age from disposal sites containing PCB-contaminated soils and equipment. 

Summary statistics for the PCB congeners with 1 to IO substituted chlorines show that the 
median fish tissue concentration was highest for hexachlorobiphenyl followed by pentachloro
biphenyl (Table 4-2). Total PCBs in this study refers to the sum of the concentrations of compounds 
with 1 to l O chlorines. Concentrations of specific Aroclor or mono-ortho substituted compounds 
were not determined in this study. PCBs were detected in all pans of the country with the highest 
levels detected in industrial regions. The prevalence of PCBs is consistent with their high 
bioaccumulation potential and persistence in the environment. The sites with the five highest 
concentrations are listed below: 

Four chemicals found at less than 50 percent of the sites arc presented in this section to facilitate their discussion. 
These are gamma-BHC; 1 ,2,3 tricblorobeni.ene; cis-nonachlor; and oxychlordane. 
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88.7 

2.09 
NO 

30.7 
NO 

9.7 3.04 
362 

TABLE 4-2 
Summary of PCBs in Fish Tissue 

Percent ol 
Sites Where Standard Total Number 

Chemical Detected Max· Mean• Deviation Median" ol9Sifes 
Total Hexachlorobiphenyl 8862 355.93 867. 1 3  76.85 362 
Total Pentachlorobipheny1 86.7 29578 564.70 1993.521 72.4 362 
Total Tetrachlorobiphenvt 72.4 60764 696.23 3647.97 23.09 362 
Total Heptachlorobiphenyl 69. 1  1 850 96.71 209.98 1 6.85 362 
Tolal Tlichlorobiphenyl 57.5 18344 149.80 1024.59 362 
Total Octachlorobiphenyl 593 1 7.37 52 36234.8 

NOTotal Dichlorobiphenyl 5072 2 1 .43 267.74 362 
Total Monochlorobiphenyl 13 .8 235 1 .22 1 2.56 362 

NO 362Tolal Oecachlorobiphenyl 3.3 29.5 0.44 3.08 
4 13  25 NDTolal Nonachlorobiphenyl 362 

Total PCBs 919.4 1 897.88 7557.8 208.78 

·concenlrations are nanograms per gram (ng/g) or parts per billion ( ppb) by wet weigh I. In cases where multiple samples were analyzed per srle, lhe vah.Je used represenls lhe 
highest concentration. 
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PCBs 

Cone. 
0� 

Episode 
Number Type of Fish Location 

1 24 1 92 
29 1 30 
25240 
24 1e1 8  
23809 

3259 
2429 
3 1 34 
3 1 82 
3 1 42 

WB Sucker 
WB Carp 
WB Sucker 
WB Carp 
WB Carp 

Hudson R. ,  Fort Miller, NY 
Fox R., Depere Dam, WI 
Manitowoc R., Chilton, WI 
Mud R. ,  RussellviUe, KY 
Sheboygan R., Kohler, WI 

PCB contamination from past spills occurred in the vicinity of the first two sites and the last 
site. Fish samples with the next three highest PCB concentrations were collected at locations near 
various industrial and other source categories .  It is not apparent from available infonnation which, 
if any, of these sources can be identified as the cause of each of the next three highest PCB 
concentrations. Sources in the vicinity of these samples include a metal plating shop, a rendering 
plant, an incinerator, a water softening plant, a window manufacturing facility with wood treatment 
operations, and agriculture croplands. 

The top I O  percentile sites (36 out of 362) included three additional sites on the Fox River 
and one additional site on the Hudson River. Historical PCB contamination was present at 1 2  of 
the top I O  percentile sites including five Superfund s ites . The remaining top I O  percentile sites 
were located near industrial facili ties including chemical and automobile manufacturing plants, 
foundries, refineries, and paper mills. Two of the sites in the top IO  percentile were located near 
plants with PCB discharge limits in their NPDES permits (one on the Grass River in New York and 
one on the Raquette River in New York). The box plot confirms that high concentrations of PCBs 
were associated with paper mills, refinery/other industry sites, Superfund sites, and industrial/urban 
areas (Figure 4-3). The two highest median concentrations were 525 ng/g for Superfund sites and 
349 ng/g for refinery/other industry sites. The Kruskal-Wallis test (Table 4-3) showed that no 
dominant source existed .  

Biphenyl 

Bi phenyl was detected at a large percentage of the sites (91e.4 percent), but the concentrations 
at most sites were low. Eighty-eight percent of the sites had concentrations below 2.5 ng/g (Figure 
4-4a). B iphenyl is used in the manufacture of PCBs and is also a breakdown product of PCBs .  
Biphenyl i s  also produced during the manufacturing of  benzene and has other industrial uses as 
well .  The sites with the five highest concentrations are listed below: 
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Summary Table for Total PCBs Box Plot 

Concentration 
Range

Site Cate92� Jl. eg!g Mean Stan. Dev. Median 

NASOAN (NSO)
Background (8) 20 

ND - 79n 449.1 1 408.9 24.8 
ND. · 480 46.9 1 08.7 ND 

Paper Mills Using Cl (PPC) 
Other Paper M ills (PPNC) 
Refinery/Other Industry (R/1) 

39 

5 

ND - 1 n23 1 247.0 31.47.5 293.2 
ND. · 6061 1 225.1 1 739.5 483.7 
ND. · 2974 833.5 1 230.5 349.3 

6 2.51 · 1 075 4918.0 390.5 525.2Superfund Sites (NPL) 
Wood Preservers (WP) 1 0  ND. · 1 804  260.6 561 .4 38.6 
lndustriaVUrban Sites {IND/URB) 31 2.54 • 1 2027 1 2n.9 2374.9 21 3.2 
POTW 6 ND - ,en 302.4 674.3 22.2 
Agricultural (AGRI) 1 5  ND. · 1 064  97.4 274; 1 8.6 

n = number of sites in category. ND's set at zero. Maximum concentrations at sites were used. 

Figure 4-3. Box and whisker plot for total PCBs in fish tiuue. 

6/ 



- - ---- -- ------ ---- -

R/1 

.7723 
4583 

.9453 

.0473 

TABLE 4.3 

Results of Statistical Tests for Selected Xenobiotics and Mercury 

Kruskal-Wallis Mann-Whitne:t 
All Groups AN Groups 

Except Except NPL, PPC, PPNC, WP, B, AG, POTW, Al ,  R/1, 
Chemical NSQ NSQ, B IND IND IND IND IND IND IND Rl,B AG POTW IND 

Pentachloobenzene .76 1 4  .6393 . 8529 . 1 954 .6821 .2246 . 1 995 . 4 1 2 1  . 3227 .2088 .2949 .2733 .4368 
1 ,2,3,4-Tetrachlorobenzene.8587 .7880 .74 1 7  .8872 .32 1 4  .9516 .5980 .7108 .2923 . 1 904 .2733 .2254 

.6836 .5127 1 ,3,5-Trichlorobenzene .9600 .9283 .91 80 .3206 .8886 . 3624 .5243 .29 1 7  . 5839 .98 1 8  
Total PCBs .0001 .001 2  .8368 .3848 .991 4 0099 .0001 .0001 .02 1 0  .0324 .0887 .2012 
Biphenyl 6338 .8390 .74 1 7  .8685 .87 1 6  .31 64 .0842 .2275 .5640 .9458 .8273 .6481 .2723 
Mercury .0222 .0203 .3706 .5909 .8297 .01 77 .0489 .0975 .001 7  .6256 .5705 .0828 .0470 
1 ,2,4-Trichlorobenzene .0645 .0550 .9016 .0228 .7876 0709 . 1 590 .2759 .7262 .2623 .3627 .7 1 50 .8369 
Hexachlorobenzene .0970 . 1 1 76 .4836 .0 1 64 . 1 996 .0210 .01 67 .4968 .0580 .0832 .4581 . 1 207 .80 1 4  
1 ,2,3-Trichlorobenzene .3530 .28191 .3 127 .4214  .05191 .4038 .8094 .8697 .2840 .6836 .7600 .2733 .7837 
Pentachloranlsole . 1 979 .6356 .4079 . 1 036 .2486 .0613 .2321 .7262 . 1 968 .2752 .6551 .6974 

Kruskal-WalJis Mann-Whitney 

PPC,aPPNC WP, WP, PPC, POTW, POTW, POTW, POTW,
Chemical R/1,NPL,IND PPC PPNC PPNC PPC NPL R/1 WP 
Total PCBs .9058 
Pentachloranisole . 1 818 1  .0350 .2256 
Mercury .01 58 . 1 093 .0828 .0562 

Valoes shOwn are two-tail probabilities that groups are different . The critical level was set at 0.05. If P<0.05, the categories were considered to be significantly different. 

Site ca1egor;es· 
!NOA.JAB = Industry and/or Urban NSQ = National ambient slream quality monitoring network . (This designation is 
AG = Agriculture independent of source categories.) 
B .. Background WP = Wood preserving related activities 
NPL = National Priority List (Super1und site) PPC = Paper and pulp mills using chlorine for bleaching 
POTW = Publicly Owned Treatment Works (sewage) PPNC = Other paper and pulp mills including deinking plants 
R/1 =- Refineries using catalytic reforming process and other industry 
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Figure 4-4. Biphenyl: a) cumulative frequency distribution and b) map of gcopaphical 
distribution of various concentration ranges in fish tissue. 
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Biphenyl 

Cone. Episode 
n�� Number Type of Sample Location 

1 3 e1 .7 2654 WBaCarp Toms River, NJ 
75.6 3042 WB Carp Missouri R., Omaha, NE 
70.6 3403 WB River Carpsucker Holston R., S. Fork, Kingsport, TN 
70.2 3038 WB Carp Des Moines R., Des Moines, IA 
53 .8 3 1 1 5 PF Catfish Mississippi R. ,  E. St. Louis 

(Sauget), IL 

These five sites are near chemical manufacturing plants as were 24 of the top 36 sites 
representing the highest 10 percentile. The remaining sites were near Superfund sites or paper mills. 
The overall geographic distribution of biphenyl concentrations and the cumulative frequency 
distribution show that high concentrations (>50 ng/g) were detected mostly in the Midwest and 
Northeast (Figure 4-4b). 

A comparison of source categories for bi phenyl (Figure 4-5) shows that Superfund sites had 
the highest median concentration, 0.76 ng/g. A Kruskal-Wallis test for all categories except 
N ASQAN and background showed that no significant differences between categories existed (Table 
4-3) .  

Mercury 

Mercury was detected in at least one sample from 92 percent of the sites. Mercury has been 
used in making batteries, lamps, thennostats, and other electrical devices and as a fungicide in latex 
and exterior water-based paints. Effective August 1990, mercury was banned from interior paint. 
Mercury is present in soil as a component of a number of minerals (e.g., cinnabar, HgS). It is also 
discharged to the atmosphere from natural degassing processes and from the burning of fossil fuels. 
Mercury compounds occur in both organic and inorganic forms. In fish tissue it is nearly all in the 
organic form, methylmercury. The measured mercury concentrations were usually higher in the 
fillet samples than in the whole-body samples. This is because, unlike the other organic chemicals 
studied, organic mercury compounds are taken up and stored in muscle tissue rather than the lipid. 
There were, however, 15 sites where the concentration in a whole-body sample was higher than that 
in a fillet sample from the same site. This disparity may have been due to a number of factors, 
including species variability, stomach content (which may include significant quantities of con
taminated sediment ingested during feeding), and other variables. 

The measured concentrations ranged up to 1 .  77 µgig with 2 percent of the sites greater than 
1 µgig (Figure 4-6a); most of the higher concentrations were in the Northeast (Figure 4-6b). The 
highest concentration was on lhe Wisconsin River near B oom Bay at Rhinelander, Wisconsin. The 
sites with the five highest concentrations are given below: 
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40 

75 .6 
35 t 

30 

25 
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1 5  

1 0  

NSQ B 

Site Category 

NASQAN (NSQ) 
Background (B) 
Paper Mills Using Cl (PPC) 
Other Paper MiUs (PPNC) 
Refineries.lather Industry (R/1) 
Superfund Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites ( INO/URB) 
POTW 

70.6 
t 

0 

0 
0 

PPC PPNC NPL WP 

Summary Table for Blphenyl Box Plot 

0 

0 
0 

lNO/URB POTW AGRl 

Concentration 
Range 

n ng/g Mean Stan. Dev. Median 

R/1 

2.51
0.42
3.18 
0.87
0.44 
0.97
0.60 
2.56 

12 .04 
0.30

1 1 .36 
0.87 
0 .40 
1 .09 
0.60 
6.38 

0.49 
0.38 
0.54
0.61
0.43 
0.76 
0.45
0.68 

39
20
39
17
5
6

10
31

6 

NO-75.6 
NO-1 .04 
NO-70.6 
NO-3.35
ND-0.98 
ND-2.7
N0- 1 .5 
N0-32.8
0.1  -0.79 0.55 
ND-1 . 1 1  0.48 

0.24 0.63 
0.31 0.53 Agricultural (AGRI) 

n • number of sites In category. ND's set at 0. 
Maxirrum concentrations at sites were used. 

Figure 4-5 . Box and whisker plot for biphenyl in fish tissue. 
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Figure 4-6. Mercury: a) cumulative frequency distribution and b) map of geographical 
distribution of various concentration ranges in fish tissue. 
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Mercury 

Cone. 
kl�Le<ppm) 

Episode 
Number Type of Sample Location 

1 .77 
1 .66 
1 .63 
1 .40 
1 . 1 3  

2397 
3259 
2027 
3 1 22 
2290 

PF Walleye 
PF Lm Bass 
PFaLm Bass 
WB Carp 
PFaLm Bass 

Wisc. R/Boom Bay, Rhinelander, WI 
Hudson R., Fort Miller, NY 
Kiamichi R., B ig Cedar, OK 
Menominee R., Quinnesac. MI 
Savannah R., Augusta, GA 

The fish sample with the highest concentration was found at a site designated as background. 
The site with the third highest concentration was designated as background and agriculture. 
Additional investigation at these sites is needed to detennine sources of mercury contamination . 
Industrial facil ities located in the vicinity of the other three top five sites include pulp and paper 
mills. a pesticide manufacturing plant, and a textiles facility .  

Ten of the sites with the highest 10 percentile concentrations were near paper mills. Four 
were near Superfund sites, and most of the remaining were from industrial areas. Sources could 
not be identified at aU of these s ites. Five sites considered to represent background conditions and 
six NASQAN sites were included in the top 10 percentile sites . 

The box plot for mercury shows that the highest median concentration (0.6 1 µgig) was for 
POTWs (Figure 4-7). The remaining median values had a relatively small range with the lowest 
being background at 0.09 µgig and the highest being refinery/other industry at 0.24 µgig. 

Pentachloranisole 

Pentachloroanisole was detected in at least one sample from 65 percent of the sites with the 
median concentration of the sites at 0.9 ng/g (Figure 4-8a). The majority of the higher concentration 
sites (greater than 2.5 ng/g) are in the eastern part of the country (Figure 4-8b ). This compound is 
a metabolic breakdown product of pentachlorophenol (PCP). PCA is retained in the fish and is 
therefore easier to measure. The primary uses of PCP are for treating telephone poles, fence posts, 
and railroad ties. This compound is also used as an antimicrobial agent in pulp and paper 
manufacturing, to control slimes in cooling towers, and to make anti-fouling paint. Prior to 1984, 
it was used in the production of the pesticide sodium pentachlorophenate and as a herbicide. The 
sites with the five highest concentrations out of 362 are listed below. 
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Summary Table for Merrury Box Plot 

Concentration 
Range

Site Category n µgig Mean Stan. Dev. Median 

-
0, 

... 

NASQAN (NSQ) 
Background (8) 

NSO R/1 WP 

39 0.29 

0.26 

0.25 0.23 NO.- 0.98 
0.40 
0.33 

NO.-21 1 .n 0 . 1 6  
0. 1 2  Paper Mills Using Cl (PPC) ND.-

ND.-
5 

0 . 1 5  0.09 0.16Other Paper Mills (PPNC) 
Refinery/Other Industry ( R/1) 

0.46 
0.08 - 0.49 0.29 0. 1 6  0.24 

ND.- 0.89 0.28 0.32 0.22 6 
1 1  0.24 0.21 

Supertund Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites (IND/URB) 

0.06. - 0 .88 0 .31 
33 0 . 14  0. 1 2  ND.- 0.72 0.15 

POTW 
Agricultural (AGRI) 

0. 1 2 .- 0.9B 0.59 0.30 0.616 
0.24 0.1 7ND.- 0.82 0.27 

n • number of sites in category. NO's set at 0.  
Maxirrum concentrations at sites were used. 

Figure 4-7. Box and whisker plot for mercury in fish tissue. 
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Figure 4-8 .  Pentachloroanisole: a) cumulative frequency distribution and b) map of 
geographical distribution of various concentration ranges in fish tissue. 
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3376 

Pentachloroanisole 

Cone. Episode 
n�� Number Type of Fish Location 

647 3375 WBaCarp Chattahoochee R . .  Austell. GA 
570 3 1 85 WB Channel Catfish Bernard Bayou, Gulfport. MS 
3 34 

26 1 8  
WBaCarp Chattahoochee R., Whitesburg, GA 

240 WB Quillback Hamilton Canal, Hamilton. OH 
1 87 3377 WB Carp Chattahoochee R. ,  Franklin. GA 

A wood treatment plant and Superfund site with solvents present are located near the Bernard 
Bayou site. The Hamilton Canal site is near a paper mill and Superfund site. The other three top 
five sites are located near paper mill operations. Eight of the top 36 sites (highest 1 0  percentile) 
were located near Superf und sites of which four were related to wood preserving. Paper mills were 
located near 17  of the top 36 sites. 

The box plot for pentachloroanisole shows that the highest median concentration was 1 .7 
ng/g for nonchlorine paper mills (Figure 4-9). The second highest median concentration was for 
sites near pulp and paper mills that use chlorine in the bleaching process {0.8 ng/g). 

1 ,2,3 and 1 .2,4 Trichlorobenzene 

The compounds 1 ,2,3 trichlorobenzene and l .2,4 trichlorobenzene (TCB) were detected in 
at least one sample at 42 percent and 53 percent of the sites, respectively. The median concentra
tions. however, were low (below detection for 1 ,2,3 TCB and 0. 14 ng/g for 1 ,2,4 TCB) (Figure 4-
l Oa,b). The two compounds are used in a variety of industrial applications including 1 ,2,4 TCB as 
a sol vent and dielectric fluid and 1 ,2 .3 TCB as a coolant in electrical installations, in the production 
of dyes, and in products to control tennites. The sites with concentrations above 2.5 ng/g are located 
for the most part near industrial organic chemical manufacturing plants. The five sites with the 
highest concentrations out of 362 sites are as follows: 

1 ,2,3 TCB 

Cone. 
ail& 

Episode
Number Type of Fish Location 

69.0 
54.9 
30.2 
26.8 

2056 
3097 
3 164 
3376 

WBaCarp 
PF Brown Bullhead 
WBaCarp 
WBaCarp 

Ohio R., West Point, KY 
Red Lion Cr., Tybouts Comer, DE 
Haw R., Saxapahaw, NC 
Chattahoochee R., Whitesburg, GA 

24.8 2341 WB Carpsucker Ohio R., Markland, KY 
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334 

1 75 

R/1 

0.33 
ND 

31 

1 5  

225 

200 t 
0 

1 50 

1 25 

1 00 

75 

50 0 

25 0 

0 
0 

Summary Table for Pentachloroan isole Box Plot 

Concentration 
Range

Site Category n ng/g Mean Stan.  Dev. Median 

0) 

0) 

Cl)
0 

·c ro 
0 
0 

ro 

NASOAN (NSO) 39 ND - 46.8 3.75 8 .48 
Background (B) 20 ND - 3.33 0.59 1 . 1 4  
Paper Mi l ls Using Cl ( PPC) 39 ND - 85. 1  5.46 

NSQ B PPC PPNC NPL WP IND/URS POTW AGRI  

1 4 .32 0 .77 
1 7  ND - 334 33. 1 0  89.53 1 .67Other Paper M ills (PPNC) 

Refinery/Other Indust ry ( R/ 1 )  5 ND - 1 3.2 4.21 5 .97 0.32 
Superfund Sites (NPL) 6 ND - 2.99 1 .00 1 .39 0.22 
Wood Preservers (WP) 1 0  ND - 4.47 0.86 1 .46 ND 

ND - 1 3  2.44 3.88 
N D  - 24.20 4.42 9.72 

I ndustrial/Urban Sites ( IN0/UAB) 
POTW 6 
Agricu ltural (AGRI}  ND - 7.31 1 . 1 8  2.34 ND 

n = number of sites in catego ry. N D's set at O. 
Maximum concentrations at sites were used. 

Figure 4-9. Box and whisker plot for pentachloroanisole in fish tissue. 

0.42 
0. 1 6  
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Figure 4-10. Cumulative frequency distributions of a) 1 ,2,3 trichlorobenzene and b) 1 ,2 ,4 
trichlorobenzene in fish tissue. (Maximum concentration at each site was used. 
The bar along the x-axis indicated values below the detection.) 
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1 ,2 ,4 TCB 

Cone. 
0�2 

Episode
Number Type of Fish Location 

264.8 
1 9 1  
1 04 
1 03.8 
80.4 

2654 
2056 
2290 
3097 
34101 

WB&Carp 
WB Carp 
WB Spotted Sucker 
PF Brown Bullhead 
WB Redhorse Sucker 

Toms R., NJ 
Ohio R. ,  West Point, KY 
Savannah R. ,  Augusta, GA 
Red Lion Cr .. Tybouts Comer, DE 
Rochester Embayment Rochester, NY 

Two of the sites are the same for both 1 ,2,3, TCB and 1 ,2.4 TCB. Of the other eight sites 
shown above, three are near Superfund sites with chlorobenzene contamination (3 1 8 1 ,  3097 , 2654). 
Two sites are near paper mills (3376, 2290), one is near a chemical manufacturing plant ( 34 1&1 ), and 
the remaining two are near agricultural/rural areas. For 1 ,2,4 TCB.  nine of the highest 36 sites were 
near Superf und sites. Chemical manufacturing facilities are near 12  of the sites and paper mills near 
another six sites. Distribution of 1 ,2,3 TCB and 1 ,2,4 TCB is shown in Figures 4- 1 1  a,b. The 
highest mean concentration for 1 ,2,3 TCB is 2.2 ng/g from nonchlorine paper mills and for 1 .2,4 
TCB is 3.2 ng/g for sites in the industrial/urban category (Figures 4- 1 2  and 4- 1 3 ). 

Pesticides/Herbicides 

DDE 

The most frequently detected xenobiotic compound was p,p' -DOE at 98.6 percent of the 
sampled sites (Figure 4- 1 4a). DOE is a metabolic break.down product of the widely-used pesticide 
DDT. The geographic distribution of fish tissue concentrations (Figure 4- 1 4b) shows the 
widespread occurrence of ODE, which is consistent with historic pesticide use patterns of DDT (see 
profile in Appendix C). The prevalence of ODE at a large number of sites. even though use of DDT 
was banned in 1 972, is consistent with its persistence in the aquatic environment and its high 
bioaccumulation potential. The concentrations of ODE found at the top 5 out of 362 sites sampled 
are listed below: 

p,p' -DOE 

Cone. Episode 
o&t'.2 Number Type of Fish Location 

14028 33 1 5  WB Carp Union Canal, Lebanon, PA 
8708 3282 WB Carp Alamo R.,  Calipatria, CA 
322 1 3084 WB Channel Catfish Arroyo Colorado, Harlingen, TX 
3214  3 2 1 2  WB&Carp Owyhee R. ,  Owyhee, OR 
2493 323 1 WB Carp Yakima R. , Richland, W A  

73 



O • O to 2.5 92 

1,2� TCB (ngtg): 
■ • >5 4• 

.ti.. • 2.5 to 5 4 
Total Sites: 362 

a) 

Fillet Only: 30 
Maximum was Fillet: 32•Percent of sites in category 

b) 

1 24 TCB (ng.tg): 
■ • >5 s· 
A. • >2.S to 5 4 
O • o to 2.5 90 

"Percent of sites in category 
Total Sites: 
Fillet Only: 
Maximum was Fillet: 

Figure 4- 1 1 .  Map of geographical distribution of various concentration ranges for a) 1 ,2,3 
trichlorobenzenc and b) 1 ,2,4 trichlorobenzenc in fish tissue. 
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Summary Table for 1 ,2,3-Trichlorobenzene Box Plot 

Concentration 
Range

Site Cate9Qrt Jl.. DG'g Mean Stan. Dev. Median 

NASOAN (NSQ) 39 ND - 2.6 0.39 0.67 ND 
Background (B) 20 ND - 0.69 0.1 4 0.22 NO 
Paper Mills Using Cl (PPC) 

1 7  
ND - 3.92 0.42 0.98 ND 
N D  - 26.8 2.25 6.46 0. 1 6  Other Paper Mills (PPNC) 

Refinery/Other Industry (R/I) 5 ND - 0.51 0.1 0 0.23 ND 
Superfund Sites (NPL) 6 ND.· 5.34 1 . 1 3  2 . 1 1 0. 1 6  
Wood Preservers (WP) 

31 
ND - 0.29 0.03 0.09 ND 
ND - 4.n 0.43 1 . 1 2  NDlndustriaVUrban Sites (INO/URB) 

POTW 6 ND. • 2.60 0.83 1 .05 0.51 
Agricultural (AGRI) 1 5  ND. · 1 . 71 0.21 0.45 ND 

n = number of sites in category. ND's set at 0. Maximum concentrations at sites were used. 

Figure 4-12. Box and whisker plot for 1,2,3 tricholorbenzene in ftsh tissue. 
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Summary Table for 1 ,2 ,4-Trichlorobenzene Box Plot 

Concentration 
Range

Site CategQ!Y ...!l. ixvg Mean Stan. Dev. Median 

NASOAN (NSQ) 39 NO. · 1 .97 0.36 0.55 ND 
20 ND. · 0.47 0. 1 7  0. 1 9  0.08Background (8) 

Paper Mills Using Cl (PPC) 
Other Paper Mills (PPNC) 1 7  

ND. · 7.58 0.33 1 .26 ND 
ND. - 16 . 1  1 .44 3.86 0.24 

Refinery/Other Industry (R/1) 5 NO. · 1 .36 0.44 0.56 0.22 
Superfund Sites (NPL) 6 NO. · 3 . 12  0.70 1 .23 0. 1 2  
Wood Preservers (WP} 1 0  NO - 0.42 0.07 0. 1 4  ND 
Industrial/Urban Sites ( IND/URB) 31 NO. · 80.4 3.24 14.36 0.20 
POTW 6 NO. - 1 .97 0.64 0.73 0.54 
Agricultural (AGRI) 1 5  ND. · 2.46 0.28 0.62 0.09 

n = number of sites in category. NO's set at 0. Maximum concentrations at sites were used. 

Figure 4- 13. Box and whisker plot for 1,2,4 trichlorobenzene in fish tissue. 
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Figure 4- 14. p,f-DDE: a) cumulative frequency distribution and b) map of geographical 
distribution of various concentration ranges in fish tissue. 
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The maximum DOE concentration was found in a whole-body carp sample from Union 
CanaJ at Lebanon. Pennsylvania. near pesticide manufacturing plants. The other four sites are 
located in agricultural areas. 

S ix of the highest 10  percentile sites ( 36 out of 362 sites) were also located in agricultural 
areas without industrial activities. Five of the sites were near Superfund sites. Most of the remaining 
sites were located in industriaJ areas. The box plot (Figure 4- 1 5) shows that the highest median 
concentration was 20 1 ng/g for agricultural areas. Kruskal-WaJlis tests (Table 4-4) comparing 
agriculturaJ sites with Superfund and industrial/urban sites showed no significant differences with 
regard to fish contamination levels. 

Chlordane and Related Compounds (Nonachlor and Oxychlordane) 

The next most frequently detected pesticides were chlordane and the compounds related to 
chlordane. Chlordane, i tself, is a chlorinated hydrocarbon that occurs in two forms--cis and trans. 
The cis-isomer was detected al about 3 percent more sites than the trans-isomer (Figure 4- 1 6  a.b, 
c ) .  Prior to 1987. this compound was widely used for termite and ant control and for agriculturaJ 
uses such as dipping nonfood roots and tops. Also. prior to 1 980 it was used to control insects on 
a variety of crops including corn. grapes, and strawberries. Al present, it can be used only for 
subsurface termite control. Related compounds are cis- and trans-nonachlor and oxychlordane. 
Nonachlor is a component of chlordane (trans can be 7 to 1 0 percent in technical-grade chlordane 
(Takamiya, 1 987)) as well as an impurity of heptachlor. Trans-nonachlor was detected at 77 percent 
of the sites, whereas cis-nonachlor was detected at only 35 percent of the sites (Figure 4- 17  a,b, c). 
Oxychlordane is a metabolic breakdown product of chlordane. Oxychlordane was detected at 27 
percent of the sites ( Figure 4- l 6d). Nonachlor and chlordane have a high potential for bioaccumula
tion. while oxychlordane has a lower potential. The total chlordane and total nonachlor concentra-
tions were compared for the same sample and found to be correlated based on a linear function (r""

., 
= 0.7) but not as strongly as cis- versus trans-chlordane (r = 0.89). Total chlordane is the sum of 
the cis- and trans-chlordane isomer concentrations measured in the same sample. Total nonachlor 
is the sum of the cis- and trans-nonachlor isomers. The correlations are consistent with the multiple 
sources of nonachlor. Comparing the geographic distribution of the two compounds (Figure 
4- l 8a,b) shows that most of the sites with high levels of total nonachlor (greater than 1 00 ng/g) aJso 
have a high level of chlordane. 

The maximum concentrations at the top five sites for each of these compounds were detected 
near industrial areas and Superfund sites (Table 4-5). The Monongahela River at Clairton. 
Pennsylvania. an industrial area with manufacturing plants of inorganic chemicals and pesticides, 
had the highest concentrations of total, cis-, and trans-chlordane and total and trans- nonachlor. 
This site also had high concentrations of oxychlordane and cis-nonachlor. The highest concentra
tions of cis-nonachlor and oxychlordane were also in industrial areas, Lake Michigan at Waukegan, 
Illinois, and Peshtigo River Harbor, Peshtigo, Wisconsin, respectively. The remaining sites were 
located near various industrial areas involving the production of inorganic and organic chemicals, 
and pesticides. Sources for the top I O  percentile sites were predominantly industrial areas near 
chemical manufacturing plants ( 17  out of 36). Superfund sites were near 1 0  of the 36 sites. All of 
these sites were located in areas with nearby industrial activities. The highest median concentrations 
for chlordane were near Superfund sites and industry/urban areas (Figure 4- 1 9). For total nonachlor 
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Summary Table for p,p'DOE Box Plot 

Concentration 
Range

Site Cate92ri: ..!L PQ/g Mean Stan. Dev. Median 

NASQAN (NSQ) 
Background (B) 20 

1 .09 • 1 223 1 36. 1 8  
ND. · 384 56.28 

226.21 

167.67 

46.90 
1 1 ..68 
22.20Paper Mil ls Using Cl (PPC) 39 1 .0 • 895 87.27 

Other Paper Mil ls (PPNC) 161 ..94 H 0.9 • 1 1 57 306.58 42.50 

200. 1 7  
Refinery/Other Industry (R/1) 5 
Superfund Sites (N PL) 

5.9 • 2329 1 000. 1 4  41 . 50 
300.35 97. 95 6 1 .5 • 805 

Wood Preservers (WP) 1 0  1 .65 • 91 .5 33. 1 3  32.7  1 6. 85  
Industrial/Urban Sites (INOIURB) 31 7.23 • 1 4028 602.34 2499.49 78.80 
POTW 6 2.49 • 5 1 6  98. 1 6  204.84 1 7.40 
Agricultural (AGRI) 1 5  13 . 1  · 8708 1526.89 231 3. 1 3  201 .00 

n = number of  sites in category. NO's set at 0. Maximum concentrations at sites were used. 

Figure 4-15. Box and whisker plot for p,p' -DDE in fish tissue. 
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Table 4.4 

Results of Statistica l  Tests for Selected Xenobiotlcs 

( Pesticides/Herbicides) 

Kruskal-Wallis Mann-Whitney 

Chemical 
All Groups 

Except NSQ 
lnd/URB 
NPL, AG 

B,PPC,PPNC AG 
WP ,POTW IND, URB AG , NPL AG ,8B IND, B 

Total Nonachlor 
Trifluralin 
Mirex 
Heplachlor Epoxide 
Dieldrin 

.0071 

.4822 

.6451 

.9599 

.0891 

.7565 

. 1 363 

.B643 

.7704 

.6856 

. 1 946 

.9870 

. 3 1B0 
.9899 
.4053 

.5346 

.0809 
.6477 
.6144 
.5269 

.5593 
. 1 02 1  
.61 28 
.8 1 53 
.4835 

.0181 3  
.0956 
.4334 
.84 1 5  
.3861 

.00 1 3  

.8926 

.72 1 2  

. 7576 

.01 76 
Endrin .8983 .5777 .7063 .6732 .5858 .84 1 5  .8020 
Chlorpyrifos 
Alpha-BHC
lsopropalin 
Total Chlordane 

.40 1 9  

.0905 

.9951 

.0047 

.5426 

.4388 

.7358 

.6774 

.4757 

. 1 437 

.9920 

.2289 

.6990 

.3989 

.4821 

.6144 

.4835 

.21 29 
1 .000 
.3 181 5  

.5938 

. 1 880 
1 .000 
.0 164 

.2242 

.0087 

.4403 

.0036 
p,p' DOE 
Gamma BHC 

.0001 

.04 1 7  
. 1 074 
.3614 

.5430 

.0184 
.0403 
.2657 

. 1857 

.6404 
.0002 
. 1 6 1 5  

.00 1 7  

.0056 
Dicofol .6233 .2085 .8068 .0893 .2429 .2861 .4635 
Oxychlordane .2994 .7081 .9567 .4748 1 .000 .6892 . 1 708 

Values shown are two-tail probabilities that groups are different. The critical level was set at D 05. If  p<D 05, the categories were considered to be significantly different. 

Stte Categones·. 
IND/URB :: Industry and/or 11ban NSO = National Ambient Stream Quality monitoring network. (This deS1gnation is independent 
AG :: Agriculture of source categones.) 
B = Background WP = Wood preserving related activities 
NPL = National Priority List (Superfund Site) PPC = Paper and pulp mills using chlOrine for bleaching 
POTW Publicly C>Nned Treatment Works (sewage) PPNC = Other paper and pulp mills including deinking plants "' 
Rn Refines using catalytic reforming process and = 

other industry 
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Figure 4- 16. Cumulative frequency distribution of a) total chlordane, b) cis-chlordane, c) 
trans-chlordane and d) oxychlordane. (Maximum concentration at each site was 
used. The bar along the x-axis indicated values below the detection.) 
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a) trans-NONACHLOR i b) cis-NONACHLOR 
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Figure 4-17. Cumulative frequency distribution of a) trans-nonachlor b) cis-nonachlor, and c) 
total nonachlor. (Maximum concentration at each site was used. Bar at x-axis 
represents sites with levels below detection.) 
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*Percent of sites in category 

Total Sites: 362 
Fillet Only Sites: 29 
Maximum was Fillet: 1 5  

b) 

Total Nonachlor (ng/g) :  
■ • > 1 00 
• • > 2.5 to 1 00 
0 • O to 2.5 

1 3• 

60 
27 

0 

0 

• 

.. 

Total Sites : 362 
Fillet Only Sites: 30 

*Percent of sites in category Maximum was Ftllet: 1 1  

Figure 4- 18 .  Map of geographical distribution of various concentration ranges for a) total 
chlordane and b) total nonachlor in fish tissue. 
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TABLE 4-S 
Sites With Highest Concentrations or 

Chlordane Related Compounds 

Maximum 
C oncentratlon Episode 

Chem ical ng/g Number Type of Fish Location 

Tocal Chlordane 
688 
384 
379 
376 
369 

cis-Chlordaoe 
378 
200 
196 
185 
179 

Crans-Chlordane 
310 
206 
191 
188 
182 

Oxychlordane 
243 

96.2 
91.4 
87.2 

Total Nonachlor 
601 
521 
477 
340.9 
299 

c is-N onachlor 
127 
124 
123 
83.2 
65.7 

trans-Nonachlor 
477 
398 
350 
279 
242 

2215 
3045 
3435 
3376 

WB Carp 
WBeCarp 
WB Bi outh Buffalo gm
WB Carp 

Monongahela, Clairton, PA 
Missouri R., Kansas City, MO 
Mississippi R., Natchez. MS 
Chattahoochee R., Whitesburg, GA 

3048 WBeCarp Mississippi R., West Alton, MO 

2215 
3048 
3045 
3376 
2383 

WB Carp 
WBeCarp 
WBeCarp 
WB Carp 
WB Carp 

Monongahela R., Clairton, PA 
Mississippi R., West Alton, MO 
Missouri R., Kansas City, MO 
Chattahoochee R., Whitesburg, GA 
Des Plaines R., Lockport, IL 

2215 
3435 
3376 
3045 
2190 

WB Carp 
WB Bi outh Buffalo gm
WB Carp 
WB Carp 
WB Carp 

Monongahela R., Clairton, PA 
Mississippi R., Natchez, MS 
Chattahoochee R., Whitesburg, GA 
Missouri R., Kansas City, MO 
Nishnabotoa R., Hamburg, IA 

2427 
2618 
2215 
3117 
2439 

WB Carp 
WB Carp 
WBeCarp 
PF Lalce Trout 
WB Carp 

Peshtigo R. Harbor, Peshtigo, WI 
Hamilton Canal, Hamilton, OH 
Monongahela R., Clairton, PA 
Lake Michigan, Waukegan, IL 
Great Miami R., New Baltimore, OH 

2215 
3377 
3117 
2394 
3181 

WB Carp 
WBeCarp 
PF Lake Trout 
WB Carp 
WB Carp 

Monongahela R., Clairton, PA 
Chattahoochee R., Franklin, GA 
Lake Michigan, Waukegan, IL 
Great Miami R., Franklin, OH 
Ohio R., West Point, KY 

3117 
2215 
3377 
3285 
2383 

PF Lake Trout 
WBeCarp 
WB Carp 
Stingray 
WBeCarp 

Lake Michigan, Waukegan, IL 
Monongahela R., Clairton, PA 
Chattahoochee R., Franklin,GA 
Colorado Lagoon, Long Beach., CA 
Des Moines R., Lockport, IL 

2215 WB Carp Monongahela R., Clairton, PA 
3377 
3117 
2394 
3181 

WBeCarp 
PF Lake Trout 
WB Carp 
WB Carp 

Chattahoochee R., Franklin, GA 
Lake Michigan, Waukegan, IL 
Great Miami R., Franklin, OH 
Ohio R., West Point, KY 

Total number of sites for each chemical was 362. 

84 



48.73 

400 
0 0 

350 
0 

300 

C 250 0 

C 

200 

cij - 1 50  
0 

0 

1 00  

0 0 

B PPG PPNC RI NPL WP IND/URB POTW AGRI 

Summary Table for Total Chlordane Box Plot 

Concentration 
Range

Site Cate9Q!'.Y .ll.. oa/g Mean Stan. Dev. Median 

NASQAN (NSQ) 39 NO - 251 .7 31 .80 64.97 3.66 
Background (B) 20 ND - 38.3 5 .20 10 .30 ND 
Paper Mills Using Cl (PPC) 20.54 63.90 ND39 ND - 379 
Other Paper Mills (PPNC) 1 7  
Refinery/Other Industry (R/1) 

ND - 376 
35.45 

1 1 6 .27 4.52 
55.00 1 1 .2 5 NO - 131 . 5  

Supertund Sites (NPL) 6 NO - 76.60 23.25 27 .53 1 3.42 
Wood Preservers (WP) 1 0  ND - 1 4.23 3.0 4 .69 0.62 
lndustriaVUrban Sites (IND/URB) 31 ND - 384 32 .80 73.25 1 1 .29 
POlW 6 ND - 4.86 1 .42 1 .95 0.63 
Agricultural (AGRI) 1 5  N D  - 1 20.4 1 7.20 30.68 7.85 

n = number of sites in category. ND' s set at 0. Maximum concentrations at sites were used. 

Figure 4- 19. Box and whisker plot for total chlordane in ftsh tissue. 
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(Figure 4-20 ) the highest median concentrations were near refinery/other industry sites and 
industry/urban sites. The only median concentration above the detection limit for oxychlordane 
was near refinery/other industry sites (Figure 4-2 1 ) .  A single dominant source was not observed 
for either compound based on Kruskal-Wallis tests (Table 4-4). 

Dieldrin 

Dieldrin, an organochlorine pesticide widely used prior to 1974, was detected at 60 percent 
of the 362 sites, (Figure 4-22a). The cumulative frequency distribution shows 9 percent of the sites 
with a concentration above l 00 ng/g (Figure 4-22b ). The top 5 out of 362 sites for dieldrin are listed 
below: 

Dieldrin 

Cone. 
n�/2 

Episode
Number Type of fish Location 

450 
405 

3 1 6 1  
3 1 1 7 

WB Sucker 
PF Lake Trout 

Cobbs Cr .. Philadelphia. PA 
Lake Michigan, Waukegan, IL 

323 
3 12 
260 

3036 
2 199 
3272 

WB Carp 
WB Bigmouth Buffalo 
WB White Surfperch 

Nishnabotna R., Hamburg, IA 
Missouri R., Lexington, MO 
Lauritzen Canal, Richmond, CA 

The first two sites are near Superfund sites in industrial areas. The next two sites are located 
in agricultural areas. The fifth site is located at a former pesticide packaging plant. 

The highest median for dieldrin ( 1 3 .0 ng/g) was for locations near Superfund sites and the 
next highest for sites near industrial/urban areas {9.9 ng/g) (Figure 4-23) .  

alpha/gamma-BHC 

Prior to 1977, alpha-BHC was a component of technical grade gamma-BHC, or lindane. 
Lindane is an insecticide/acaricide which has been used to treat seeds, hardwood lumber, and 
livestock and also to control soil pests for tobacco, fruit. and vegetable crops. The five sites with 
the highest concentrations of 362 sites for alpha- and garnma-BHC are listed below. 
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Summary Table f or Total Nonachlor Box Plot 

C oncentration 
Range 

Site Ca189Q!Y ...!L PQ/g Mean Stan. Dev. Median 

NASOAN (NSQ) 39 ND - 221 .3 26.26 49.28 7.07 
20 NO. · 30.4 5.68 9.84 NDBackground (B) 

Paper Mills Using Cl (PPC) 
1 7  

ND. · 159.3 1 7.70 36.1 0  2.29 
NO. · 521 54.00 1 30.03 6.59Other Paper Mills (PPNC) 

Refinery/Other Industry (R/1) 5 ND - 1 66.6 46.48 68.47 28.76 
Superfund Sites (NPL) 6 ND. · 1 32.9 32.35 49.92 14.7 
Wood Preservers (WP) 1 0  ND. • 22.52 5.07 7. 1 5  2 .01 
lndustriaVUrban Sites ( IND/URS) 31  ND. • 245 32.45 50.08 1 1 .3 
POTW 6 NO - 78.2 1 8.49 30.n 2.72 
Agricultural (AGRI) 1 5  NO - 1 05.0 1 9.88 27.75 7 .87 

n = number of sites in category. NO's set at 0. Maximum concentrations at sites were used. 

Figure 4-20. Box and whisker plot for total nonachlor in ftsh tissue. 
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Summary Table for Oxychlordane Box Plot 

Site Category 

NASQAN (NSO) 
Background (B)
Paper Mills Using Cl (PPC) 
Other Paper Mills (PPNC) 

n 

39 
20 
39 
1 7  

Concentration 
Range 
ng/g 

ND.- n.o 
ND.- 4.64 
ND - 1 4.4 
ND - 3.48 

Mean 

4.67 
0.50 
0.73 
0.34 

Stan. Dev. 

1 4. 1 .1 
1 .34 
2.59 
0.92 

AGR I  

Median 

ND 
ND 
NO 
NO 

3.87 4.52 2 .62 Refinery/Other Industry ( R/1) ND.- 1 1 .7 
2.38 5.84 ND - 14.3 NOSuperfund Sites (NPL) 

Wood Preservers (WP)
lndustriaVUrban Sites ( IND/URB) 
POTW 

ND NDND NO 
ND 

6 
3.34 8.25ND.- 42.3 
2.98 7.31 NDND.- 1 7.9 

1 5  2.62 0.68 NDAgricultural (AGRI) ND - 6.75 

n s number ot sites in category. ND's set at 0. 
Maxirn.im concentrations at sites were used. 

Figure 4-21 .  Box and whisker plot for oxychlordane in fish tissue. 

88 



i 
.� 

a) 

iOltl pe,cenli6e 

75ltl pe,oenlile 

501h l)IHCenllll 

20 

DIELDRIN 

I 

• 
362 SilH 

........................... ... .... _ .. ,.. , ... ............................"° 60 80 100 

P8t'centile of Sites 

Dieldrin (ng/g): 
■ • > 1 00  
• • > 2.5 to 1 00  
0 • O to 2.5 

9• 
46 
45 

0 

• 

0 

0 

.. 

0 

Total Sites: 362 
Fillet Only: 30 

•Percent of sites in category Maximum was Fillet: 1 1 

Figure 4-22. Dieldrin: a) cumulative frequency distribution and b) map of geographical
distribution of various concentrations in fish tissue. 
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Summary Table for Dieldrin Box Pk>t 

Concentration 

Site Categgri n 
Range 
PQ/g Mean Stan. Dev. Median 

NASQAN (NSO) 
Background (8)
Paper Mills Using Cl (PPC} 
Other Paper Mills (PPNC) 
Refinery/Other Industry (All)
Superfund Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites (INO/URB) 
POTW 
Agricultural {AGRI) 

39 
20 
39 
1 7  
5 
6 

1 0  
31 

6 
1 5  

ND - 323 
ND - 1 36  
NO - 236 
ND.• 4 1 .5 
ND. · 64.9 
ND.• 260 
ND. · 7.73 
ND. · 1 16 
NDa· 38.2 
N D  - 1 88  

35.46 

1 4  .31 
14 .86 
4.90 

1 6.64 
54.55 

0.97 
1 8.48 

7.86 
43.94 

71.. 1 6  
35.45 
41 .. 1 8  

9.94 
27.40 

101..n 
2.45 

29.71 
1 5. 1 6  
69.37 

NO 
ND 

1 .40 
1 .84 
4.1 8  

1 3.05 
ND 

9.96 
0.64 

ND 

n = number of sites in category. NO's set at 0. Maximum concentrations at sites were used. 

Figure 4-23. Box and whisker plot ror dieldrin in ftsh tissue. 
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01:/� 

alpha-BHC 

Cone. 
n�Li: 

Episode 
Number Type of Fish Location 

44.4 3098 WB White Sucker Red Clay Cr. ,  Ashland. DE 
29.0 
20.8 
1 9 .3 
1 8 .6 

2427 
24 10  
2383 
2056 

WB Carp 
WB Carp 
WB Carp 
WX&Carp 

Peshtigo R. Harbor. Peshtigo, WI 
Rouge R. ,  River Rouge , MI 
Des Plaines R. ,  Lockport, IL 
Ohio R. , West Point, KY 

gamma-BHC (Lindane) 

Cone. Episode 
Number Type of Fish Location 

83.3 3042 WB Carp Missouri R.. Omaha, NE 
44.5 24 16 WB Carp Cuyahoga R. ,  Cleveland, OH 
38 .8  3098 PF American Eel Red Clay Cr. , Ashland, DE 
27.4 2439 WB Carp Great Miami R., New Baltimore, OH 
25.7 3342 WB Spotted Sucker Lumber R . ,  Lumberton, NC 

Five of these sites are near chemical manufacturing plants (2383, 2410 ,  24 16, 3042, and 
3 1 8 1  ). Paper mills were located near three of the sites (2427, 2439, and 3342 ). The remaining site 
is in an agricultural area where mushroom farming is done, which uses large quantities of pesticides. 

Fifty-five percent of these sites were above detection for alpha-BHC, while only 42 percent 
of the sites were above detection for gamma-BHC (Figure 4-24a,b). The box plots for alpha-BHC 
and gamma-BHC are shown in Figures 4-25 and 4-26, respectively. A geographical distribution of 
various concentration ranges of alpha- and gamma-BHC is shown in Figure 4-27a,b. 

COMPOUNDS DETECTED AT BETWEEN 10 AND SO PERCENT OF THE SITES3 

Hexachlorobenzene 

Hexachlorobenzene (HCB) was one of the original targeted compounds because it may 
contain dioxin and is toxic itself. HCB can be produced in a number of ways: as a by-product of 
chlorinated solvent manufacturing; from incineration of municipal waste; from chlorination of 
wastewater; and as a break.down product of lindane. It is also an impurity in other currently 
registered pesticides, (e.g .• pentachloronitrobenzene (PCNB)) and in pentachlorophenol (see profile 

Five chemicals found at less than 10 percent of the sites are presented here for ease of discussion. These are 
1 ,2, 3 ,5 and 1,2,4,5 tricblorobenzene: melhoxycblor: isopropalin; and perthane. One chemical, heptacblor epoxide, 
found at 16 percent of the sites, is presented in the next section with heptachlor. 

3 
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Figure 4-24. Cumulative frequency distribution of a) alpha-BHC and b) gamma-BHC (lindane) 
in fish tissue. 
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Summary Table for Alpha-BHC Box Plot 

Concentration 
Range

Site Cat89Q!Y Jl.. e9'.g Mean Stan. Dev. Median 

NASOAN (NSO) 
Background (B) 20 

ND - 1 2.30 1 .98 2 .98 0.93 
ND - 9.08 0.72 2.09 NO 

39 ND. · 1 1 .30 1 .74 2 .75 NDPaper Mil ls Using Cl (PPC) 
Other Paper Mills (PPNC} 1 7  N D  - 2.n 0.99 0.99 0.85 
Refinery/Other Industry (All) 5 NO. • 4.97 1 .92 2.1 .1 0.96 
Superfund Sites (NPL) 6 NO - 8.43 2.49 3.1 8 1 .26 
Wood Preservers (WP) 1 0  NO. · 1 .08 0.21 0.44 ND 
lndustriaVUrban Sites ( INO/URB) 31 ND - 1 7.48 2.20 4.1 1 0.91 
P01W 6 ND - 3.98 1 .41  1 .82 0.56 
Agricultural (AGRI) 1 5  ND · 7.56 1 .32 2.1 9 NO 

n = number of sites in category. NO's set at zero. Maximum concentrations at sites were used. 

Figure 4-25. Bo:x and whisker plot for alpha-BBC in ftsh tmue. 
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Concentration 
Range

Site Category n ng/g Mean Stan. Dev. Median 

NASOAN (NSQ) 39 ND.- 83.3 3.25 13.91 ND 

Background (BJ 20 ND - 2.97 0. 1 5  0.66 ND 

1 7
Paper Mills Using Cl (PPC) 
Other Paper Mills (PPNC) 
Refinery/Other Industry (R/I) 

2.66 5.85ND.- 25.7 ND 

3.33 6.60 0.63 ND.- 21 .9 
5 1 .21  1 .41  NO · 3 . 1  
6 1 .30 3. 18  ND 

1 .09 ND 

2.97 0.37 

ND - 7.8 

31
1 0  

6 

Superfund Sites (NPL)
Wood Preservers (WP) 
lndustriaVUrban Sites ( IND/URB.
POTW 

ND · 3.3 
NDa- 1 0.5 
ND.- 0.58 0.1 0  

) 
0.24 ND 

Agricultural (AGRI) 1 5  1 . 1 5  2.52 NDND - 9.6 

n • number of sites in category. ND's set at 0. 
Maxirrum concentrations at sites were used. 

Figure 4-26. Box and whisker plot for gamma-BHC in fish tissue. 

Summary Table for Gamma-BHC Box Plot 



Gamma-BHC 
Lindane (ng/g): 
• - > 5  
• • > 2.5 to 5 

0 • O to 2.5 

1 s· 
8 

77 

• 

0 

0 
0 

0 
0 

0 

0 

• 

" 

Total Sites: 362 
Fillet Only Sites: 30 

'Percent of sites in category Maximum was Fillet: 7 

Alpha-BHC (ng/g): 
• •  > 1 0  
• • > 2.5 to 1 0  

o • o to 2.5 

s· 

24 

70 Total Sites: 362 
Fillet Only Sites: 30 

'Percent of sites in category 

Figure 4-27. Map of geographical distribution of various concentration ranges for a) 
gamma-BHC (lindane) and b) alpha-BHC in fish tissue. 

Maximum was Fillet: 1 2  
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9 1 3 

in Appendix C). The compound is not readily affected by transfonnation processes (e.g. , hydrolysis ) 
and has a high potential for bioaccumulation. Given this variety of sources, it is not surprising that 
the compound was found at sites located in nearly all parts of the country (Figure 4-28a). HCB was 
detected at 46 percent o f  the sites (Figure 4-28b ) .  though the median concentration was below the 
detection limit. Pentachlorobenzene is also an impurity in PCNB and was found in detectable 
quantities at some of the same locations as discussed later in this chapter. Sites with the five highest 
concentrations out of 362 sites are listed below: 

Hexachlorobenzene 

Cone. Episode 
O�f: Number Tyge of Samgle Location 

202 
3085 WB Sea Catfish Brazos R., Freeport, TX 
3086 WB Catfish Bayou D' Inde, Sulfur, LA 

93 .7 2532 WB Carp Mississippi R . .  St. Francisville. LA 
85.5 2376 WB White Sucker Quinipiac R. ,  North Haven, CT 
75 3063 WB Sea Catfish Calcasieu R. ,  Moss Lake. LA 

The first two sites are near pesticide manufacturing plants and the remaining sites are near 
manufacturing plants for other types of chemicals. At the Quinipiac River site, there is also a 
Superfund site known to have solvent contamination. The predominant sources for the top I 0 
percentile sites (36 out of 362) were pesticide/chemical manufacturing plants and Superfund sites. 
Six sites originally selected because of organic chemical manufacturing plants were included in the 
top 10  percentile sites. Two agricultural sites where pesticides are extensively used were included 
in the top 10 percentile sites (one at Calipatria. California, and one at Gila Bend. Arizona). A 
statistical comparison (Kruskal-Wallis test. Table 4-3) of all the various source categories (Figure 
4-29) shows that no significant differences exist between any of the categories regarding fish 
contamination leve ls. 

Pentachlorobenzene 

Pentachlorobenzene is an impurity in pentachloronitrobenzene and the sites with the highest 
concentrations of pentachlorobenzene are mostly in Texas and Louisiana (Figure 4-30a). It was 
detected at 22 percent of the sites (Figure 4- 30b). The top five sites are listed below. 
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Figure 4-28. Hexachlorobenzene: a) map of geographical distribution of various concentration 
ranges and b) cumulative frequency distribution in fish tissue. 
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Summary Table for Hexachlorobenzene Box Plot 

Concentration 
Range

Site Category n ng/g Mean Stan.  Dev. Median 

NASOAN ( NSQ) 39 ND.· 6.49 0.63 
Background (B) 

ND 
ND 

1 6.35 
ND.· 6.88 0.60 20 

Paper Mil ls Using Cl (PPC) 
Other Paper Mills (PPNC) 

39 

5 

3.90 ND.· 93.7 ND 
0.54 

2.89 
0.
ND

73
ND 

ND  - 2.7 
ND.· 75 

o.n 
Refinery/Other Industry (R/1) 33.33 

0.60 
ND.- 1 2.5 6Superfund Sites (NPL) 

Wood Preservers (WP}
Industrial/Urban Sites (
POTW 

IND/UAB) 
1 0  

6 

0.24 

0.29 

ND - 1 .89 
ND - 91 3  
N D  - 1 .76 

ND 
1 63.6 

0.72 
Agricultural (AGRI) 1 5 ND - 1 5.6 2.08 4.26 

n .. number of sites in category. ND's set at 0. 
Maximum concentrations at sites were used. 

Figure 4-29. Box and whisker plot for hexachlorobenzene in fish tissue. 
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Figure 4-30. Pentachlorobenzene: a) map of geographical distribution of various concentration 
ranges and b) cumulative frequency distribution in fish tissue. c) Cumulative 
frequency distribution of 1 ,3,5 trichlorobenzene in fish tissue. 
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Pentachlorobenzene 

Cone. Episode 
Number Jyue of Samgle Location 

1 25 
5 1 a.4 
46.3 
42.6 

9 .6 

3086 
3063 
3097 
3085 
2532 

WB Cau·ish 
PF Spotted Sea Trout 
WBaCarp 
WB Sea Catfish 
WBaCarp 

Bayou D' Inde, Sulfur, LA 
Calcasieu R . .  Moss Lake, LA 
Red Lion Cr. , Tybouts Comer. DE 
Brazos R .. Freeport, TX 
Mississippi R., St. Francisville, LA 

Four of these sites are near chemical manufacturing plants and the other site (3097) is a 
Superfund site with HCB contamination. In the top 10  percentile of the sites, 22 of the 36 sites out 
of 362 were near chemical manufacturing plants and nine were near Superf und sites of which four 
had HCB contamination. The box plot (Figure 4- 3 1 )  shows that none of the source categories have 
median concentrations above detection. 

1 ,3 .5 Trichlorobenzene 

The compound 1 ,3,5 trichlorobenzene (TCB) is used as a solvent for dyes and in the 
manufacturing of other organic compounds. Though detected at 1 1  percent of the sites, the 
compound 1 ,3.5 trichlorobenzene was detected above the quantitation limit at only three sites 
(Figure 4-30c). These sites are listed below: 

l ,3,5 TCB 

Cone. Episode 
n�� Number Type of Sample Location 

1 4.9 3403 WB River Carpsucker So. Fork of Holston R., Kingsport. TN 
9.2 2290 WB Spotted Sucker Savannah River, Augusta, GA 
2.77 2056 WBaCarp Ohio River, West Point, KY 

Sites 3403 and 2290 are near paper mills. The latter site also has other industriaVurban 
sources nearby. Site 2056 is near a Superfund site known to be contaminated with PCBs, dioxins, 
furans, and solvents. The median concentration of all source categories was below detection (Figure 
4-32). 

Tetrachlorobenzenes 

Cumulative frequency distributions of the tetrachlorobenzenes (TECB) show that these 
compounds were detected at less than 1 5  percent of the sites (Figure 4-33a.b,c). The tetrachloroben
zenes are moderately to highly volatile and, as a result, may be higher than reported because the 
analytical procedures for this study included an evaporation step. The chemical 1 ,2,4,5 
tetrachlorobenzene is used in the manufacturing of 2,4.5 T (2,4.5 trichlorophenoxyacetic acid), a 
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Summary Table for Pentachlorobenzene Box Plot 

Concentration 

AGRI 

Site Category n ng/g Mean 

39 ND · 1 .26 

Stan. Dev. Median 

0.03 0 .20 ND 
20 ND.· 0.6 0 .03 0. 1 3  NDBackground (8) 

Paper Mills Using Cl (PPC) 
Other Paper Mills (PPNC) 
Refinery/Other Industry ( R/ 1 )  

39 

5 

N D .· 9.61 0 .38 1 .71 ND 
ND · 0 .57 0.08 0. 1 7  ND  

1 1 ..36 22.50 NDND.· 51e.4 
6 ND.· 46.3 7.72 1 8.90 NDSuperfund Sites (NPL) 

ND NDND NOWood Preservers (WP) 1 0  
I ndustrial/Urban Sites { IND/URB) 3 1  ND.· 42.6 1 .84 7.68 ND 

6 NDND NO NDPOTW 
Agricultural (AGRl) 1 5  

n = number ot sites in category. N D's set at 0 .  
Maximum concentrations at sites were used. 

NDs· 0.75 0.07 0 . 20 Nr. 

Figure 4-3 1 .  Box and whisker plot for pentachlorobenz.ene in fish tissue. 
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Summary Table tor. , ,3,5-Trichlorobenzene Box Plot 

Concentration 
Range

Site Category n ngtg Mean Stan. Dev. Median 

NASOAN (NSQ) 39 ND - 0.06 0.002 0.01 ND 
Background (B) 20 ND - 0.24 0.02 0.06 ND 
Paper Mills Using Cl (PPC) 39 NO - 1 4.9 0.40 2.38 ND 
Other Paper Mills (PPNC) 1 7  ND - 2.35 0.1 6 0.57 ND 
Refineries (RFNY) 0. 1 1  0.24 NDNO - 0.54 

0.09 0.22 NDND.- 0.55 

3 1  

Supertund Sites (NPL) 
Wood Preservers (WP) ND N D  NDN D  

0. 1 3 0.32 NDN O  - 1 .20 Industrial/Urban Sites ( INDIURB) 
POTW 6 N D  ND ND ND 
Agricultural (AGRI) 1 5  NDND NO ND 

n .. number o f  sites in category. ND's set at 0. 
Maximum concentrations at sites were used. 

Figure 4-32. Box and whisker plot for 1 ,3,5 trichlorobemcne in fish tissue. 
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primary component of the defoliant Agent Orange used in Vietnam. It has also been used as a 
precursor for the manufacture of other organic chemicals and in the dye industry. The 1 ,2,3,4 isomer 
is a component of dielectric fluids, and was the most commonly detected of the three isomers ( 1 3  
percent of the sites versus 9.4 percent for 1 ,2,3.5 TECB and 9. 1 percent for 1 ,2,4,5 TECB ) .  Median 
concentrations were below detection for all three of these compounds. Geographic distributions of 
TECB concentrations are shown in Figure 4-34a,b,c. 

The sites with the top five concentrations out of 362 were the same for 1 ,2,3,5 and 1 ,2,4,5 
TECB as follows: 

1 ,2,3,5 and 1 ,2,4,5 TECB 

Cone. Episode 
ng/g Number Type of Sample Location 

28.3 3097 PF Brown Bullhead Red Lion Creek, Tybouts Comer, DE 
1 5.3 2056 WB Carp Ohio River, West Point, KY 
1 2.9 2341 WB Carpsucker Ohio River, Markland, KY 
1 2.0 2290 WB Spotted Sucker Savannah River, Augusta, GA 
1 0.7 3086 PF Red Drum Bayou D' lnde, Sulfur. LA 

The first two sampling locations are near Superfund sites, and the others are near chemical 
plants (234 1 and 3086) and paper mills {2290). 

The top five sites for 1 ,2,3,4 TECB are shown below. The first three are the same as 
described above for 1 ,2,3,5 and 1 ,2,4,5 TECB. Site 3096 is located near a refinery, industrial 
chemical facilities, and a POTW. Site 3094 is near chemical manufacturing plants and a POTW. 
Median values from all source categories were below detection (Figure 4-35). 

1 ,2,3,4 TECB 

Cone. 
ng/g 

Episode
Number Type of Sample Location 

76.65 
1 1 .50 
1 1 .3 
10.6 
1 0.4 

3097 
2056 
2341 
3096 
3094 

PF Brown Bullhead 
WBaCarp 
WB Carpsucker 
WB Channel Catfish 
BF Channel Catfish 

Red Lion Creek, Tybouts Comer, DE 
Ohio River, West Point, KY 
Ohio River, Markland, KY 
Delaware River, Eddystone, PA 
Delaware River, Torresdale, PA 
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1 245 TECB (ng/g): 

a) 

1 234 TECB (ng/g): 
• - >5 
a. • 2.5 to 5 
0 • 0 to 2.5 

• Percent of sites in category 

b) 

Total Sites: 
FlUet Only: 
Maximum wu Fillet: 

362 
30 
9 

1 235 TECB (ng/g): 
• = >5 
a. • 2.S2to 5 
0 • 0 to 2.5 

'Percent of sites in category 

c) 

2· 
1 

97 
Total Sites: 
Fillet Only: 
Maximum wu Finet: 

362 
30 
3 

Total Sites: 362 
-• >5 Filet Only: 30

A. • 2.5 10 5 Maximum wu Fillet: 2
0 • O to  2.5 

'Percent of sites in category 

Figure 4-34. Map of geographical distribution of various concentration ranges for a) 1 ,2,3,4 
tetrachlorobenzene, b) 1 ,2,3,S 
tetrachloroben:zene in fish tissue. 

tetrachlorobenz.ene, and c) 1 ,2,4,5 
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Summary Table for 1 ,2,3 ,4-Tetrachlorobenzene Box Plot 

Concentration 
Range

Site Category n ng/g Mean Stan. Dev. Median 

ND ND NDNASQAN (NSQ) ND 
20 

1 7  

0.03 0.08 NDN D  - 0.25Background (B) 
Paper Mills Using Cl (PPC)
Other Paper Mills (PPNC) 

0.03 0. 1 4  NDN D .- 0.88 
NO - 0.1 1 0.02 0.03 ND 

Refinery/Other Industry (R/1) 5 ND - 5.21 1 .74 2.46 

0.32 

ND 
ND 
ND 

6 NO.-20.92 3.49 
1 0

Super1und Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites ( IND/URB.
POTW 

0.1 0  N D - 1 .01 
0.04 0.1 4  ND 

ND ND ND 
N D  N D  ND 

) N O  - 0.76 

15
6 ND 

Agricuhural (AGRI) N D  

n • number of sites i n  category. ND's set at 0.
Maximum concentrations at sites were used. 

Figure 4-35. Box and whisker plot for 1 ,2,3,4 tetrachlorobemene in fish tissue. 
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Pesticides/Herbicides 

Mirex, Chlorpyrifos, Dicofol, Methoxychlor, and Perthane 

Mirex was used primarily to control fire ants in the Southeast between 1 962 and 1 97 5 (NAS. 
1 978) .  Mirex has also been used on pineapple mealy bugs in Hawaii and as a fire retardant in plastics 
and other products. Mirex was detected at 38 percent of the sites primarily in the Southeast and the 
Great Lakes region (Figure 4-36a). The chemical was produced at plants located along the Niagara 
River. and it occurred at high levels in this area as shown below : 

Mirex 

Cone. 
oi:/i: 

Episode 
Number Type of Sample Location 

225 2328 PF Chinook Salmon Lake Ontario, Olcott, NY 
1 37 
1 3 1  

3305 
2329 

WB Channel Cau·ish 
PF Brown Trout 

Racquette R. ,  Massena. NY 
Lake Ontario, Rochester, NY 

85.4 
73 .7 

3412  
330 1  

WB Carp 
WB Carp 

Oswego Harbor, Oswego ,  NY 
Eighteen Mile Cr. , Olcott, NY 

The box and whisker plot (Figure 4-37) shows that the highest concentration was found in 
the industrial/urban category. The only median value above detection was for sites in the 
refinery/other industry category. 

Chlorpyrifos. an organophosphate insecticide, was originally developed in the 1 960's  to 
replace organochlorine pesticides such as DDT. It is used on cotton, peanuts, sorghum, and a variety 
of fruits and vegetables, as well as for control of termites and household pests. For chlorpyrifos, 
over 70 percent of fish concentrations at all sites were below detection (Figure 4-36b). The 
geographic distribution map shows that the few sites with relatively high concentrations (above 50 
ng/g) are scattered throughout the East and Midwest and in California (Figure 4-38) . The highest 
concentrations were observed at sites near agricultural facilities. The top 5 out of 362 sites are listed 
below: 
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Figure 4-36. Cumulative frequency distribution of a) mirex and b) chlorpyrifos in fish tissue. 
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Concentration 
Range 

Site Category n ngtg Mean Stan. Dev. Median 

NASOAN (NSQ) 39 ND-23.1 1 .6 5 .0  ND 
Background (B) 20 ND-1 1 .3 0 .7 2 .5 ND 
Paper Mills Using Cl (PPC) 39 ND-21a.6 1 .6 4.0 ND 
Other Paper Mills (PPNC) 1 7  ND-35.5

5 
9.6 ND 

RefinerieS/Other Industry (R/1) 
Superfund Sites (NPL) 

ND-2.0 0.8 0 .9 0.7 
6 ND-0.8 0.2 0.3 ND 

Wood Preservers (WP) 1 0  ND-0.5 0.1 0.2 ND 
Industrial/Urban Sites ( IND/URB) 31 ND-85.4 3.9 1 5.6  ND 
POTW 6 ND-2.6 0.6 1 . 1 ND 
Agricu ltural (AGRI)  1 5  ND-1 0.4 3.0 ND 

n = number of sites in category. ND's set at 0. Maxirn.im concentrations at each site were used. 

Figure 4-37. Box and whisker plot for mircx in fish tissue. 

Summary Table for Mirex Box Plot 

109 

https://Maxirn.im


Chlorpyritos (ng.'Q): 
. - > 50 1 •
. - > 2.5 to so 1 7  

0 - 0 1082.s 82 Total Sites: 362 
Fillet Only: 30 
Muimum was Fillet: 8 "Percenc of sites in category 

Figure 4-38. Map of geographical distribution of various concentration ranges for chlorpyrifos 
in fish tissue. 
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344 

3 375 

Chlorpyrifos 

Cone. Episode 
oi/a Number Type of Sample Location 

3282 WB Carp Alamo R., Calipatria, CA 
64 . 5  WB Carp Chattahoochee R. , Austell, GA 
63 . 7  3071  WB Carp San Antonio R. , Elmendorf, TX 
62. 7 3 1 4 1  PF Northern Pike Milwaukee R., Milwaukee, WI 
6 1 . 7  3283 WB Carp New R. , Westmoreland, CA 

Three of the sites are located in agricultural areas, while the remaining sites (307 1 and 3 1 4X1 )  
are located in urban areas with a variety of nearby industrial sources. The box and whisker plot 
also shows that the highest mean concentration was for sites in the agricultural category (Figure 
4-39). 

D icofol, methoxychlor, and perthane are pesticides similar in structure to DDT, but less 
persistent Dicofol and methoxychlor are active ingredients of currently registered pesticides. 
These three pesticides were detected at less than 1 6  percent of the sites versus 99 percent of the sites 
for DDE, the metabolic breakdown product of DDT ( F igure 4-40a,b,c). Dicofol is primari ly used 
to control mites on conon and citrus crops. Other crops to which it has been applied include apples, 
pears, apricots, cherries, and vegetables. It is also used on turf and shade trees. Methoxychlor, also 
simi lar to DDT, has not been widely used since 1 982. Prior to that time, it had been applied to a 
wide variety of fruit, vegetable, and forage crops and had been used to control mosquitos and flies 
in homes and businesses. Methoxychlor has a lower bioaccumulation factor than dicofol and was 
detected at fewer sites ( 7 percent versus 1 5 .  5 percent). D icofol and methoxychlor concentrations 
were greater than the quantification limit of 2 . 5  ng/g in samples from 7 and 5 percent of the sites, 
respectively (see F igure 4-4 l a,b) .  Most of the sites appear to be in agricultural areas where citrus 
and other fruits and vegetables are grown. The box plot for dicofol is shown in Figure 4-42. The 
highest mean concentration of all the categories was for sites near agricultural areas (2. 7 ng/g). 

The highest five concentrations of dicofol and methoxychlor are l isted below: 

D icofol 

Cone. Episode 
Dw'.i Number Type of Sample Location 

74 . 3  3 3 5 5  W B  Carp Old Mormon S lough, Stockton, CA 
36 .0  3252 WB Sucker Boise River, Parma, ID 
21 . 1  3 1 98 WB Sucker South Platte River, Denver, CO  
1 8. 4 3208 WB Sucker Malheur River, Ontario, OR 
1 4. 9  3 1 1 7  PF Lake Trout Lake Michigan, Waukegan, IL 
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Summary Table for Chlorpyrifos Box Plot 

Concentration 
Range

Site Category n ng/g Mean Stan. Dev. Median 

0.40
NASOAN (NSQ) 
Background (B) 
Paper Mi lls Using Cl (PPC) 
Other Paper Mills (PPNC) 

ND-40.8 7.43 
1 .29 

ND 
ND20 ND-5. 1 3  

1 . 1 5  5.02ND-22.6 ND 

5 
4.71 

ND 

ND-45.6 
ND-19.4 

1 1 ..98 ND 
Refineries/Other Industry (R/I) 8.43 0 .48 

6 ND N D  NDSuperfund Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites ( IND/URB) 
POTW 

31
1 0  

6 

0.25 0.79 ND-2.51 ND 
3.89 1 1 .50 ND-61..7 ND 

ND NDND ND 
Agricultural (AGRI) 15 ND-344 24.46 88.56 ND 

n =- number of sites in  category. ND's set at 0. 
Maximum value at each site was used. 

Figure 4-39. Box and whisker plot for chlorpyrifos in fish tissue. 
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Figure 4-40. Cumulative frequency distribution of a) dicofol (kelthane) , b) methoxychlor, and 
c) perthane in fish tissue. 
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0 
.. 
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Figure 4-4 1 .  Map of geographical distribution of various concentration ranges for a) dicofol 
and b) methoxychlor in fish tissue. 
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Stan. Dev. Median Mean 

39 0.54 

0.74 ND-4.53 
1 7  ND-2.44 

ND-3.69 
ND 

1 5  5.41 

20 

1 8  

1 6  

1 4  

oi 1 2  

0 1 0  

8 

6 
0 

I 0 
4 0 

I 0 
2 

0 

0 
NSQ B PPC PPNC R/1 NPL WP 

0 

0 

INO/URB POTW 

0 

AGRI 

Summary Table for Oicofol Box Plot 

Concentration 
Range 

Site Category n ng/g 

20 0.27 
1 .44 ND 
0 .70 NO 

NASOAN (NSQ) 
Background (B) 

ND-5.37 
N0-2.29 

ND39Paper Mi lls Using Cl ( PPC) 0. 1 4  

5 
0.28 0.65 NDOther Paper M ills (PPNC) 

Refineries/Other Industry (R/1) 1 .61 ND1 .02 

ND 
NO NDSuperfund Sites (NPL) 6 ND 
ND ND1 0Wood Preservers (WP) 

lndustriaVUrban Sites ( INO/URB) 
ND 

3 1  ND-0.50 0.02 0.09 ND 
0.68 1 .67 NDPOTW 6 ND-4.09 

Agricultural (AGRI)  ND-1 8.40 2.66 ND 

n = number of sites in category. ND's set at 0. 
Maximum concentrations at sites were used. 

Figure 4-42. Box and whisker plot for dicofol in fish tissue. 
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Methoxychlor 

Cone. 
o�/i 

Episode 
Number Type of Sample Location 

393. 3 195 WB Chub Jordan River, Salt Lake City, UT 
1 7.9 3375 WB Carp Chattahoochee River, Austell, GA 
8 . 22 2056 WB Carp Ohio River, West Point, KY 
8.e1 5  3 172 WB Carp Coosa River, AIJGA State Line 
7 .7e1 3 144 WB Carp Fox River, Ponage, WI 

The two highest concentrations (3355 and 3 195) were found near Superfund sites. The 
Stockton, California, site is also influenced by agricultural runoff. Two additional locations were 
near Superfund sources which could be identified as the cause for the high concentrations. 
Agricultural areas and pesticide manufacturing plants were also near sites in the top 10 percentile. 

Perthane was detected above the quantitation limit in only one sample-a whole body catfish 
from the Delaware River at Torresdale, Pennsylvania (3094) where this compound was manufac
tured. Prior to 1 980, perthane was used as an insecticide on fruit and vegetable crops and to protect 
woolens against moths and beetles. 

Trifluralin and Isopropalin 

Trifluralin and isopropalin, both currently registered dinitroaniline herbicides, were found 
above the quantitation limit at 1 1  and 3 percent of the sites, respectively (Figure 4-43a,b). The 
largest quantities of trifluralin are used primarily on soybeans, cotton, peanuts, wheat, and barley. 
The States with the highest uses are Arkansas, Illinois, Iowa, Minnesota, Missouri, North Dakota, 
South Carolina, Tennessee, and Texas (Resources for the Future, 1986). With a few exceptions, 
the sites with the highest concentrations were located in these States. Three of the sites on the 
Missouri River in Nebraska and Kansas were located near pesticide manufacturing plants (Figure 
4-44a,b). Trifluralin has a low leaching potential from soils due to its strong capacity for sorption. 
lsopropalin is less persistent in the aquatic environment due to its greater volatility. Isopropalin 
was also used on fewer crops, primarily tobacco, peppers, and tomatoes, and therefore would be 
expected to be less prevalent. At present, the only currently registered use is for tobacco. Box plots 
for trifluralin and isopropalin show that all median values for the categories were below detection 
(Figures 4-45 and 4-46, respectively). 

Endrin 

Endrin is an organochlorine pesticide and a contaminant of dieldrin. Endrin was detected 
in at least one sample from 10.5 percent of the sites (Figure 4-47a). Endrin is less persistent in the 
environment than dieldrin and has a lower bioconcentration factor. Endrin was used on tobacco 
crops prior to cancellation of this use in 1964. Until 1979 it was used mostly to control bollwonns 
on cotton in the Southeast. Other past uses included controlling termites, mice, and rodents, and 
treatment for a variety of grains and other crops. In 1 984, all registered uses of endrin were 
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Figure 4-43. Cumulative frequency distribution of a) trifluralin and b) isopropalin in fish tissue. 
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Figure 4-44. Map of geographical distribution of various concentration ranges for a) trifluralin 
and b) isopropalin in fish tissue. 
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Summary Table for Trifluralin Box Plot 

Concentration 
Range

Site Category n ng/g Mean Stan. Dev. Median 

.s 

·c:
I-

1 00 

80 

40 

20 

0 

39 n.01 ND20.92NASQAN (NSQ) 
Background (B) 
Paper Mi lls Using Cl (PPC) 
Other Paper Mills (PPNC) 

ND-458 
37.73 ND 

3.70 ND 
0.82 ND 

ND- 1 63  
ND-23.1  39 

0.58 
H ND-3.4 

1 .30 ND5Refineries (RFNY) ND .· 2.9 
ND ND ND6 ND 

ND ND
Superfund Sites (NPL) 
Wood Preservers (WP) 
lndustriaVUrban Sites ( IND/URB) 
POTW 

ND1 0  

6 
1 8.83 ND 

ND ND 
46.52 ND 

6.37 

23.35 

ND-82.8 
ND 

Agricuttural (AGRI)  1 5  ND- 1 53 

n • number of sites in category. N D's set at O. 
Maximum concentrations at sites were used. 

Figure 4-45. Box and whisker plot for trifluralin in fish tissue. 
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Concentration 
Range 

Site Category n ng/g Mean Stan. Dev. Median 

NASQAN {NSQ) 39 ND-25.9 1 .27 4.89 ND 
Background (B) 20 ND ND ND ND 

B 

Summary Table for lsopropalin Box Plot 

Paper Mills Using Cl (PPC) ND ND ND ND 
Other Paper Mills (PPNC) 1 7  ND ND ND ND 
Refinery/Other lndustry(R/I ) 5 ND ND ND ND 
Super1und Sites (NPL) 6 ND ND ND ND 
Wood Preservers (WP) 1 0  ND-1s0.2 1 .02 3.23 ND 
lndustriaVUrban Sites (IND/URB) 31 ND-37.5 1 .83 6.98 ND 
POTW 6 ND ND ND ND 
Agricultural (AGRI) 1 5  ND ND ND ND 

n • number of sites in category. ND's set at o. 
Maxim.Jm concentrations at sites were used. 

Figure 4-46. Box and whisker plot for isopropalin in fish tissue. 
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Figure 4-47: Endrin: a) cumulative frequency distribution and b) map of geographical 
distribution of various concentration ranges in fish tissue. 
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voluntarily canceled. The geographic distribution of sites is shown in Figure 4-47b. The box plot 
(Figure 4-48 )  shows that median concentrations for all source categories were below detection. 

COMPOUNDS DETECTED AT LESS THAN 10 PERCENT OF THE SITES4 

Octachlorostyrene 

Octachlorostyrene is not intentionally produced. It can be formed as a by-product of the 
electrolytic production of chlorine using graphite anodes and coal tar pitch and the electrolytic 
production of magnesium. The sites where it occurred at levels above quantification (2 .5 ng/g) are 
located in areas where industrial organic chemicals are manufactured. It was detected at only 
9 percent of the sites (Figure 4-49a). 

Hexachlorobutadiene 

Hexachlorobutadiene is a by-product of the carbon disulfide process for the manufacture of 
the solvent carbon tetrachloride. It was detected in at least one sample from three percent of the 
sites (Figure 4-49b). Concentrations were above 2.5 ng/g at only four sites. The top five sites (all 
of which are near organic chemical manufacturing plants) are listed below: 

Hexachlorobutadiene 

Cone. 
n�t� 

Episode 
Number Type of Sample Location 

1 64.00 3063 WB Sea Catfish Calcasieu R., Moss Lake, LA 
23.00 3085 WB Sea Catfish Brazos R. ,  Freeport, TX 
1 0.50 
2.54 
2.37 

3 1 1 5 
3065 
3086 

PF Catfish 
WB Flathead Catfish 
WB Catfish 

Mississippi R., E. St. Louis (Sauget), IL 
Mississippi R., Baton Rouge, LA 
Bayou D'Inde, Sulfur, LA 

Diphenyl Disulfide 

Diphenyl disulfide was detected at only two sites (Figure 4-49c). This compound is used in 
small amounts in the pharmaceutical industry, in the vulcanizing of rubber, and as a flavoring agent. 

Some chemicals found at less than IO percent were presented elsewhere for ease of discussion. See footnotes 2, 
page 57. and 3, page 9 1 .  

4 
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Summary Table for Endrin Box Plot 

Site Category 

NASOAN (NSO) 
Background (B) 
Paper Mi lls Using Cl (PPC) 
Other Paper Mills (PPNC) 
Refinery/Other lndustry(R/I) 
Superfund Sites (NPL) 
Wood Preservers (WP) 

Concentration 
Range 

n nglg Mean Stan. Dev. 

0.53 
2.00 
5.22 
ND 
ND 

3.64 
ND 

1 .65 
6.50 

25.90 
N D  
ND 
6.55 
ND 

Median 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

39 
20 
39 
1 7  

5 
6 

1 0  

ND-7.5 
ND-26.5 
ND-1 62 
N D  
N D  
ND-1s6.2 
ND 

Industrial/Urban Sites { IND/URS) 
POTW 

0.32 1 .38 NDND-7.37 
6 ND N D  ND ND 

ND-45.4 4.23 1 2.30 NDAgricultural (AGRI) 

n = number of sites i n  category. ND's set at 0 .  
Maximum concentrations at sites were used. 

Figure 4-48. Box and whisker plot for endrin in fish tissue. 
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3.95 

Pesticides/Herbicides 

Nltrofen 

Nitrofen is a selective herbicide that has not been used in the United States since 1984. Prior 
to that time it was used to control weeds in vegetables including sugar beets, rice, and on cereal 
grains. It can biodegrade and undergo photolysis so this chemical is less persistent than a compound 
such as DDT, and was detected at only 2.8 percent of the sites (Figure 4-49d). This compound was 
above the quantitation limit at the following sites: 

Nitrofen 

Cone. 
oila 

Episode
Number Type of Sample Location 

17 .9 
1 2.8 
10.4 
10.6 

3354 
3300 
2654 
3302 

WBaCarp 
WB White Sucker 
WB Carp 
WB White Sucker 

New Mormon Slough, Stockton, CA 
Niagara River Delta, Poner, NY 
Toms River, NJ 
Niagara River, Lewiston, NY 
Blanco Drain, Salinas, CA 3288 PF Squawfish 

The site with the highest concentration is located near a Superfund site, as is the Toms River. 
New Jersey, site. The Stockton, California, site is also influenced by agricultural runoff. The 
Ni&gara River sites are near chemical manufacturing facilities and agricultural areas. The Blanco 
Drain is located in an agricultural irrigated area where pesticides are used extensively. 

Heptachlor and Heptachlor Epoxide 

Heptachlor is an insecticide that has been used to control fire ants in southern States and soil 
insects on com. Its uses were limited in 1 983 to subsurface termite control and dipping of nonfood 
roots and tops. Massachusetts, Minnesota, and New York allow no uses. It is also a contaminant 
of chlordane, which is widely used for termite control, especially in urban areas. Heptachlor is 
moderately volatile and can also be transformed by other environmental processes including 
hydrolysis and photolysis. It is metabolically converted to heptachlor epoxide, which bioaccumu
lates to a greater extent than heptachlor and is less affected by transformation processes. Heptachlor
epoxide was detected in samples from more sites and, in general, at higher concentrations than 
hepta.chlor (Figure 4-S0a,b). Thirteen percent of the sires had maximum concentrations over 
2.5 ng/g for heptachlor epoxide, but only 3 percent for heptachlor. Heptachlor epoxide was found 
at higher concentrations in the Midwest, particularly in the Mississippi River system (Figure 4-5 1 ) . 
The box plot for heptachlor epoxide shows that median concentrations for all categories were below 
detection (Figure 4-52). 
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Figure 4-50. Cumulative frequency distribution of a) heptachlor and b) heptachlor epoxide in 
fish tissue. (Maximum concentration at each site was used. Bar on x-axis 
represents sites below detection.) 
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Summary Table for Heptachlor Epoxide Box Plot 

Concentration 
Range 
!;!G'gSite CateSQ!l'. n Mean Stan. Dev. Median 

1 .6 
NASQAN (NSQ) 39 ND. · 63.2 1 1 .2 ND 

20 N0. - 1 9.9 5.0 NDBackground (8) 
Paper M ills Using Cl (PPC) 39 ND. · 28.7 1 . 1 5.0 ND 
Other Paper Mills {PPNC) 1 7  NO. • 2 .9  0.2 0.7 ND 
Refinery/Other Industry (R/1) 5 ND. · 2 .3 0.5 1 ND 
Superfund Sites (NPL) 6 ND ND ND ND 
Wood Preservers (WP) 1 0  NO NO NO ND 
lndustriaL/Urban Sites ( IND/URB) 31 ND.• 24. 1  1 .3 4.7 ND 
POTW 6 ND ND ND ND 
Agricultural (AGRI) 1 5  ND - 9.3 0.6 2.4 N D  

n ,. number of sites i n  category. ND's set at 0. Maximum concentrations at sites were used. 

Ff gure 4-52. Box and whisker plot for heptachlor epoxide In ftsh tissue. 
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Pentachloronitrobenzene 

Pentachloronitrobenzene (PCNB) is used as a soil fungicide, a seed dressing agent for 
peanuts, to control stem and root rot on tlowers and vegetables, and to minimize mold growth on 
cotton and turf. PCNB was detected at four sites (Figure 4-53a,b). The highest concentration of 
PCNB was found in a whole-body carp sample from the Missouri River at St. Joseph (3044) located 
near an agricultural chemical manufacturing plant. and the next highest was a whole-body carp 
sample from the Scioto River at Chillicothe, Ohio (3 132) near pesticide and inorganic chemical 
manufacturing plants and a Superfund site. 

COMPARISON WITH NATIONAL CONTAMINANT BIOMONITORING PROGRAM 

The National Contaminant Biomonitoring Program (NCBP}, formerly part of the National 
Pesticide Monitoring Program, is an ongoing study begun in 1964 to determine how organochlorine 
pollutant levels vary over geographic regions and change over time. Fish have been monitored 
since 1967 and the latest analyses were perfonned in 1984 for 19 organochlorine compounds and 
7 metals (cadmium, lead, mercury, arsenic, copper, selenium, and zinc). Fifteen of the or
ganochlorine compounds and mercury were also analyzed in the NSCRF. 

The 1984 NCBP sampled 1 12 sites for organic chemicals and 109 sites for metals. The 
monitoring sites were selected to represent watersheds, and included all of the major river basins in 
the continental United States. Only 1 1  sites were common to both the NCBP and NSCRF studies. 
Composite samples consisted of five fish and were collected at each site for three fish species-two 
bottom feeder species and one predator species. 

A total of 15  organic compounds and mercury were measured in both studies. In the NSCRF, 
1 1  compounds were found at greater than SO percent of the sites. Eight of these compounds were 
analyzed in the NCBP: p,p'-OOE, PCBs, dieldrin, cis- and trans-chlordane, pentachloroanisole, 
trans-nonachlor and alpha-BHC. All of these compounds, exceptalpha-BHC, were found at greater 
than 50 percent of the sites in the NCBP. Several other pesticides were found at higher concentra
tions in the NCBP including dieldrin, endrin, gamma-BHC, and chlordane-related compounds. This 
is consistent with the larger proportion of sites near agricultural areas in the NCBP. Additionally, 
the percent occurrence for p,p' -ODE and PCBs in both studies is very close. The percent occurrences 
for ODE were 99 in the NSCRF and 98 in the NCBP, and 9 1  for PCBs in both studies. Mercury 
was similar, found in samples from 92 percent of the sites in the NSCRF and 100 percent of the 
sites in the NCBP. These results highlight the ubiquitous extent of these three compounds. 
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Chapter 5 - Fish Species Summary and Analysis 

This chapter provides biological information on the various fish species sampled as well as 
a summary of average fish tissue concentration data by type of fish species. At most of the sampled 
sites. few,  if any. different types of species were collected. As a consequence. only limited 
bioaccumulation or other comparions can be made between fish species for a given sampling site. 
Nevertheless, the tables showing the concentration of chemicals by fish species may provide a good 
basis for follow-up studies or as a supplement to other fish contamination studies. Additionally, 
the information on fish feeding strategies may prove useful in developing future source correlation 
studies. 

SUMMARY OF FISH SPECIES SAMPLED 

Though protocols were established to minimize fish sample variables among sites, over 1 1 9 
different species representing 33 taxonomic families of fish were collected for this study. Fresh
water, estuarine, and marine samples were included. Table 5- 1 lists the species by scientific and 
common name and shows the number of sites at which they were sampled. This table also shows 
feeding strategy and indicates whether the fish is found in a freshwater and/or marine environment. 
Sampling locations were shown earlier in Figure 2-4. Tissue concentrations have been measured 
in catadromous species (e.g., American eel, Anll;uilla rostrata}: anadromous species (e.g . ,  salmon , 
Onchorhynchus): and freshwater, estuarine, and marine species. in addition to exotic introduced 
species such as Tilapia In addition, 17 samples of shellfish were collected, which are described at 
the end of this section. 

The 14 most frequently sampled species were as follows: 

Bottom Feeder Species Numberof Sites Where Sampled 
Carp 
White Sucker 32 
Channel Catfish 30 
Redhorse Sucker 16 
Spotted Sucker 1 0  

Game Species Number of Sites Where Sampled 
Largemouth Bass 
Smallmouth Bass 

83  
26 

Walleye 
Brown Trout 

22 
1 0  

White Bass 1 0  
Nonhem Pike 8 
Flathead Catfish 8 
White Crappie 
Bluefish 

7 
5 
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TABLE S-I 
Distribution and Feeding Strategy ror Fish Species Collected 

Feeding No. of 

Scientific Name Common Name Range 1 Strategy 2 Sites 3 

Class - Chondrichlhyes 
Order - Squahformcs 
Family- Carcbarbinidae 

Ir::iatis �i!iw;ia&a Leopard Shark 
Order - Rajiformes 
Family - Rajidae 

Raja bincx;nli1&1 Big Sklle 
Family - Dasyatidae 

Dasyatis (species unknown) Stinpay 
Order - Chimaeriformes 
Family - Chimacridae 

l:b:liwlil&US Si::llllilCi Spotted Ratf'ISb 
Class • Osteichlhyes 
Order - Acipenseriformes 
Family - Acipenseridae 

AciQcDs::z: msmaDIIDIII Wblce Sturgeon 
Order - Semionotifmnes 

Family.• Lepi.sosteidae 
LCJ2isgs"us lls.m&a Lonpose Glr 
LCJ2iSQS1CU$ Dlll&l:IIQIDUI Sbonnose Oar 

Order - Amiiformes 
Family.- Amildae 

Amia c;aJra Bowfin 
Order • Anquilliformes 
Family - Anquillidae 

Anruilla msrrara American Eel 
Order • Clupeiformes 
Family - Oupeidae

Alosasagidiniml Americ:aD Shad 
PCD2sama ccmti.aum Giu.ard Shad 

1 &tuarineJMuiae: M • Mariae: FL F,wlsailii. (I) • I• a,, c 1 
2 P • Predator: B • Boaom neclar 
3 Number of riia when fub - coUeald ud auly-' 

SOURCE: AFS. 1980 

Pi.sc. • Pi.,civorom: Omai. • o..ifflWI 

M 

M 

M 

M 

Bodi 

F 
F 

F 

Boch 

Boch 
Bodi 

p 

B 

p 

p 

p 

p 
p 

P (Pisc. ) 

p 

p 
p

(Fairer Feeder) 

4 

1 

1 

2 
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Cawiodes C:il2DDll5 
Catcstowus catoswmus 
C.atcstomus wlumbia1ms 
Catcstomus commci:slllli 
Catcstomus m�wcbcilus 
CallJstomus occw:ota.lis 

TABLE 5-1 (CONT.) 

Feeding 
Sites 3
No. of 

1Scientific Name Common Name Range Strate2Y 
-, 

1 Estuarine/Marine: M .. Marioe: F .. Freshwater: [I) = Introduced 
2 P .. Predator: B = Bottom Feeder 
3 Number of site., where fuh were collected aod analyzed 

SOURCE: AFS. 1980 

Pi.Jc. -= Pi.scivoroos: Omni. = Omnivorous 

Order - Osteoglossiformes 
Family - Hiodontidae 

Hjodon alosmctes 
Order - Salmoniformes 
Family - SaJmonidae 

Ci:m: 2onus clu�fowi is 
Qw;;o[bllJcbus 2o[l:n1scba 
Qnco[b:.:Di;:bus kis1m::.b 
QnCQ[llllJCbUS w:z:kjss 
Qocorb:.:Di;:bus �Wl.�lr'.ts�ba 
PCQSQt!ll.llll �illiawsooi 
Sa).mo c)adct 
Salmonsalar 
Salwo ll1ltta 

Salvelinus fontinalis 
sa1�elwus wa.lwa 
$al�elm11s oawa:i:i;:u.sb 

Family - Osmeridae 
li)l!Drocsus tia:Liosus 

Family -Esocidae 
Esoxlucius 
Esoxni2er 
.E.so.l spp. 

Order - Cypriniformes 
Fanuly - Cyprinidae 

Carwlsius ancaws 
CtenopbaryneQIJonnjdella 
Cygnnus caa,io 
ililanspp. 
QlllJQiloo mirn2lctiiaows 

Acroc,beilus alur.iu:eus 

Ptyi;:bcx;beUus 
Family -Catostomidae 

Cawiooes caa,io 

Goldeye 

Lake Whitefisb 
Pink Salmon 
Coho Salmon 
Rainbow Trout 
Chinook Salmon 
Mouniain Whitefish 
Cutthroat Trout 
Atlantic Salmon 
Brown Trout 
Brook Trout 
Dolly Varden 
Lake Trout 

Surf Smelt 

Northern Pike 
Chain Pickerel 
Pickerel; Pike 

Chiselmouth 
Goldfish 
Grass Carp 
Common Carp
Chub 
Sacramento Blackfisb 
Squawfisb 

River Carpsucker 
Quillback 
Longnose Sucker 
Bridgelip Sucker 
White Sucker 
Largescale Sucker 
Sacramento Sucker 
Sucker (unspecified) 

F 

Both 
Both 
Both 
Both 
Both 

F 
Both 
Both 

Both(I] 
Both 
Both 

F 

Both 

F 
F 
F 

F 
F[I] 
F[I] 
F[n
F 
F 
F 

F 
F 
F 
F 
F 
F 
F 

p 

p 
p 

P (Pisc.) 
P (Fish. Insects, Algae) 

P (Pisc.)  
P (Aq. Insects) 

p 
P (Pisc.) 
P (Pisc. l 

p 
p 

P {Pisc.) 

B 

P {Pisc.) 
p 
p 

B 
B 
B 

B (Omni. )  
B 
B 

B (Pisc.) 

B 
B 
B 
B 

B (Omni. )  
B 
B 

I 
I 
I 
7 
I 
I 
I 
2 
10 

2 

8 
4 
1 

I 
135 
I 
I 
9 

4 
l 
2 
3 
32 
2 
3 
32 

1 33 
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TABLE 5-1 (CONT.) 

1Range 
F 
F 
F 
F 
F 

F 
F 

F 
F 
F 
F 
F 
F 
F 

F 
F 
F 
F 
F 
F 
F 

Both 

M 

Bodi 
F 

Both 

Feeding No. or 
2 3Strategy SitesScientific Name 

EcillU'.ZDll DlliDD�PS 
Etim:i:zon sucena. 
1:l�nu:hvw n1etii::ans 
tctiollus 12u12a1us 
Icuohns c:i:minellus 

Ictiobns meer 
�illnrewa wclaJJogs 

MQ3Q51Qma aoisurum 
MQ3os1i;imacgn2cswm
MD!.DStllllla llPQYCSDCi 
MQ!.llSlQ!Ila eex:thrurum 
M llXQSIQllla wai;;mlegidllWm 
Muxostumagoccilurum
MIJ!.QSlQllla 

Order - S iluriformes 
Family - Ictaluridae 

IctaJurus rants 
Icta1W11s t:w:wiws 
Xcta!Wlls meias 
Ictalurus catalis 
Iclalurus DCbl.11llSl.1S 
li:ta.ll.llJls 01.11u;w11s 
e:x:lll!.licus cli:iacs 

Family - Ariidae 
Arius Celis 

Order - Gadiformes 
Family - Gadidae 

Gadus morhua 
Order - Perciformes 
Family - Percichthyidae 

M!Jlll11e awcwca 
Mom11ecruysogs 

Moro11e saxa@s 

Common Name 
Creek Cbubsucker 
Lake Cbubsucker 
Northern Hog Suck.er 
Smallmoutb Buffalo 
Bigmouth Buffalo 

Black Buffalo 
Spotted Sucker 

Silver Redborse 
Gray Redborse 
Black Redborse 
Golden Redhorse 
S borthead Redhorse 
Blacktail Redhorse 
Redhorse Sucker 

White Catfish 
Blue Catfish 
Black Bullhead 
Yellow Bullhead 
Brown Bullhead 
Channel Catfish 
Flathead Catfish 
Catfish (IDlspecified) 

Hardhead Catfish 

Atlantic Cod 

White Perch 
White Bass 

Striped Bass 
Bass ( unspecified) 

B 
B 
B 
B 
B 

(Zooplankton & Crust l 
B 

B (ZoopJankton 
Insect Larvae/Plants I 

B (Aq. Insects) 
B (Aq. Insects) 
B (Aq. Insects) 
B (Aq. Insects) 
B (Aq. Insects) 
B (Aq. Insectsl 
B (Aq. Insects) 

B 
B (Omni.) 
B (Omni.) 
B (Omni.) 
B (Omni.) 
B (Omni.) 
P (Pisc. )  

B 

p 

p 
p 

(Fish & Insects) 
p 

1 
l 
I 
5 
4 

l 
10 

l 
1 
1 
1 
l 
l 

16 

4 
6 
2 
l 
4 
30 
8 
1 1  

7 

4 
1 0  

1 
3 

1 E.stuanneJMarine: M = Marine: F = Freshwaier: (I) = lllll'Oduced 
2 P = Predacoc: a '" Bottom Feed« 
l Number of situ where fish were collected and aa&lyzd 

SOURCE: AFS. 1980 

Pisc. = Piscivoroos: Omni. = Omniva-ow 
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A0lcdiua1J1S amnniens 

TABLE 5-1 (CONT.) 

Feeding ., No. of 
Scientific Name Common Name Range 1 Strategy - Sites 3 

Family - Centrarcbidae 
Ambwghtes DJa!:SWS Rock Bass F p � 
Legom1s aunrus Redbreast Sunfish F p 2 
Legom1s i:;�auellus Green Sunfish F p 2 
Lcww� aibb!lsus Pumplcinseed F p I 

Legomis au)osus Warmoulh F p I 

l ,cgowis macmi;;biws Bluegill F P (Insects) 4 
Legowisw1a:aJo!.is Longear Sunfish F p I 

LcgomjsWli:llllQD:bJ.IS Redcar Sunfish F P (Mollusks) l 
Microgtmis�QQsai. Redeye Bass F p l 
Mii;togtaus !JQIQm.11:ui Smallmoulh Bass F P (Pisc. ) 26 
Micrmm::ws WJuus Suwannee Bass F p I 

Mi.i;:cmm:ws guoi:tuLarus Spotted Bass F p 3 
Mi.i;:c!llltcws�la:u:udes Largemoutn Bass F p 83 
eomo3.isano11la.t:ri Wbite Crappie F P (Pisc . )  7 
eomo3.is 11iacowai:utarus Black Crappie F P (Pisc.l 4 

Crappie (unspecified) 3 
Family - Percidae 

em:a Qavesi:ens Yellow Perch F p I 

S li;i:osts:dioo i:;anaw:ose Sauger F p 3 
Su;i:osts:dion vun:uw 
vwum Walleye F P (Pisc.) 22 

Family - Pomatomidae 
egma1owus sa.ltall:i!. Bluefish M P (Pisc.) 5 

Family - Carangidae
Caran3. bimbclowai:i Yellow Jack M p 1 
Caranx bippos Crevalle Jack M p l 
Caomx iaucbl� Papio M p 1 

Family • Lutjanidae 
Luuanusi:;am�i:;banus Red Snapper M p 2 

Family - Sparidae 
All:bosaraus Dmbat.!l 
:ecpba,lus Sbecpsbead M p 2 

Family - Sciaenidae 
Freshwacer Drum F P (Mollusks & Fish) 3 
Spotted Seatrout Both p 3 
WeakflSh M p

C�IUlSf;.illD uebulQSUS 
CllUl5!:iOD teaalis 3 
EQW:IUS 01mi;:taws Spotted Drum M p 1 
Leioswwus xamhurus Spot Both p 3 

1 Estuarine/Marine: M = Marine: F "  Freshwater: [I]6= lnaoduced
2 P = Predator: B = Boaom Feeder 3 �umber of sites where fish were collected and &11alyzed 

SOURCE: AFS. 1980 

Puc. = Piscivorow: Omni. = Omnivorow 
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TABLE 5-1 (CONT.) 

Scientific Name 
Micropogoow undutaws 
Pogomas cmm1s 
Sciaeoops oceuarus 

Family - Cichtidae 
Tilagia (species uncertain) 
Iitapia 1illi 

Family - Embiotocidae 
Phanemdon furcams 

Fanu.ly -Mugilidae 
Mugil cepba,lus 

Family - Scorpaenidae 
Sehasu:s ayncul3ws 
Sehasres caunm1s 
Sehasies maiiger 
Sebasu:s panqspmis 
Sebasu:s pmnger 

Family - Cottidae 
Wl1WS.. (species unknown)
Cotrusaleuticus 

Order - Pleuronecuformes 
Family - Botbidae 

ParaJichthys dc:mangs 
ParaJichthys lethostigma 

Family - Pleuronectidae 
HiDP9giossoides elaw,doo 
Hmsopseua gu1m1ara 
Platichthys srenan,s 
P!euronichthys yer;ticaiis 
Pseudoplc:uronc:cr.es
amc;ricanus 

Common Name 
Atlantic Croaker 
Black Drum 
Re d Drum 

Redbelly Til apia 

White Surfperch 

Striped Mulle t 

Brown Rockfish 
Copper Rockflsh 
Quillback Rockflsb 
Bocaccio 
Redstripe Rockfish 

Sculpin 
Coasirange Sculpin 

Summer HOWlder 
S outhern Hounder 

Flathead Sole 
Diamond Turbot 
Starry Hounder 
H001ybead Turbot 

Winter H ounder 

Range 1 

Both 
M 

Both 

F[I] 

M 

Both 

M 
M 
M 
M 
M 

Both 

M 
Both 

M 
M 

Both 
M 

M 

Feeding No. of 
Strategy 1 Sites 3 

p 
p 
p 

B 
B 

B 

p 

p 
p 
p 
p 
p 

B 
B (Plants & Insects) 

p 
p 

p 
p 
p 
p 

p 

3 
3 
3 

3 

4 

l 
2 

2 
1 
5 
1 

4 

1 Estuanne/Marine: M = Mamie: F = Fre.tbwaier; Ill "' lntrOducod
2 P = Pred&lor: B = Bouom feeder 
3 Sumber of siteJ where fish were colleeled aad aaal)'Bd 

SOURCE: AFS. 1980 

Pisc. = Piscivorous: Omai. = OmnivorCJW 
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PREVALENCE AND A VERA GE CONCENTRATION OF CHEMICALS BY SPECIES 

Table 5-2 shows average fish tissue concentrations for each of the dioxin/furan compounds 
in the 14 most commonly sampled fish species at targeted sites. With the exception of four 
congeners ( 1 ,2,3 ,4.7 ,8 .9 HpCDF; 1 ,2 ,3,4,7 ,8 HxCDD; 1 .2.3 .6,7 ,8. HxCDF; 1 ,2 ,3 ,7 , 8,9 HxCDF). 
whole-body samples from bottom-feeding species have higher dioxin/furan concentrations than 
fillet samples from game fish. Average concentrations were the highest in carp for four of the six 
dioxins, and three of the nine furans. The highest concentrations of the other congeners were found 
in spotted and redhorse suckers and channel cau·ish for the bottom-feeding spec ies. For game fish 
species, the highest concentrations were found in white crappie for two of the six dioxins, four of 
nine furans. and TEC. Brown trout had the highest average concentration for one dioxin and two 
furans. The highest concentrations of the other congeners were found in largemouth bass, white 
bass, northern pike. and bluefish. The occurrence of pollutants in the most frequently sampled fish 
species varied by chemical. Some pollutants (i .e. , 2,3,7,8 TCDF and 1 ,2,3 ,4,6,7 ,8 HpCDD) were 
found in the majority of samples (Table 5-3). Two furans, 1 ,2 ,3.7 ,8 ,9 HxCDF and 1 ,2,3 ,4,7 ,8 ,9 
HpCDF. were not found in quantities above detection in any of the game fish fillets, but were 
detected in a small number of the bottom feeder whole-body samples. 

Table 5-4 shows the average fish tissue concentration of selected xenobiotics for the 14 most 
commonly sampled species at targeted sites. Average mercury concentrations are higher in game 
fish analyzed as fillets than bottom feeders analyzed as whole-body samples. As discussed in 
Chapter 4, this result would be expected because mercury is stored in the muscle tissue rather than 
the lipid and would, therefore , exhibit higher concentrations in fillets than in whole-body samples. 
Ten xenobiotics are detected in whole-body samples of bottom feeders and in fillet samples of game 
fish at roughly the same average concentrations. These compounds are biphenyl, chlorpyrifos, 
dicofol , dieldrin, endrin, mirex, oxychlordane. PCBs, ODE. and trifluralin. Twelve compounds 
have higher average concentrations in whole-body samples of bottom feeders than in fil let samples 
of game fish: alpha and gamma-BHC; heptachlor epoxide; pentachloroanisole; pentachloroben
zene; ch lordane ; nonachlor ;  three trichlorobenzenes ; 1 ,2 , 3 ,4 tetrachlorobenzene ; and 
hexachlorobenzene. B iphenyl ,  mercury, PCBs, and DDE were found in a majority of both 
whole-body and fillet samples with concentrations above detection (Table 5-5). Endrin, 1 ,3 ,5 
trichlorobenzene and trifluralin were found in quantities above detection in only a few of the game 
fish fillet samples collected. 

HABITAT AND FEEDING STRATEGY OF MOST FREQUENTLY SAMPLED 
SPECIES 

Common Carp 

The common carp (Cyprinus cacpio) is distributed widely throughout most parts of the 
country. It prefers the shallows of warm streams, lakes, and ponds containing an abundance of 
vegetation. It is not normally found in clear, cold waters or streams of high gradients. 

The spawning period for this species can last from April to August, but generally spawning 
occurs in late May and June. Shallow and weedy areas of lakes, ponds, tributaries, streams, swamps. 
floodplains, and marshes are suitable spawning grounds. The young carp consume zooplankton as 
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TABLE 5-l 
Averaae Fish Tissue Concentrations of Dioxins and Furans for Major Species 

2378 1 2378 1 23478 1 23678 1 23789 1 234678 2378 1 2378 23478 1 23478 1 23678 1 23789 234678 1 234678 1 234789 
fish Soecies TCDO PeCDD HxCOO HxCOO HxCDD HoCDD TCDF PeCDF PeCDF HxCDF HxCOF HxCDF HxCDF HoCDF HoCDF TEC 

Bottom Feeders 
Carp 7.76 3.63 2. 1 6  6.81 1 .54 22.29 1 0. 1 5  1 .3 1  4.01 2 .54 1 .9 1  1 . 1 6  1 .20 2.49 11.22 1 3.06 
White Sucker 8.08 2.05 1 .03 1 .96 0.88 3.72 22.89 1 . 1 0  2.64 2.21 1 .29 1 .06 1 .09 1 .23 11.11 3  1 2.79 
Channel Catfish 1 1 . 56 2.37 1 .6 1  5.62 1 .29 9.40 2.22 0 .52 2.91 2.41 1 .41  1 .381° 1 .62 2 .55 11. 26 1 4.80 
Redhorse Sucker 4.65 1 .50 1 .40 2.36 0.84 4 .94 30.09 0.75 11.28 2 . 1 0  1 . 1 6  1 . 1 9 1° 1 .50 1 .57 1 .361° 9.22 
Sooned Sucker 1 .73 2.34 1 .70 1 2.08 1 . 1 4  1 7.48 7.49 2. 1 2  2.06 2.22 1 .79 1 .2s· 1 . 78 1 .77 11.08 6.23 

Game Fish 
Laraemouth Bass 1 .73 0.59 1 . 1 2  1 .28 0.64 2.48 2. 1 8  0.37 0.47 1 .24 1 .23 1 .2 1  * 0.88 0.821' 1 .2 1  • 11. 9 1  
Smallmouth Bass 0.72 o.so· 1 . 1 3* 0.79 0.64* 0.67 1 .93 0.36* 0.51 11.28 1 .23 1 .26* 0.89* 0.69 1 .30* 0.65* 
Walleve 0.88 0.54* 0.99* 0.73 0.62· 0.88 1 .83 0.351° 0.38 1 .04 , _ 09• , .or 0.75 0.74 11.21  • 0.79* 
Brown Trout 2.52 1 .01 1 . 07* 0.98 0.68* 1 . 1 8  3.74 0.60 1 .36 1 .47 1 . 1 2* 1 .09• 0.94* 0.67" 1 . 1 6* 3.3 1  
White Bass 3.00 0.66 1 .05* 0.78 0.61 ·  1 .01 5.07 0.40 0.49 1 .04 1 . 1 6* 1 . 1 3* 0 .81  * 0.63 1 . 1 7* 3.44 
Northern Pike 0.77 0.46* 1 .23* 0.91 0.69* 0.73 1 .0 1  0.44 0.66 1 .41 * 1 .42* 1 .381° 0.98* 0.56 1 .30* 0.66 
Flathead Catfish 0.78 0.43 0.90 1 .06 0.50 1 . 67 1 . 63 0.40 0. 56 1 . 05 1 .20· 1 . 1 7* 0 .6 1 *  0.56 1 . 1  o· 0.99 
White Craoole 2.13 0.60 1 .29* 1 .03* 0.83* 1 .33 1 0.46 0 .54 0.67 1 .33* 1 .33* 1 .30* 0_95• 0.961° 1 .34* 3.80 
Bluefish 0.85 0.56 1 .23* 0.98* 0.69* 0.65 2. 1 1  0.41 0.59 1 .42* 1 .42• 1 .391° 0.98* 0 .72* 1 . 31 * 1 .4 1  

Values calculated using whole body safll)leS !or bottom leading spec1es and lillet samples for Game Fish (predators}. 
Values below detection have been replaced by one-hall detection limit for the given sample. Asterisk indicates al l  values below detection. 
Unitse. pg/g. 
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TABLE 5-3 

Detailed Summary of Occurrence or Prevalent Dioxins/Furans by Fish Species 

2378 1 2378 1 23478 1 23678 1 23789 1 234678 2378 1 2378 23478 1 23478 1 23678 1 23789 234678 1 234678 1 234789 

HxCDD HxCDD HxCDD HpCOD TCDF PeCDF PeCDF HxCDF HxCDF HxCDF HxCDFFish Soecies TCDD PeCDD HpCDF 

Bottom Feeders 

73/ 125 1 02/1 25 71/1 25 1 03/1 08 1 24/1 35 83/1 34 96/1 34 79/1 26 45/ 1 26 2/1 26 63/1 26 84/1 09 6/1 09 Carp 1 06/1 35 89/1 33 

White Sucker 28/37 20/36 20/34 28/31 1 9/37 27/37 1 4/34 4/ 34 1 /  34 8/ 34 1 6/3 1 2/ 3 1  

Channel Catfish 1 2  / 1 9  13  / 1 7  6 / 1 8  1 6  / 1 8  1 2  / 1 8  1 8  / 1 8  1 6  / 1 9  9 / 1 9  1 5  / 1 9  9 / 1 8  5 I 1 8  0 I 1 8  8 / 1 8  1 0  / 1 B 1 / 1 8  

Redhorsa Sucker 9 / 1 5  7 I 1 5  1 / 1 4  9 / 1 4  3 / 1 4  1 2  / 1 3  1 4  / 1 5  6 / 1 5  1 1  I 1 5  5 I 1 5  1 / 1 5  0 I 1 5  3 1 1 5 5 I 1 3  0 / 1 3  

Spotted Sucker 6 / 1 0  5 I 1 0  4 I 1 0  7 / , 0  6 /  1 0  , 0 1 1 0  9 / 1 0  2 / 1 0  6 / 1 0  2 1 1 a 1 / 1 0 0 I 1 0  1 / , 0  5 / 1 0  1 / , 0  

Game Fish 

Largemouth Bass 34 1 75 1 0  / 73 2 1 72 1 8  / 72 5 1 72 37 / 67 6 / 74 1 2  I 74 1 0  / 73 2 1 73 0 1 73 6 / 73 1 3 / 67 0 1 67 

Smallmouth Bass 9 / 22 0 I 2 1  0 1 20 2 / 1 9  0 / 20 1 0  / 1 8  1 6  / 22 0 I 22 5 / 22 1 / 20 1 / 20 Q I 20 0 1 20 1 / 1 8  0 I 1 8  

0/1 6  1 /1 6 0/1 6 Walleye 5 1 1 8 0/1 8 9/1 6  1 2/ 1 8  0/1 8 3/1 8 1 / 1 6 0/ 1 6  0/1 6 1 / 1 6  2/1 6 0/ 1 6  

Brown Trout 2 / 8  3 1 7  0 1 7  1 1 7 0 1 7  2 / 6 6 / 8  2 / 8  4 / 8  2 1 7  0 1 7  0 1 7  0 1 7  0 / 6  0 / 6  

WMe Bass 5 I 1 0  2 I 1 0  0 / 1 0  2 / 1 0  0 / 1 0  8 / 9  1 0  / 1 0  4 / 1 0  4 / 1 0  1 1 1 a 0 / 1 0  o 1 1 a 0 / 1 0 0 / 9  

Northern Pike 4 / 7  0 / 6  0 1 7  6 / 7  0 1 7  2 1 7  4 1 6  1 / 7  1 1 7  0 1 7  0 1 7  0 1 7  0 1 7  1 1 7  0 17 

Flathead Catfish 3 / 6  3/6 1 / 6 4/6 1 /6 5/6 2/6 1 /6 2/6 21 6 0/6 0/6 2/6 3/6 0/6 

While Crappie 1 / 8 1 / 8 0 1 7  0 1 7  0 1 7  2 1 7  1 / 8 1 I 8 0 / 6  0 1 7  0 1 7  0 1 7  0 I 7 0 1 7  

0 / 4  0 / 4Bluefish 3 / 4  1 / 4 0 / 4  0 / 4  0 / 4  1 / 4 0 / 4  0 / 4  0 / 4 0 / 4  

Values were determined using whole body samples for bonom-feeding species and fillet samples for game species. 
First number indicates number of samples where detected; second number indicates total number or samples at ditterent siles for given species analyzed. 
II more lhan one tillel or whole body sample of the same species at a site was analyzed, only the highest value was used. 
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TABLE 5-4 
A vera1e Flsb Tissue Concentrations of Xenobiotics for Major Species 

Heptachlor Mercury 
Fish Soecies Alpha-BHC Gamma-BHC Biohenvl Chlorovritos Dicolol Dieldrin Endrin Eooxide /ua/Q) Mirex Oxvchfordane PCBs 

Bottom Feeder• 
Carp 3.•10 8.23 0.88 1 .40 0 1 1  3.270 8 20 294 1 1 3  
WMe Sucker 3.31 1 .66 1 . 28 1 7 5  0.48 22.75 0 24 1 09 0. 1 1  4 35 3. 1 0  1 697 8 1  
Channel Cat 2.87 3 . 1 7  1 . 24 6 97 0 59 1 5.44 9.07 0 50 0 09  1 4.59 6 4 1  1 300 52 

0 97 ND 0.27 0 57 Redlorse Sucker 0.35 ND0.82 0.4 1 1 .25 487.72 
Sootted2Sucker 0.56 0 05 ND ND 0. 1 2  1 79 0 05 1 .45 2.63 5 .52 1 33 90 

Game flah 

Largemouth Bass 0. 1 5  0.07 0.38 0 .23 0.20 5.01 ND 0.30 0.46 0 .21  0 4 7 232 26 
Smallmouth Bass 0.36 0 . 1 5  0.33 0 08 ND 2.34 ND 0.07 0 .34 1 .99 0 54 496 22 
Walleye ND ND 0.40 0.04 ND 3.73 ND 0.21  0 .51  0 08  1 . 1 1 368 .65 
Brown Trout 1 . 59 ND 0.81 ND 0.94 20. 1 3  N D  2.08 0. 14 5 38 2434 .07 
While Bass 0.34 0.79 0.62 1 .32 ND 9.35 ND 1 40 0.35 0.21 1  0 84 288 35 
Northern Pike 0.55 ND 0.59 1 1 .43 0 .31  9.04 ND ND 0.34 2. 39 4 00 788.40 
Flathead Cat 0.92 0.58 0.60 22 57 1 .28 37.38 0.57 0 27 ND 0 63 521 1 9  
White Crappie 0.23 ND 0.21 ND ND ND ND ND 0.22 ND N D  22 34 
Bluefish 0.38 0 . 1 2  0.20 ND ND 2.87 ND ND 0.22 0. 1 3  ND 368206 

Pentachloro- Pentachloro- Total Total Hexachloro-
Fish Soecies anisole benzene ODE Chlordane Nonachlor 1 23 TCB 1 24 TCB 1 35 TCB 1 234 TE CB Tnflurahn benzene 

Bottom Feeder• 

Carp 1 6.50 1 .04 4 1 5.43 67. 1 5  63. 1 5  1 .54 0 08 0.30 1 2.55 3.58 
White Sucker 9.06 0.39 78.39 1 8  42 20.83 0. 1 6  0.30 0 . 1 4  0. 1 5  ND 3.62 
Channel Cat 39.60 1 .32 627. n 66.28 0 . 1 4  0.37 ND 0.88 1 .00 2.36 
Redlorse Sucker 2.87 0.02 87.25 1 6.48 0.55 6.48 0 08 0.09 ND 0.58 
Sooned Sucke, 1 7.68 0.02 75.31 1 2 .33 15.00 3.34 1 2 .00 1 .00 0.09 ND 0.02 

Game flah 

Largemouth Bass 0.57 0.02 55.72 2.89 4 .21  0.22 0 . 19  0.03 0.01 ND 0.20 
SmaNmouth Bass 0.23 0.02 33.63 4.0 1 7.82 0 .70 0.59 0.04 0.04 NO 0.36 
Walleve 0.76 NO 34.00 3.62 8 04 0.29 0 38 ND 0 004 ND 0. 1 1  
Brown Trout 0.09 0.60 158.90 7.25 32.60 I. tO 0.98 ND 0.09 ND 3.06 
White Bass 0.93 ND 1 7. 44 1 0 267 1 6 .00 0.21 0 . 10  ND 0.01 ND 0.83 
Norlhern Pike 1 .51 0 .09 1 3.88 0 .30 0.23 ND 0.01 ND 0.20 
Flathead Cat 0.31 ND 755. 18 16 .07 1 4 .04 0. 1 0  0.18 ND ND 44.37 0 85 
White Craooie 0.33 ND 1 0.04 0.34 0.28 0.08 0.08 ND ND ND ND 
Bluefish 0.05 ND 29.213 7.56 6.25 4 66 0 57 ND ND ND 

Values calculated using whole body samples for bonom feeding species and fillet samples fOl' Game Fish (predators). Values below detechon have been set at zern. 
Units - ngtg, unless noted. 
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Biohenvl 

29/34 

3114 

1 /8  2/8 

4/4 
0/4 0/4 

0/3 

Carp 
9 / 35 

6/14 

Walleve 4/8 3/8 

1/5 

2/4 4/4 3/4 
0/4 1/4 

0/3 

TABLE 5-5 
Detailed S11mmary of Occurrence of Prevalent Xenobiotics by Fish Species 

Heplachlor 
Gamma-BHC Chlorpvrifos Dicofol Oieldrin Endrin Eooxide Mercury Mirex Oxychlordane PCBsFish SD&Cies Aloha-BHC 

Bottom Feeden 

!Caro n112s 57/128 1 2-4,1 1 28 46/128 12/128 91/1 28 16/128 3311 28 1 1 1/133 551128 36/128 1 2211 28 
White SUcker 24135 1 8135  33135 7 / 35 7 / 35 24135 3 / 35 2 / 35 9 /  35 9 / 35 32/35 
Channel Cat 7/16 7116  16/16 9/1 6  4/16 1 1/16 2/16 2116 1 6/1 7  7/1 6  6/16 15116 
Redhorse Sucker 6/14 4/14 1-4,114 0/14  8114 2114 0/14 14/15 6/14 5114 14/14  

ISoonad Sucker 3110 2110 10/10 1/10 1/10 5110 0/10  0/10 9/10 6/10 1/10 9110 

Ganw.flsh 
I U110Bmou1h Bass 5131 3131 29131 4 / 3 1  7 / 3 1  9 /  3 1  0/31 2 1 31 65166 6 / 31  4 / 3 1  26131 
Smallmoulh Bass 4115 2115 1511 5 1/15 0/1 5  8115 0/1 5 1/15 20/20 61 1 5  3115 14115 
Waleye Ol8 0/8 8/8 0/8 318 0/8 2/8 19/19 2/8 
Brown Trout 1/3 0/3 313 0/3 1/3 2/3 0/3 2/3 7/8 2/3 2/3 313 

White Bass 315 4/5 515 315 0/5 515 1/5 215 6/6 315 215 5/5 
Nor1hern Pike 1 /6  0/6 616 3/6 2/6 3/6 016 OJ6 7ll 3/6 1 /6 5/6 
Flathead Cal 2/4 1/4 414 314 1/4 4/4 1/4 1 /4 6/6 0/4 1 /4 

0/4 0/4 0/4 3140/40/4 414 0/4White Craoole t/4 5/7 
1/3 2/3 1 /3 0/2 3/3Bluefish 1/3 0/3 0/3 0/3 3132/3 

Pentachloro- Pentachloro- Total To&al Hexachloro-
Fish Soecies anisole benzene ODE Chlordane Nonachlor 1 23 TCB 124 TCB 135 TCB 1 234 TECB T ritluralin benzene 

Bottom Feeders 
1 031128 42/128 1 2611 28 109/ 1 28 1 141 1 28 351128 601128 1 4/1 28 16/128 3 1/ 128 721128 
25135 7 1 35  34/35 24/35 24/35 18/35 2 / 35 5 / 35 0/35 1 6/35 White Sucker 
1 1 /16 4116 1 6/16 1 2/16 1 4/16 3116 7/16 0/16 2/16 1/16 6/16Channel Cat 

6114 2/14 2/14 0/14  41141 1 114 1114 14/14 7/1 4 101 14  Redhorse Sucker 
ISootted Sucker 7110 1/10 9/10  7110  8110 7110 B/10 2/ 1 0  1/10 0/10  2/10  

Game Fish 
L.araemouth Bass 6 / 31 1/31 31/3 1  1 2/3 1  18131 1 7/31 1 7/31 3/3 1  1/31  0/3 1 6 I 3 1  

1 / 15  311 5 0/1 5  5/14 Smallmoulh Bass 4115 1/15 15115  811 5  
6/8 0/8 8/8 

9/1 5  9115  811 5  
0/8 1/8 018 2/8318 318 

2/3Brown Trout 1 /3 2/3 313 2/3 2/3 3/3 313 0/3 1/3 013 

White Bass 515 015 5/5 415 515 415 3/5 0/5 1/5 3;5 
0/6 1 16 2/6 016 1/6Northern Pike 216 1/6 616 3/6 316416 

214 0/4 1 14 2/4 0/4414 314Flathead Cat 014 

1 14 4/4 1 /4 1/4 2/4 0/4 0/4Whlte6CraPcie 014014 

Bluefish 1 /3 013 2/3 3/3 313 3/3 313 1 /3  013 0/3 

Values _,e determined using whole bod y  samples lot' bottom-feeding species and lillel samples for predalor species. 
Fnt number indicales number ol samples wher1t detected; second numbef indicates tolal number of samples al dillerenl Mes tor given species analyzedX. 
If more than one fillet or whole body sample of the same species al a site was analyzed. only the highest value was used. 
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their major food source. Adults consume fish, snails. plants, bouom ooze. insect larvae, insects, 
crustaceans, mollusks, and fish eggs. 

White Sucker 

The white sucker <Catostomuscommersoni) is found in the northeastern, central. and eastern 
regions of the country. It is a common inhabitant of the most highly polluted and turbid waters. It 
tolerates a wide range of environments and stream gradients. However, it is found most often in 
lakes or reservoirs with clear to slightly turbid waters and a bottom consisting of gravel or sand with 
sparse vegetation. 

Spawning generally occurs in mid-April to early May in swift water or rapids over gravel 
bottoms. The young feed on algae, zooplankton. and blood wonns, and the adults consume fish. 
fish eggs, mud, plants, algae, insects, mollusks, and zooplankton. 

Channel Catfish 

The channel cat.fish {lctalurus punctatus) is found throughout the central part of the country 
and into parts of the western and eastern United States. It prefers clear, rocky, well-oxygenated 
streams. lakes. and reservoirs, but can adapt to slow-moving, silty streams. 

The spawning period generally occurs from May to July in inlet streams or tributaries. The 
spawning nest is located in a crevice, under a bank, rock, or log, and can be constructed on several 
types of bottom substrate. The young consume aquatic insects and zooplankton, while the adults 
ta.Ice any food available to them. This can include fish, plants, frogs, crayfish, clams, worms, algae, 
and decaying or dead matter. 

Spotted Sucker 

The spotted sucker (Minytrema melanops) is found in the central and southeastern regions 
of the United States. It prefers large rivers and their sloughs and reservoirs that are slow moving 
with a soft bottom of muck or sand with vegetation. It is intolerant of turbid waters, various 
industrial pollutants, and bottoms covered with flocculent clay silts. 

Spawning occurs throughout the month of May in pool-like areas near riffle over a rubble 
bottom. The young and adult spotted suckers both feed on zooplankton, insect larvae, crustaceans, 
algae, and higher plant material. 

Redhorse Sucker 

Redhorse suckers are most commonly found in the central and eastern parts of the country. 
Redhorse suckers generally prefer swiftly flowing sections of small to medium-sired streams with 
clear water and a gravel, bedrock, or sand bottom. They are intolerant of siltation and pollution in 
their habitat. 
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Spawning generally occurs during the month of April in shallower areas with a proper bottom 
substrate. Redhorse suckers are highly selective when it comes to choosing a spawning area. The 
water depth (0.5-2.0 ft) and the bottom substrate (approximately 70 percent fine rubble. 1 0  percent 
coarse rubble, and 20 percent sand and gravel) are the most important factors for a proper spawn. 
The young feed principally on phytoplankton, and the adults feed primarily on aquatic insects. For 
the data analyses in this report, all species of redhorse sampled were grouped under the name 
redhorse sucker. 

Largemouth Bass 

The largemouth bass (Micropterussa1moides) is found in most parts of the country. It prefers 
medium to large rivers. lakes, sloughs, ponds, and backwaters with clear to slightly turbid waters. 
It is usually found in shallower areas with dense to sparse vegetation. 

The spawning period generally occurs from late April to early June. They tend to spawn a 
little earlier than the smallmouth bass. The fish spawn in quiet bays with emergent vegetation on 
a sand. gravel .  or, occasionally, mud bottom. The young feed on algae, zoopJankton. and insect 
larvae, while the adults feed on fish, crayfish, mammals. large insects, and amphibians. 

Smallmouth Bass 

The smallmouth bass (Micropterus dolomieui) is found mostly in the northeastern and 
central parts of the country, but can be found in limited areas of other parts of the country. It prefers 
medium to large streams, rivers ,and lakes with clear water, rocky or sandy bottoms, aquatic 
vegetation, and clean gravel shores. 

Spawning generally occurs during late May and throughout June. The spawning nest is built 
on a gravel bottom beside a large boulder; log, stump, or foreign object in the shallows. The young 
consume insect larvae, zooplankton, and small insects, and the adults consume mostly fish but will 
also eat crayfish. insects, mammals, and amphibians. 

Walleye 

The walleye <Stizostedion vitreum vitreum) is found in most parts of the country except for 
the most western and southern areas. It prefers large clearwater rivers and lakes with sand and 
gravel bottoms. It is usually found in quiet backwaters and sloughs of these rivers and lakes. 

Spawning generally occurs between mid-April and early May in wave-washed shallows or 
up inlet streams with gravel bottoms. This species prepares no spawning nest so the eggs are 
scattered over the gravel bottom of the area. The young consume zooplankton, insect larvae, and 
fry of other fish species, and the adults consume mostly fish, but will also eat insects, crayfish, and 
lamprey eels. 
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White Bass 

The white bass <Morone chrysops) is found throughout the country, but is most heavily 
concentrated in the central United States. It prefers large, open rivers and lakes with clear to turbid 
waters and moderate currents. 

The spawning period runs from late April into early June over most of its range. The 
spawning grounds consist of a firm bottom of sand, gravel, rubble , or rock in the shallows. This 
species builds no spawning nest, so the eggs are scattered over the bottom of the spawning area. 
The young white bass consume algae and zooplankton, and the adults consume fish, insect larvae, 
insects, and zooplankton. 

Brown Trout 

The brown trout (Salmo trutta) is most heavily concentrated in the northeastern and western 
parts of the country . It prefers coldwater streams and lakes, but can tolerate warmer water than 
other species of trout. In streams, it can be found in deeper and slower moving pools, and in the 
Great Lakes, it is found close to the shore. 

The spawning period generally occurs from October to December in waters ranging in size 
from large streams to small spring-fed tributaries. The spawning nest is made on a gravel bottom 
in the shallower sections of the stream. The young feed primarily on zoo plankton and insect larvae, 
and the adults eat mostly fish but will also consume larval insects, insects, leeches, snails, crayfish, 
freshwater shrimp, and wonns. The brown trout is known to eat more fish than the other species 
of trout. 

Flathead Catfish 

The flathead catfish {Pylodictis oliyaris} is generally found in the central pans of the country. 
It prefers large, rocky rivers with deep pools. plenty of cover, and swiftly moving waters. 

The spawning period generally occurs in the months of June and July. The spawning nest 
is built in a secluded dark shelter over a gravel bottom. The young consume aquatic insect larvae, 
and the adults consume mostly fish but will occasionally feed on crayfish. 

Northern Pike 

The northern pike (Esox lucius} is found in the northeastern and north central pans of the 
country. It prefers cool to moderately warm weedy lakes, ponds, and slow-moving rivers. It can 
be found in areas of light to dense aquatic vegetation with clear to slightly turbid waters. 

The spawning period generally occurs in late March or early April in shallow flooded 
marshes or inlet streams. Grasses. sedges, or rushes with fine leaves are most suitable for egg 
deposition. The young feed on phytoplankton, zooplankton, and i nsects, and the adults consume 
mainly fish but will also consume crayfish, mammals. and frogs. 
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White Crappie 

The white crappie <Pomoxis annularis} is found mostly in the central part of the country. 
but can be found in limited areas in other regions. It prefers sloughs, backwaters, landlocked pools 
and lakes. and pools in moderate-sized to large streams with slightly turbid to turbid waters. It is 
found in the shallow and warm areas with sparse vegetation over a variety of substrates. 

The spawning period generally occurs in the months of May and June. The spawning nests 
are made in colonies near vegetation over a hard clay or gravel bottom in the shallows. The young 
consume zooplankton and small insects, and the adults consume mostly fish but will occasionally 
feed on insects. 

Blue Fish 

The bluefish <Pomatpmus saltatrix} is an ocean predator found in the tropical and temperate 
waters of the world with the exception of the central and eastern Pacific. It lives around large shoals 
in open water and moves in toward coastal waters to feed. This movement inward. as well as other 
migrations, is correlated with the movement of prey species of fish. It will attack fish almost as 
long as itself and will kill prey that it does not eat. The bluefish is the only ocean fish included in 
the 14 most frequently sampled species for this study. 

Shellfish 

There were 17 shellfish samples analyz.ed in the study. These included 4 dungeness crabs, 
2 h�patopancreas organs of crabs, 3 crayfish, 3 soft shell clams, 2 pacific oysters, 1 unidentified 
oyster. 1 unidentified mussel, and l unidentified shellfish. The different species of shellfish 
exhibited a wide range of chemical concentrations. This could be attributed to differences in habitat 
and food sources between species. Varying chemical concentrations within each type of species 
are most likely related to the location of capture. 

The dungeness crabs. on average, were found to have the highest chemical concentrations 
of all the shellfish analyzed. Toe chemicals accumulate in the hepatopancreas organ of the crab in 
very high concentrations. The high concentrations of chemicals in these crabs may relate to the 
large amount of fish consumed as part of their diet The crayfish consumes a smaller proportion of 
fish in its diet than the dungeness crabs. It also consumes other types of food including some plant 
material . This may account for the differences in chemical concentrations between the two species. 

The oysters, mussels, and clams analyzed for some of the study sites are filler feeders and 
consume similar types of food. Toe soft shell clams show higher chemical concentrations than the 
other species of filter feeders. This may be explained by differences in habitat among these species. 
The clams prefer a muddy or sandy bottom, and the oyslers and mussels prefer a rocky bottom. A 
muddy and soft bottom will tend to accumulate more contaminants than a rocky bottom, so this 
would most likely have a direct effect on the clams. Overall, the filter feeders showed lower 
chemical concentrations than the crabs and crayfish. 
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Chapter 6 - Estimate of Potential Human Health Risks 

This chapter presents risk estimates to human health based on fillet concentration data shown 
in Appendix D. Most of the fillets were from game fish, but a few were from bottom feeders likely 
to be consumed by humans. Carcinogenic risks were estimated for 14 of the xenobiotic compounds 
for which cancer potency factors were available. Noncarcinogenic risks were estimated for the 2 1  
compounds for which risk values (i.e., reference doses) were available. Human health risks were 
not calculated for dioxins/furans due to the current review of the potency of these chemicals. The 
estimated risks presented in the report are intended as a screening assessment. A detailed site
specific risk assessment would require additional samples and would incorporate local consumption 
rates and patterns, and the actual number of people exposed. Infonnation on the specific health 
effects of the study compounds and aquatic or wildlife effects, where available. are included in the 
chemical profiles. Appendix C. 

Potential upper-bound human cancer risks from consumption of fish were estimated using 
fillet samples for selected analytes. Fillet data were available at 1 82 sites for mercury and 1 06 sites 
for the xenobiotic compounds. excluding dioxins and furans. Risks were calculated using the 
average fil let concentration at each site for the few places where more than one fillet concentration 
sample was available. The calculations were based on standard EPA risk assessment procedures 
for lifetime exposure with upper-bound cancer potency factors and three fish consumption rates of 
6.5. 30, and 1 40 g/day. The reasons for setting these rates are discussed in the section on Exposure 
Assessment. 

The compounds evaluated were those for which cancer potency factors and/or reference 
doses have been established. These compounds are listed below: 

B iphenyl 
alpha-BHC 
gamma-BHC (Lindane) 
Chlordane 
Chlorpyrifos 
p,p'-DDE 
Dicofol 
Dieldrin 
Endrin 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 

Hexachlorobutadiene 
Isopropalin 
Mercury 
Mirex 

Pentachloroanisole 
Pentachlorobenzene 
Pentachloronitrobenzene 
Polychlorinated biphenyls (PCBs) 
1 ,2,4,5 Tetrachlorobenzene 
1 ,2,4 Trichlorobenzene 
Trifluralin 
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METHOD OF ESTIMATING RISKS 

Dose-Response Assessment 

In developing risk assessment methods, EPA has recognized that fundamental differences 
exist between carcinogenic dose-response variables and noncarcinogenic dose-response variables 
that could be used to estimate risks. Because of these differences, human health risk characterization 
is conducted separately for potential carcinogenic and noncarcinogenic effects. However, car
cinogenic chemicals may also cause noncarcinogenic effects (i.e., a variety of toxic endpoints other 
than cancer may be associated with exposure to carcinogens). Consequently, reference dose (RID) 
values have been established for many carcinogens and are used in the evaluation of potential 
noncarcinogenic effects. 

Key dose-response variables used in quantitative risk estimates are cancer potency factors 
(CPFs) for carcinogens and RID values for noncarcinogens. The carcinogenic potency factor 
(expressed in units of (mg/kg/dayf 1) is typically determined by the upper 95 percent confidence 
limit of the slope of the linearized multistage model that expresses excess cancer risk as a function 
of dose. The RID (expressed in units of mg/kg/day) is an estimated single daily chemical intake 
rate that appears to be without risk if ingested over a lifetime. 

Available dose-response information for quantitative risk assessment is summarized in 
Table 6- 1 for the chemicals investigated. Potency factors and reference dose values were collated 
primarily from the Integrated Risk Information System database (IRIS, 1989), and supplemented 
where necessary by information from other sources such as the Public Health Risk Evaluation 
Database (PHRED, 1988). As shown in Table 6-1 ,  substances with the highest carcinogenic potency 
(i.e . ,  those with the highest carcinogenic potency factors) are dieldrin, heptachlor epoxide, and 
PCBs. Substances with the highest noncarcinogenic potency toxicity (i.e., those with the lowest 
RID values) are mirex, heptachlor epoxide, and dieldrin. 

Human health risks due to PCBs were estimated based on the total of all the congeners 
present. EPA has developed a CPF only for total PCBs. While recent research (Smith et al . .  1990) 
indicates that toxicity varies depending on the number of chlorines present and their position. EPA 
has not adopted this type of approach. Smith's research also indicates that certain PCBs can induce 
similar changes in enzymatic activity as dioxins and furans. At present the approved EPA approach 
is to estimate risks due to PCBs and dioxins/furans separately. The specific PCBs thought to induce 
enzyme changes (coplanar PCBs and mono-ortho analogues) were not quantified separately in this 
study. The risks due to chlordane were estimated using the CPF for chlordane and the sum of the 
concentrations of cis- and trans- chlordane, cis- and trans-nonachlor. and oxychlordane measured 
in the same fillet sample. This sum is referred to as combined chlordane. Heptachlor and heptachlor 
epoxide have separate CPF and RID values that are different from chlordane. 

Exposure Assessment 

The exposure assessment for consumption of chemically contaminated fish and shellfish 
consisted of: 
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TABLE 6- 1 
Dose-Response Variables Used in Risk Assessment 

EPA 
Cancer Potency Cancer Reference 
Factor (CPF) Evidence (RID)

1Ana1yte (mg/kg/day)" Rating a (mg/kg/day) 

Biphenyl NA 5 .00xal 0-2b 
Chlordane l .30x l 00c B2 6.00x l O-Sc3Chlorpyrifos NA 3 .00x l 0- cl c,d B2 5 .00x l 0-4c,d3 .40x 1 0-

I thane ) 4.40x l 0-
l .60x l 0 1c 

l b 
C 

o-ScB2  
3 .00xal O--k 

Dicofol (Ke 
Dieldrin 
Endrin D 

a Designations are (IRIS, 1989): NA = not evaluated, B2  = probable human carcinogen, C = possible 
human carcinogen, D = not classified, R = under review by EPA. 

b Value from PHRED (1988). 
c Value from IRIS 1989 (data current as ofn9/89). 
d Value is for DDT. ODE is assumed to have similar to,r:ic propen..ies. 
e Value from ATSDR (1987). 
f Value from HEAST (U.S. EPA, 1989c). 
g Value from EPA Region X toxicologist 
h RID for Arochlor 1 0 1 6. 

Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
lsopropalin 
a.-Hexachloroc yclohexane 
y-Hexachlorocyclohexane 
Mercury
Mirex 
Pentachloroanisole 
Pen tac hlorobenzene 
Pentachloronitrobenzene 
Polychlorinated b iphenyls 
1 ,2,4,5 Tetrachlorobenzene 
1 ,2,4 Trichlorobenzene 
Trifluralin 

4.50x 100c 

9 Oc 

I .70x l 0  
. 1 0x l00f 

7 .8x 10-2c 

6 .30x l 00c 
l .30x l 0  0f 

l .80x l 0  Of 

gl .60x 10-2 

7.70x l 00c 

37 .70x l 0- c 

B2 
B2 
B2 
C 

NA 
B2 
B2 
D 
R 
D,R
D 
pending
B2 
D 
D 
C 

5 .00x lO--k 

l .30x l0-Sc 
8 .00x lO--k 

2.00x 1 0-3
2c 

l .50x 1 0- c 

3 .00x l 0-4e 

3.00x 1 0-4e 

2.00x l 0-6c 
3 .00x 1 o-Ze.f 
8.00x l 0-4c 

33 .00x l 0- c 
l .00x 1 0-4h 

3 .00xal O--k 

22 .00x l0- c37 .50x l 0- c 
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• Defining chemical concentrations to be used, 

• Selecting consumption rates for various segments of the population, and 

Est imating chemical doses. 

The detected fil let concentration at each site was used to estimate risks . If more than one 
fi llet sample, excluding duplicates, was available, the average concentration was used, even if the 
fish species were different. Multiple fillets were available at four sites that represented 4 percent 
of the sites with xenobiotic data. Fi llet composite samples consisting of f ewer than three fish were 
not used for the risk assessment Three consumption rates were used to estimate exposure : 

• 6. 5 g/day, which is the average fish consumption rate of freshwater and estuarine fish 
across the United States (U.S .  EPA, 1 980a); 

• 30 g/day, which is representative of the average fish consumption rate by average spon 
fishermen (U S. EPA, 1 989b); and 

1 40 g/day, which is representative of the consumption rate for the 95th percentile of 
sport fishermen and 1s appropriate for subsistence consumers (U. S. EPA, 1 989b). 

Risks for consumption rates of 6. 5 g/day, 30 g/day, and 1 40 g/day can be read directly from 
the nomographs m Appendix B .  The nomographs can be used to estimate risks at consumption 
rates between 1 and 1 000 g/ day. 

The consumption rate was combined with the chemical concentration data to estimate a 
range of daily doses over a lifetime associated with each chemical and location . For xenobiotics, 
a concentration of zero was used for individual samples in which the analyte was not detected. 
(Specific sample detection limits for xenobiotics were not available. ) 

Standard EPA methods were used to estimate exposure and risk due to ingestion of fish 
(U .S . EPA, 1 986b, 1989d). Exposure doses were determined using an equation that assumes a 
constant daily fish ingestion rate over a lifetime (70 years). 

= (C; x I;) / W  Di) 

where: 
=Dij estimated dose (mg/kg/day) for chemical i at ingestion rate j 
=Ci concentration of chemical i in fish or shellfish 
=Ij ingestion rate for the jth percentile of the population 
=w assumed human body weight (70 kg). 

Risk Characterization 

Potential upper-bound risks associated with each carcinogen were estimated as the prob
abil ity of excess cancer using the equation: 
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Rij = I - exp (- Di) x Pia) 

where :  
Rij = Risk associated with chemical i at consumption rate j 
Pi = Carcinogenic potency factor for chemical i (mg/kg/dayf 1 
Dij = Dose of chemical i at consumption rate j (mg/kg/day). 

The carcinogenic potency factors used and methods of dose estimation are a.s described 
above (see Dose Response Assessment and Exposure Assessment sections) . 

Potential hazards associated with noncarcinogenic toxic effects of the various chemicals 
were expressed as a ratio: 

HiJ = D;jl RJD; 

where : 
Hij = Haz.ard index of chemical i at consumption rate j 
Dij = Dose of chemical i at consumption rate j (mg/kg/day) 
RfDj = Reference dose for chemical i (mg/kg/day) .  

The hazard index is a ratio of a dose of a chemical to the level at which noncarcinogenic 
effects are not expected to occur (i.e., reference dose, RID). If the value of the hazard index is less 
than l .O, it follows that toxic effects are not expected to occur. The methods of dose estimation are 
as described above. 

CARCINOGENIC RISK ESTIMATES 

Potential upper-bound human carcinogenic risks were estimated for targeted and back
ground sites using the maximum, mean, and median concentrations for all chemicals with CPF 
values (Tables 6-2 and 6-3). The fish tissue concentrations associated with these estimated cancer 
risks are given in Table 6-4. Table 6-5 presents a summary of the fish samples that exceed risk 
levels of l o-6 to l o-3 for each of the chemicals with CPF values. The highest lifetime risk levels are 
associated with total PCBs. The cancer risk exceeded 104 at 42 of l 06 sites for total PCBs, for a 
fish consumption rate of 6.5 g/day. PCBs also exceeded 10-3 risks at 10  sites. A complete list of 
sites is presented in Appendix D- 10. 

Risks for chlordane were estimated for the sum of the cis- and trans-chlordane isomers, cis
and trans-nonachlor isomers, and oxychlordane (referred to as combined chlordane). The CPF 
factor for chlordane is used since separate cancer potency factors are not available for nonachlor 
and oxychlordane. This method is consistent with the EPA's Office of Pesticide Programs, which 
also combines the concentrations of the cis- and trans- isomers of chlordane and nonachlor with 
oxychlordane and the four chlordene isomers (referred to as TTR-Total Toxic Residue). The four 
chlordene isomers were not measured for this study. Heptachlor and heptachlor epoxide have 
different CPF and RID values from those for chlordane, so were not added. 
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TABLE 6-2 
Estimates of Potential Upper-Bound Cancer Risks 

bat Targeted Sites Based on Fillet Samplesa ,a

Chemical Maximumc Meand Mediane 

No. of 
Sites with 
Fillet Data 

PCBs 

DDE 

Combined Chlorctani 

Dieldrin 

cx-Hexachloroc yclo hexane 

y-Hexachlorocyclohexane 

Hexachlorobenzene 

Heptachlor 

Heptachlor Epoxide 

Mirex 

Trifluralin 

Dicofol 

Hexachlorobutadiene 

Pentachloroanisole 

3 .7x Hr3 

8 .9x 10-S 

9.3x 1 0-S 

6.0x 1 04 

l .Ox&lO-s 
68 .  l x l 0-

8 .0x l 0-6 

l .2x l 0-7 

3 .4x l 0-S 

3 . 8x l 0-S 
88 .3x 1 0-

6. 1 x 1 0-7 

6.4x l 0-7 

7 .2x l 0-8 

3 .4x 1 04 

64.&l x l0-

3 .6x 10-6 

2.2x l0-S 

4 .4x l0-7 

3 .6x l0-8 

2.5x l 0-7 

l . l x l0-7 

8 .7x l0-6 

7 .4x l0-7 

9l .7x l0-
82 .8x l0-

7 . l x l0-9 

2.0x l 0-9 

6.0x 1 0-S 
74.6x l 0-

5.5x l 0-7 

l .2x l 0-6 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

1 06 

aConsumption rate of fish set at 6.5 g/day. 
bCancer Potency Factors used are given in Table 6-1n. 
c.d.e Risk shown is associated with maximum. mean, and median fillet concentration at targeted sites. 

Values below quantification set at zero. 
fcombined chlordane is the sum of cis- and trans-chlordane isomers, cis- and trans-nonchlor iscmers, and 
oxychlordane.
8Dasb indicates median fillet concentration was below detection . 
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TABLEE6-3 
Estimates of Potential Upper-Bound Cancer Risks at Backgroundd Sites 

Based on Fillet Samples 

No. of 
Sites with 

ChemicaJ Maximum3 Medianc Fillet Data 

PCBs 3.2x 1 0-5 8 .0x l0-6 4 

ODE l .4x l0-6 4. l x l 0-7 l .4x l0-7 4 

Consumption rate of fish set al 6.5 g/day. 
CPF values used are given in Table 6- 1 .  
Dash indicates median fillet concemrauon was below detection. 
a. b.cRisk shown is associated with maximum, mean. and median fillet concemration al background sites. 

Values below quantification were set al zero. 
d h is important to note lbat background risks are estimated from a small number of samples. Also, as 
indicated in Chapter 2, the background samples were, in some cases, selected for purposes of comparison 
and do not necessarily represent areas completely free from point and nonpoinl sources of pollution. 

All fiUet concentrations al background sites were below detection for dieldrin, chlordane. alpba-BHC. gamma-BHC. 
hexachlorobenzene, heptachlor, heptachlor epoxide, mirex, trifluralin, dicofol. hexachlorobutadiene, and 
pentacbloroanisole. 
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TABLE 6-4 
Fish Tissue Concentrations Used to Estimate Cancer Risks 

Chemical 
PCBs 
ODE 

TARGETED SITES 

Maximum Mean 
5 148 .  l 477.4 
2820 1 30.6 

Median 
84.5 
1 4.6 

No. of 
Sites with 
Fillet Data 

1 06 
1 06 

Combined Chlordane 770 29.6 
Dieldrin 1 5 . 1  
<l-Hexachlorocyclohexane 1 7.5 0.75 

1 06 
0 .8  1 06 

ND 1 06 
y-Hexachlorocyclohexane 
Hexachlorobenzene 
Heptachlor 
Heptachlor Epoxide 
Mirex 
Trifluralin 
Dicofol 
Hexachloro butadiene 
Pentachloroanisole 

Units are ng/g unless noted. 

Chemical 

PCBs 

ODE 

6.68 0 .30 
50.7 1 .6 
0.28 0 .003 

40.7 1 .0 
225 4.42 
1 1 6.0 2.35 
1 4.9 0 .68 
88.3 0.98 
48.6 1 .3 

BACKGROUND SITES 

Maximum Mean 

44.8 1 1 .2 

43.0 1 3 .0 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Median 

ND 

4.4 

1 06 
1 06 
1 06 
1 06 
1 06 
1 06 
1 06 
1 06 
1 06 

No.Sof 
Sites with 
Fillet Data 

4 

4 

AU fillet concentrations at backgrotmd sites were below detection for dieldrin, chlordane, alpha-BHC, gamma-BHC, 
Hexachlorobenzene, beptachlor. beptachlor epoxide. mirex, trifluralin, dicofol, bexachlorobutadiene. and 
pentachloranisole. 

Combined chlordane is the sum of cis- and trans-chlordane isomers, cis-and trans-nonachlor isomers, and 
oxychlordane. 
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TABLE 6-5 
Number of Sites with Estimated Upper-Bound Risks 

TARGETED SITES 

RISK LEYEI. £C11m11lilin} 
No. of Sites 
with Fillet >10-6 >10-5 > to"" 10·3 

Chemical Data (> 1 in 1 .000,000) (> 1 in 100,00) (> 1 in 10,000) (> 1 in 1,000) 

PCBs 106 89 
Dieldrin 106 53 

79 42 10 
6 0 

Combined Chlordane 106 44 10 0 0 
DOE 106 40 10  0 0 
Heptachlor Epoxide 106 9 2 0 0 
Alpba-BHC 106 1 1  I 0 0 
Mirex 106 8 2 0 0 
HCB 106 5 0 0 0 
Gamma-BHC 106 0 0 0 0 
HeptacWor 106 0 0 0 0 
Dicofol 106 0 0 0 0 
Hexachlorobutadiene 106 0 0 0 0 
Pentachloroanisole 106 0 0 0 0 
Trifluralin 106 0 0 0 0 

BACKGROUND SITES 

RISK LEYEL f CumuJative) 
No. of Sites 
with Fillet > 1 0"6 > 10"5 > 10"4 

Chemical Data (> I in 1.000,000) (> I in 100,000) (> 1 in 10,000) (> 1 in 1,000) 

PCBs 4 1 0 0 

DOE 4 0 0 0 

Basis: 1 )  Used EPA (i . e., upper bound) cancer potency factors. 
2) Used consumption rate of 6.5 grams/day. 
3) Used average fillet concentration� at the few sites with multiple samples. 

Combined chlordane is the sum of cis- and trans-chlordane isomers, cis- and trans-nonachlor isomers. and 
oxychlordane. 
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The mean. median. and maximum risks using 30 g/day and 140 g/day are compared to the 
risks using 6.5 g/day in Table 6-6. For the median fillet concentrations at targeted sites, estimated 
risks equal or exceed 1 0- 5 for PCBs at 6.5 g/day and 30 g/day. At the higher consumption rate of 
1 40 g/day. estimated risks due to combined chlordane and dieldrin were also above 10-5_ 

As a final step in the risk characterization. a graphical tool was developed for estimating 
potential health risks at consumption rates from 1 to l ,000 g/day for all chemicals that exceeded a 
l o-6 risk level. These nomographs are included in Appendix B. As an example, the graph for 
estimating the carcinogenic risks from p.p ' -DOE is shown in Figure 6- 1 .  In each graph, the methods 
and assumptions outlined above were used to plot potential health risks for three consumption rates 
(i .e. .  6.5 g/day , 30 g/day, and 140 g/day). In addition to the consumption rates shown, a scale is 
provided on each graph so that health risks can be estimated for any consumption rate in the range 
of 1 to 1 ,000 g/day. This is an important feature because potential health risks may vary with 
regional. cultural. or ethnic differences in species of fish eaten and consumption rates. Hence, using 
the nomographs provided herein. it is possible to evaluate potential health risks associated with 
specific consumption rates at a given site. 

NONCARCINOGENIC RISKS 

Noncarcinogenic hazard indices were summarized for targeted and background sites for the 
chemicals with reference dose values available (Table 6-7) . Based on a fish consumption rate of 
6.5 g/day, the hazard index, defined previously, exceeded l (meaning adverse effects may occur) 
at only a few targeted sites for PCBs. mirex, and combined chlordane. The hazard indices associated 
with the mean and median concentrations for these same chemicals were less than l .O. The hazard 
indices for all chemicals at background sites were also less than 1 .0. 

Graphs for estimating noncarcinogenic hazard index values at various consumption rates 
were prepared for most of the compounds evaluated. Using these graphs, one can detennine whether 
the hazard index would exceed a value of 1 at consumption rates between l and 1 ,  000 g/day. For 
example. using the maximum ODE concentration at targeted sites (2,8 1 9  ng/g) ,  a hazard index value 
of 0.52 was estimated for a 6.5-g/day consumption rate, while for a 30-g/day rate it was about 2 
(Figure 6-2). The graphs for the other compounds are included in Appendix B following those for 
estimating carcinogenic risks. 
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PCBs 

6.S 

3 .7x lff5 

5 .4xel0·6 

TABLE&6-6 
Estimated Upper-Bound Risks at Three Fish Consumption Rates Based on Fillet Samples 

6.S JQ 148 
�ilXiWIU!l Mean Median 

3 .2xelff5 
Backl;:round fi,SRack.ground 

DDE 

140 140B1ck1:round 6,5 30 30 
0-6 1 .7xeHr43.7x l ff5 PCBs1 .5xel0-4 6.9x l0-4 PCBs 8.0x I 

6.4x l0-6 4. l x lfe
f7f5 1 .9x Hr6 8.8xel0-6 ODE le.4x Hf7 6.4x 10·7l .4x lff6 

3.7x lff3 

30:dffti3.0x lfe ODE 
lD HD Iargl:&1:d 6,5 JD HD Ian:t11:d ti.� JD 

3.4x lfe l .6x l 0-3 7.3x tfe 6.0x lff5 
Iacx1:,1:i1 
PCBs 

Hllf3f
l .3x lff 3l .7xHr2 7.6x lff2 

4. l x lff4 
2.8xel (f� 
2. l x Hr6 

PCBsPCRs 
1e.9x t ff5 

9.9x \ff6 

l .2x lO 5
4 . l x etff6 4.6xeHr7le.9x tff3DDE 

Combined 
8.9x l0-S DDE8.9x l0-S 

9.3x tff5 
DDE 

1 .6xelff53 .6xeHr6 5.6xeHr74.3xel0·4 2.0x l0-3 2.6xel0-67 .7xeHr5 ComhinedCombined 
Chlordane Chlordane Chlordane 

Dicofol 6. l xHr 7 2.8xeHr6 l .3x 10-5 Dicofol 2.8x l0-!i l .3 x lff7 6 (h I<f7 l >icofol 
3 5Dieldrin 6.0x l tf4 2.Sx J 0- l .3x l ff2 Dieldrin 2.2xeHr5 l .Oxel ff4 4 8x Hf4 Dicldrin l .2x 1 1r6 5 .5x lffti 2.6xel ffe

cx-Hexachloro- I .Ox lff5 4.6x Hr5 2.2x l0-4 cx-Hexachloro- 4.4x w-7 2.0x lff6 9.4xel0·6 a-l lexachloro- -
cyclohexane cydohexane cycluhexane 

y-Hexachloro- 8. l x l 0-7 3 .7x lff6 l .7x 10-5 y-Hexachloro- 3.6x lff8 l . 7xel ff7 7 .8x 10 6 y-1 fcxachloro-
cyclohexanecyclohexane cyclohexane 

1 .7x l0-4 2.Sx to-78.0x lff6 6 5.4x lff6l lexacbloro- l lexachloro-Hexachloro- l .2x lffe
bt!nzene benzene bt:nzcne 

l fexacbloro- 6.4x lff7 3.0x l0-6 l .4x l 0-S Hexachloro- 7. l x lff9 3.3x J ff8 J .5x J 0-7 I lcxachloro-
but.adiene buladienebutadiene 

2.5x lff5l .2x lff7l leptacblor I leptachlor I lcptachlor 
I leptachlor Heptachlor I leptachlor 

l .6x l ff4 7.3x lff4 Epoxide 8 .4xel0-7 3.9x lff6 1 .8x 10-5 
8 .2xe10-4

Epoxide 3.4x JO-S Epoxidc 
3.8x lff5 I .8x l ff4 7 .4x I0-7 3.4x l 0-6Mirex Mirex l .6x l0-s Mircx 

L6x lff6 l .9xelff9 8.9xetff8 4.2xel0'Pentachloro- 7.2x l0'8 3.3xelff7 8 Pentachloro-Pentachloro 
anisole anisole anisole 

Trifiuralin 8 .3x 10'8 3 .8x 1Cf7 l .8x 10'6 TrifluraJin l .7x 10'� 7 .8x lff9 3.6x l0-8 Trifiuralin 

Basis: llsed upper-hound CPFs <Tabk 6-2Hi.sh consumption rat�s of 6.5. �O. and 140 g/day. 
Dash indicate! concentration was reported as ooC detected. 
•Only on,: value w.as abovi: di:tectiun. so risk nol comput,:J_ 
<\,mb1ned chlordane is the sum of cis· anJ traos-chlorJane isomers. cis- and trans-nonachlor 1.som.:rs. and oxychl11ranc. 
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Figure 6- 1 .  Graphical tool for estimating upper-bound cancer risk of p,p' -DDE or equivalents 
for different fish consumption rates. 
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TABLE 6-7 
Noncarcinogenic Hazard Index Values at Targeted and Background S ites 

Based on Fillet Samples 

TARGETED 
No. of 

Sites with 
Chemical Maximum Mean Median F il let Data 

-7  .,Biphenyl 9 .8xl  0 -5  - .0xl  0 -6 3 .  Sxl  0_a 1 06 
Combined Chlordane 1 . 2  4 .6xl  0_-2 7. l x l 0  3 1 06 
Chloropyrifos 2.4xl o-3 6.4xl 0 5 ND 1 06 
DOE 5 . 2xl O· l  2 .4x l 0 ., - 2 2 . 7xl 0-J 1 06 
Dieldrm 7 . 5xl  0 - 1  2 . 8x l  o· .. -5 1 . sx 1 0· 3 1 06 
Endrin 4 . 3 x l 0-J 9 . 6x l 0  ND 1 06 -5y-Hexachlorocyclohexane 2 . l x l 0_-3 9. 3x l 0 ND 1 06 

-4Hexachlorobenzene 5 .9x l 0  3 I .  9xl 0 ND 1 06 
-5 -7Heptachlor 5 .2xl  0 5 .6xl 0_a ND 1 06 

Heptachlor Epoxide 2 .9x l 0- I  7 l x l 0 3 ND 1 06 
Hexachlorobutadiene 4 . l x l 0"3 4. 6x l 0  - 5  ND 1 06 
lsopropalin N� N� 1 06 
Mercury 5 . 1 xl 0 9. 0xl 0- 7. l x l�� 1 82 
Mirex I 0 .45 _a 2 . l xl 0  - 1  

7 ND 1 06 
Pentach loronitrobenzene 2. 7xl 0 5 2 .5xl  0- ND 1 06 
Pentachlorobenzene 6 .0xl  0· 3 l .  3x l 0 -4 ND 1 06 
Pentachloroanisole l . 5x l 0"4 4 Oxl o:� N� 1 06 
PCBs 4 . 78 4 .4xl  0 7. 8x 1 0· .. 1 06 
1 ,2,4,5 Tetrachlorobenzene 8 . 8x 1 0·3 l . 2x:1 0 -4 Na 1 06 -1 ,2,4 Trichlorobenzene 4 . 8x l 0  -4 7 . 2x l 0 6 6. 5xl 0 S 1 06 3 -5Trifluralin l .4xl o- 2 .9x l 0  ND 1 06 

BACKGROUND 
No. of 

Sites with 
Chemical Maximum Mean Median Fillet Data 

-7  -7Biphenyl 3 . 7x l 0_a 2 .2x 1 0 2 . Sx l  0 -7 43 -3Combined Chlordane 5 . 0x l 0  l . 0x l 0  ND 4
- 1Mercury 5 . 5x l  0_a 1 . 5x l  o· l 1 . 2x 1 0:! l 

1 ,2,4 Trichlorobenzene 3 . 3 x l  0 
-2 
6 l . 6xl  0 -6 l . Sx l 0  4 

PCBs 4 .2x l 0  l 0x1 0·2 N!3 4 
p,p'-DDE 8 .0xt o·3 2 .ox 1 0·3 l . 0xl  0 4 
(All other chemicals were not detected in background samples) 

Consumption rate of fish at at 6. 5 g/day. RID values used are given in Table 6-2. 
ND, not detected. 
Combined chlordane is the sum of cis- and trans-chlordane isomers, cis- and trans-nonachlor isomers, and 
oxychlordane. 
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Figure 6-2. Graphica1 tool for estimating upper-bound noncarcinogenic hazard index of 
p,p'-DDE for different fish consumption rates. 
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Glossary 

B ioaccumulation The net accumulation of a chemical from combined exposure to water, food, 
and sediment by an organism . This may be further defined as accumulation 
under a non-steady-state or equi librium condition of exposure. 

B CF The bioconcentration factor (BCF) is the partition coefficient for the distri
bution of chemical between water and an organism exposed only through 
water. BCF = Ct!Cw, where Cta== concentration of a chemical in wet tissue 
(either whole organism or specified tissue) and Cw == concentration of a 
chemcial in water. The higher the BCF value, the greater the potential for 
high concentrations ofa chemical to occur in fish ti ssue samples. BCF values 
given in the chemical profiles in Volume II are based on water and fish tissue 
concentrations. 

CPF Cancer potency factor expressed in units of (mg/kg/dayf I based on experi
ments to determine whether a chemical causes cancer. The method used by 
EPA to derive this value is to set the CPF equal to the upper 95 percentile of 
the slope of the linearized multistage m odel for extrapo lation of cancer from 
high to low doses. Cancer risks derived using this approach are referred to 
as upper-bound risks. 

C ombined 
Chlordane 

Combined chlordane is the sum of cis- and trans-chlordane isomers, cis- and 
trans-nonchlor isomers, and oxychlordane. 

Congeners Related chemical compounds with same basic structure but different number 
of substitutions (e.g . , chlorine). Examples of congeners investigated in this 
project include the chlorinated dibenzo-p-dioxins (e.g . ,  2,3 ,7,8 TCDD with 
four chlorines and 1 ,2, 3 , 7,8 PeCDD with five chlorines). Such congeners 
are sometimes referred to as homologs. 

GC/MS Gas chromatography/mass spectrometry, a laboratory analytical method 
used in this study for PCDDs,  PCDFs, and other xenobiotic compounds. 

Hazard Index Ratio of dose of a chemi cal to the level at which noncarcmogenic effects are 
not expected to occur (reference dose or RID). If the value of the hazard 
index is less than 1 ,  no toxic effects should occur from the dose tested (e.g. , 
ingestion of fish at a given consumption rate with a specified contaminant 
concentration). 
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Isomers 

PCDDs 

PCDFs 

RfD 

TEC 

TEF 

TEQ 

Total Chlordane 

TTR 

Xenobiotic 

Related chemical compounds that have the same molecular formula but are 
structurally different. An example of isomers investigated during this study 
include cis- and trans-chlordane. 

Waste disposal sites included on the National Priority List for clean-up under 
CERCLNSARA, also referred to as Superfund sites. 

Polychlorinated dibenzodioxins 

Polychlorinated dibenzofurans 

Reference dose expressed in units of mg/kg/day. The RFD is the estimated 
single daily chemical intake rate that appears to be without toxic effects if 
ingested over a lifetime. 

Toxicity equivalency concentration for dioxins and furans. This represents 
a toxicity-weighted total concentration of all individual congeners using 
2,3,7,8 TCDD as the reference compound. The 1989 interim method advo
cated by EPA was used for this study (Barnes et al. ,  1 989). 

Toxicity equivalency factors for dioxins and furans. These factors express 
the relative toxicity of the 2,3, 7 ,8-substituted congeners. The values used in 
this study were from the 1989 interim method (Barnes et al. ,  1989). 

Toxicity equivalents for dioxins and furans (Barnes et al. ,  1 989). This tenn 
has the same meaning as TEC. 

Total chlordane refers to the sum of the measured concentration of cis- and 
trans-isomers of chlordane measured in the same sample. 

Total toxic residue equals the combined concentration of cis- and trans-chlor
dane, cis- and trans-nonachlor, oxychlordane, and the four chlordene iso
mers. This combined concentration is used by EPA's Office of Pesticide 
Programs. 

Compounds that do not naturally occur in living organisms. 
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Appendix A-1 - Analysis of Laboratory QA/QC Data 

The QNQ!:, procedures, as mentioned in Chapter 2 and listed in Table A- 1 ,  included analysis 
of reference fish spiked with the chemicals being studied, analysis of method blanks and duplicate 
tissue samples, and confinnation sampling using a second GC column. The total number of QNQC 
samples of each type is listed below: 

NumberofAnalyses 
Reference Fish 1 42 
Method Blanks 1 35 
Duplicate Samples 1 17 
Confirmation Samples 4 1  

These data were used by the EPA Duluth laboratory to estimate analytical precision and 
bias. 

BIAS 

Bias is a systematic error resulting in values that are too high or too low. It can be measured 
using spiked samples and is defined as follows: 

B = ( 100 (Ca - Cb)ff) - 1 00 

where : 
B = percent bias 
Ca = measured concentration of analyte after spiking 
Cb = original concentration in sample 
T = amount of spike added to sample. 

Reference fish. not containing dioxin/f uran, were used in this study to detennine bias. The 
QNQC criteria, listed in Table A-2, specify that the bias be ± 50 percent for tetra- and penta
dioxin/furan congeners, ± 1 00 percent for hexa- and hepta-dioxins and hexa-furans, and&± 200 
percent for hepta-furans. Method bias achieved is reported in Table A-3 for PCDD/PCDF analysis. 
The reported values are for standard solutions in tridecane solvent and represent the three spiking 
levels indicated in the Analytical Procedures and Quality Assurance Plan for the Detennination of 
Mercury in Fish (U.S. EPA, 1 989a) .  Method bias prior to the use of the tridecane solvent was, in 
general, lower. Mean recovery for the dioxins/furans ranged from 94 percent to 1 09 percent. The 
percent bias ranged from +9 percent to -6 percent Thus, the above criteria for bias were met. 

The bias QNQC criteria for xenobiotics were defined in terms of individual analyte recovery 
and total analyte recovery. The bias for specific analytes must be between +50 percent and + 130 
percent, except for the following compounds: 
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2. 

3. 

TABLE A-1 
Laboratory Quality A�urance Procedures 

1 .  All instrument maintenance schedules maintained according to the manufacturer's 
recommendations 

2. Gas Chromatography (GC) performance 
a) Xenobiotics 

1 .  Column resolution (number of theoretical plates of resolution must not 
decrease by more than 20%) 

2. Relative retention times ( 3%) of internal standards 
b) PCDD/PCDF 

1 .  Resol�tion of 1 ,2,3,4 TCDD from 2,3,7,8 TCDD must be 0.75 
The R value of the regression of the relative retention time of all 
biosignificant PCDD/PCDF to the library relative retention should not be 
<0.995 
Elution of all PCDD/PCDF du.ring analysis from a GC window defining 
solutions of select PCDD/PCDF congener groups (first eluted/last elutea) 

3. Mass Spectrometry (MS) performance 
a) Xenobiotics 

1 .  Sensitivity (signal-to-noise ratio, 3.0 for m/z 1 98 from injection o f  1 0.0 ng 
decafluorotriphenylphosphine [DFfPP)) 

2. Spectral quality (intensity of ions in the spectrum of DFfPP must meet 
specified criteria) 

b) PCDD/PCDF 
1 .  Sensitivity and linearity were evaluated using calibration standards (in pg/µl 

tridecane) which varied in concentration 
2. Mass resolution was a minimum of 5,000 ( 10% valley definition) 
3. Percent relative standard deviations for the mean response factors were <20% 

4. Gel Penneation Chromatography (GPC) performance 
a) Xenobiotics 

1 .  Column flow rate (not vary by more than 0.2 mVmin) 
2. Column resolution (daily injection of performance solution) 
3. Collection cycle (start and end of the collect cycle must not deviate by more 

than 2 ml) 
5. Silica Gel Chromatography performance 

a) Xenobiotics 
1 .  Evaluated by its ability to resolve cholesterol from a select model target 

analyte, diefdrin 
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TABLE A-2 
Quality Assurance Parameters for Dioxins and Furans 

Methoda Accuracy3 Precisionb SIN 
Ion Ratio Efficiency at 10 �gig at 10 �gig Minimum 

TCDD 0.76±15% >40%,< 1 20% ±50% ±50% 3 .0 

PCDD 0.6 1±15% >40%,< 120% ±50% ±50% 3 .0 

HxCDD 1 .23±15% >40%,<120% ±1 00% ±100% 3 .0 

HpCDD 1 .02±15% >40%,<1 20% ±100% ±100% 3 .0 

TCDF 0.76±15% >40%,< 1 20% ±50% ±50% 3.0 

PCDF 1 .53±15% >40%,< 1 20% ±50% ±50% 3 .0 

HxCDF 1 .23± 1 5% >40%,<1 20% ±1 00% ± 1 00% 3.0 

HpCDF 1 .02± 1 5% >40%,< 120% 200% 200% 3 .0 

• Variance of measured value from actual. 
b Variance of difference of duplicates from mean. 
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1 3  

1 3  

TABLE A-3 

Bias Analysis for PCDDs/PCDFs 

Mean 

Chemical Recovery Stan. Dev. % Bias 

2,3, 7 ,8 TCDF 1 09 16  9 

2,3, 7 ,8  TCDD 1 02 1 3  2 

1 ,2,3,7,8 PeCDF 1 04 1 4  4 

2,3,4,7 ,8 PeCDF 104 

1 ,2 .3 .  7 , 8  PeCDD 100 

1 2  

1 .2.3.4. 7 .8 HxCDF 95 1 0  -5 

1 ,2.3 .6, 7 ,8 HxCDF 1 04 1 7  4 

2,3.4,6, 7 .8 HxCDF 96 1 1  -4 

1 ,2 .3 ,7 ,8 ,9 HxCDF 94 1 2  -6 

1 ,2 ,3 ,4,7,8 HxCDD 99 24 

1 ,2 ,3 ,6,7,8 HxCDD 108 

1 ,2 ,3 .7 ,8 ,9 HxCDD 96 1 1  -4 

1 ,2.3,4,6,7 ,8 HpCDF 99 1 1  - 1  

1 ,2.3.4,7,8,9 HpCDF 1 04 1 4  4 

1 ,2 ,3 ,4,6,7 ,8 HpCDD 1 03 1 2  3 

4 

0 

- 1  

8 
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Trichlorohenzenes ( 1 ,3,5- ; 1 ,2,4- ; and 1 ,2 ,3-) ; 

Tetrachlorobenzenes ( 1 ,2 .4,5- ; 1 ,2,3,5-: and 1 ,2 .3 .4-) ;  

Pentachlorobenzcnc; and 

Biphenyl. 

The recovery for these analytes is low due to some losses during the evaporation steps. The 
average analyte recovery for the spiked analytes was then determined for these analytes. The 
QA/QC criteria specified that this value be greater than 35 percent and less than 1 30 percent (Table 
A-4). 

The bias results are shown in Table A-5 for PCBs and Table A-6 for the remaining 
xenobiotics, excluding mercury. Mean recoveries for PCBs were estimated using data for PCBs 
with 3 to 7 chlorines with the recoveries ranging between 58 and 10 1  percent. The recoveries were 
higher for the more heavily chlorinated compounds. Bias for the above PCBs ranged between +8 
and -37 percent and thus met the criteria. 

Method bias values for xenobiotics were detennined from two spiking levels (Analytical 
Procedures and QuaJity Assurance Plan, U.S .  EPA. 1989a). Method bias for xenobiotic analytes 
varies considerably compared to PCDD/PCDF analysis. As expected, low recoveries are exhibited 
by the chlorinated benzenes and other semi volatile compounds due to the concentration steps in the 
analytical procedure. The percent bias for the analytes other than chlorinated benzenes and biphenyl 
ranged from -45 to + 1 4. The average analyte recovery was 73.8, well within the overall QAJQ!:, 
crit�ria. 

The QAJ(X, criteria for mercury are listed in Table A-7. The amount of tissue analyzed 
decreased from 1 .0 g to 0.2 g in 1 990 to obtain results within the instrument calibration range 
established at a lower detection limiL The detection limit for samples analyzed in 1 990 was 0.00 1 3  
µg/g tissue. Analysis and EPA reference fish (mean value 2.52 µgig, standard deviation (s) = 0.64) 
throughout the study gave a mean mercury value of 2.87 µgig (s = 0.08). This gives a bias ofa+ 14 
percent for mercury. 

PRECISION 

Precision (P) measures the reproducibility of the analyses. It can be determined as follows: 

P = difference between duplicate samples x 100 
mean of duplicate 

The precision criteria for dioxin/furan congeners are the same as those listed earlier for method bias. 
Specific precision criteria for the individual xenobiotics were not listed in the Analytical Procedures 
and Quality Assurance Plan (U.S. EPA, 1 989a). The original Work Plan for the study (U.S. EPA, 
1 986a) listed a general criterion for precision of ± 50 percent. 

Estimates of intralaboratory precision expressed as the standard deviation for replicate pairs 
are presented in Table A-8 for dioxins/furans and in Table A-9 for selected xenobiotics. The 
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TABLEEA-4 
QA/QC Criteria for Xenobiotics Analyses 

l .  GC relative retention time for the target analytes could not deviate by more than + 3% 
from calibration curve values. 

2 .  Analyte identification criteria - reverse search identification of an analyte must have an FIT 
value of 800. 

3. Signal-to-noise ratio - quantification ion must have a ratio of 3 .0 .  

4. Relative response factor for each analyte quantification ion relative to the appropriate 
internal standard quantification ion must not deviate by 20% from the previous day ' s  
value, and must be within 50% of the mean value from the calibration curve. 

5 .  Percent recovery of each surrogate standard must be determined and must be within 25 and 
l 30 percent for iodonaphthalene and 50 and l 30 percent for 4,4 · -diiodobiphenyl. 

6 . Average analyte recovery for all target analytes must be greater than 35% but less than 
1 30%, and for the fortified analytes (except several chlorobenzenes, biphenyl, and 
hexachlorobutadiene} recovery must be within a range of 50 to 1 30 percent. 

TABLE A-5 
Bias Analysis for Polychlorinated Biphenyls 

Mean 
Chemical Recovery Stan. Dev. % Blas 

Tetrachlorobiphenyl 63 1 6.5 -37 

Pentachloro biphen y l 90 1 2  - 10 

Hexachlorobiphenyl 1 08 1 1  8 

Heptachlorobiphenyl 23 - 1  
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TABLE A-6 
Bias Analysis for Xenobiotics 

Mean 
Chemical Recoverv Stan. De�·. % Bias 

1 .3 .5 Trichlorobenzene 25 7 -75 
1 ,2,4 Trichlorobenzene 25 l l 75 
1 ,2.3 Trichlorobenzene 2 1  1 1  -79 
1 ,2,4.5 Tetrachlorobenzene 32 16  -68  
1 ,2,3 ,5 Tetrachlorobenzene 39 1 2  -6 1 

-67 
27 1 0Biphenyl 

1&,2.3,4 Tetrachlorobenzene 
Pentachlorobenzene 43 1 6  -57 
Trifluralin 86 25 - 1 4 
alpha-BHC 67 1 8  -33 
Hexachlorobenzene 58 1 6  -42 
Pentachloroanisole 67 1 8  -33 
garnma-BHC (Lindane) 64 1 6  -36 
Pentachloronitrobenzene 7 1  1 9  - 29 
Diphenyl disulfide 82 26 - 1 8  
Heptachlor 68 1 8  -22 
Chlorpyrifos 1 06 1 6  6 
Isopropalin 84 49 1 6-
Octachlorostyrene 96 24 - 4  
Heptachlor epoxide 88  l l - 1 2 
Oxychlordane 76 1 4  -24 
Chlordane, trans 92 1 5  -8 
Chlordane, cis 97 24 -3 
Nonachlor. trans 96 22 -4 
p,p' -DDE 95 23 -5 
Dieldrin 1 00 1 4  0 
Nitrofen 1 14 20 1 4  
Endrin 1 02 1 4  2 
Perthane 
Nonachlor, cis 
Methoxychlor 

78  32  -22 
22 - 1  
27 -45 

Dicofol 96 27 -4 
Mirex 90 20 - 1 0  
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TABLE A-7 
QA/QC Criteria for Mercury Analyses 

I .  Samples are analyzed in batches of 20 to 25, with at least 20% additional reagent blank 
and duplicate samples per batch. 

2 .  The detection limi t  for a batch analysis i s  not to exceed 50% above the detection limit of 
0 .050 µg/g tissue, or samples are reanalyzed. 

3 .  Complete reagent blanks are to produce a mercury signal equivalent to less than 0. 1 5  
µgig tissue. 

4. Signal response to the standards is not to drop below 50% of the optimum value . The 
instrument is reoptimized if this criterion is not met. 

5 .  The standard deviation for batch duplicates i s  not to  exceed two times che standard 
deviation for the optimum determined value. Samples oucside this range are reanalyzed. 

6. Analysis of EPA reference samples for mercury in fish is used to assess accuracy. 
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Precisiona (l!g/g) 

TABLE A-8 
lntraJaboratory Precision Measurements for Replicate Pairs for PCDD/PCDF Analysis 

# of 
Chemical Observations 

Concentration 
Range (�g/g) 

2 ,3,7,8 TCDF 5 1  s=0.07X 1 to 1 00 

2,3,6,7 TCDF 1 3  s=0.08X 1 to 30 

2 ,3,7,8 TCDD 4 1  s=0.08X 1 to 1 20 

1 ,2,3,7,8 PeCDF 1 4  s=0.2 1  l to 1 0  

2,3 ,4,7 . 8  PeCDF 29 s=0.09X l to 50 

1 ,2,3,7 ,8 PeCDD 25 s=0.9 1  l to 30 

1 ,2 .3 ,4. 7 ,8 HxCDF 1 8  s= l .37 1 to 50 

1 .2.3,6.7,8  HxCDF 9 s=0. l l X  1 to 30 

2,3,4,6, 7 ,8 HxCDF 1 1  s=0. 1 7X l to 5 

1 .2,3,4,7,8 HxCDD 1 1  s=0.&1 3X l to 1 0  

1 ,2,3 ,6,7,8 HxCDD 29 s=O. l l X  l to 35 

1 ,2,3 ,7,8,9 HxCDD 8 s=0. 1 lX  1 to 1 0  

1 .2,3,4,6,7,8 HpCDF i 1 s=0.77 l to 1 5  

1 ,2,3,4,6,7,8 HpCDD 33 s=0.08X 2 to 1 50 

ax = concentration 
s = standard deviation 
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TABLE A-9 
lntraJaboratory Precision Measurements for Replicate Pairs for Xenobiotic Analysis 

Number of Concentration 
Chemical Observatio� Precisiona (ng/g) Range (ng/g) 

1 ,3,5 Trichlorobenzene 
1 ,2,4 Trichlorobenzene 
1 .2,3 Trichlorobenzene 
Hexachlorobutadene 
Biphenyl 
1a,2,3 .4 Tetrachlorobenzene 
Pentachlorobenzene 
Trifluralin 
alpha-BHC 
Pentachloroanisole 
garnma-BHC (Lindane ) 
Pentachloronitrobenzene 
Heptachlor 
Chlorpyrifos 
Isopropalin 
Heptachlor epoxide 
Oxychlordane 
Chlordane, trans 
Chlordane, cis 
Nonachlor, trans 
p,p' -DD E 
Dieldrin 
Endrin 
Nonachlor, cis 
Dicofol 
Mirex 
Tetrachlorobiphenyl 
Pentachlorobiphenyl 
Hexachlorobiphenyl 
Heptachlorobiphenyl 
Octachlorobiphenyl 
Hexachlorobenzene 
1X= concentration 
s = standard deviation 

5 
5 
5 
6 
5 
6 
5 
6 
7 

1 0  
8 
5 
6 
8 
7 
6 

1 1  
1 4  
1 3  
2 1  
29 
1 7  
5 

1 3  
5 
5 

1 4  
26 
28 
2 1  
6 
4 

s= l 3 .05 40 to 100 
s=0.28X 8 to 120 
s=S.39 1 5  to 1 20 
s=0.39X 30  to 150 
s=0. 1 9X 4 to 1 10 
s=0.35X 30  to 150 
s=0.04X+5.04 50 to 200 
s=0. l 9X 2 .5 to 1 50 
s=0 .05X+ l .70 2 .5 to 250 
s=0.25X 2.5 to 240 
s=0. 1 2X 3 to 240 
s=38.8 l 70  to 280 
s=7.44 50 to 250 
s=0.05X+8.09 4 to 300 
S=38.43 I O  to 500 
s=0. 1 3X 1 5  to 260 
s=0. 1 2X 4 to 300 
s=0. l0X 3 to 300 
s=0. l0X 3 to 200 
s=0. 16X 4 to 400 
s=0 . 1 7X 1 0  to 400 
s=0. l OX 3 to 400 
s=O. l 0X 1 00 to 500 
s=0. 1 3X 5 to 300 
s=0.03X+5.66 20 to 300 
s=0.07X 4 to 300 
s=0. 17X IO  to 280 
s=0. 16X 7 to 1000 
s=0. 1 4X 8 to 1 000 
s=8 .33 7 to 1 20 
s=O. l SX+l .4 1  6 to 100 
NIA 2 to 36 
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standard deviation, s .  and coefficient of variation (CV) for each duplicate pair were determined and 
then plotted against the mean concentration. For most analytes. s increased as the mean increased 
and CV appeared constant. For these analytes the average CV was used as the precision summary. 
The precision is reponed asas =  (average CV)X, where X is the mean concentration of the duplicate 
pair. The pooled standard deviation value was used as the precision summary for 1 ,2,3,7,8 PeCDF: 
1 ,2 ,3 ,4,7,8 PeCDD: l .2 ,3 .4.7 .8  HxCDF: 1 .2.3 ,4.6,7,8 HpCDF: 1 .3,5 and 1 ,2,3 trichlorobenzene : 
pentachloronitrobenzcne ; and isopropalin. 

CV decreased with increasing concentration, and s appeared constant over the concentration 
range for these analytes. For pentachlorobenzene. alpha-BHC, chlorpyrifos. dicofol, and oc
tachlorostyrene, precision was determined by a least-squares linear regression since s increased with 
concentration and CV decreased with concentration. Precision is not reported for some analytes 
since not enough data were collected to make any conclusions. 

Mercury precision for replicate pairs was estimated as s  = 0.047 µgig in the concentration 
range of 0 .08 µg/g to 1 .79 µg/g for 20 samples. 

DA TA COMPLETENESS 

The original work plan (U.S. EPA, 1 986a) specified a target for data completeness of 80 
percenL This was to be based on verified data as a percentage of all reported data. For the dioxins 
and furans, 4 percent of all values did not meet the QA/(X, criteria and are reported as "QR" in the 
data base. The xenobiotic data were tested throughout the study and if a run did not meet the 80 
percent completeness criteria, the set of samples was rerun. No "QR" values were reported for 
xenobiotics. Thus, the criterion of 80 percent valid data was met. 
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APPENDIX A-2 

Analytical Procedures and Quality Assurance Plan for 
the Determination of PCDD/PCDF in Fish 
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1 Z / 19 Q A / Q C  , c o o 1 , c o , 



I I .  S 1 mp \ f  • � 1;1 r 1 s i o n 

A .  G r i nd i n g :  , r o 1 e n f l 1 h w r a p p e d  i n  a l u ■ i n u ■ l o i l a r t s e n t  t o 

w h o l e  a n d p r e d a t o r s 1 r 1  f l  l l t t t d w i t h t h l  1 1 i n  o f ft. F i s l'I t i s s u e  1 s  

g r o u n d  f r o z e n  i n t • 1 t 1 i n l 1 1 1  s t e e l  p o w e r  me a t  g r i n d e r . 

s e ■ p \ 1 i t  p r o c e 1 1 1 d  t h r o u t h  t h e  9 r i n d 1 r  t h r e e  t i m 1 1  w h i e � 

T h e a r o u n d  t l 1 1 u 1 i s  1 t o r 1 d 1 t  

p l 1 1 t i c  l i d s . 

I .  £ 11t r 1 ct i o n :  T i 1 1 u e  ( 2 0 t >  i i  b l e nd e d  w i t h e n o u g h  a n h y d r o u s  

s o d i u m  s u l f a t e  t o  d r y  t h e  t i 1 1 u 1  ( 1 0 0 t ) ,  T w o · t h i r d 1  o f  t h l  s a m p l e  

i 1  p l 1 c 1 d i n t • 9 \ 1 1 1  S 0 1 h l 1 t t h f • b l e ,  s p i k e d w i t h 1 0 0 u l  o f  e a c h S t a n d a r d  

S o l u t i o n A a n d  I ( T a b l e l >  a n d  t h en t h e  r 1■ a i n d 1 r  o f  t h e  s a m p l e  

T Ii e  · • •P l •  i i  • • t r 1 c t e d I t  l t l l t  t w t l v t  

h o u r s  w i t h  a 1 : 1  ■ i 1 t u r 1  o f  h 1 1 a n 1  a n d  • e t h y l e n e  c h l o r i d e i n  • 

s 0 1 h l 1 t •• t r a c t o r . T h e  • • •P L •  i 1  q u a n t i t a t i v e l y  t r a n 1 f 1 r r 1 d t o  

1 5 0 0  � I  K ud 1 r n 1 • 0 i n i 1 h 1 p p 1 r a t u 1 a n d p r 1 w a 1 h 1 d b o i l i n g  c h i � • 

1 r 1  a d d l d , 

C .  P 1 r c 1 n t UA.ii P• s •c • t n•t l on :  T h i  · • •P l •  e 1 t r a c t 1 d i n  

s e c t i o n I . I .  o f  1 1 ■p l 1  p r e p a r a t i o n 1 1  u s e d t o  d 1 t 1 r ■ i n 1 pe r c e n t  

l ) p i d ,  A f t e r  • • • P L •  c o n c 1 n t r 1 t l on ,  t h e  K O  l o w e r  t u b e  i s  p l a c e d i n  1 

6 0 t° C w a t e r  b a t h  u n d e r t • 1 1 n t l e  1 t r 1 a ■  o f  d r y  c a r b o n  f l l t 1 r 1 d  

• i r . A f t e r  a n y  r e■a i n l n t 1 o l v 1 n t  h 1 1  b e e n  e v e p o r a t ed ,  t h e  l o w e r  
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l n t 1 r n 1 \  

, • 0 
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1 l C , z 1 , 2 , l , lo • T C O O  5 0 1. 0  5 0 .  0 

t r 1 n 1 f t r r 1 d  t o  t � •  � , c r o  c o l u � n  1 1  d t 1 c r 1 b t d i n  S t c t , o n I . J .  o f  

T 1 0 l t  l .  l � t t r n a l  S t 1 n d 1 r d  S o l y t i o n t . 

C o n c t n t r 1 t i  o n  C o n c 1 n t r 1 t  i o n 

____ _ f g � e g � � � - - - - - - - -- - - - � � - ! 2l � ! i 2 � _ i ; i L � � l _ _ ___ _ f � - l i 1 ! � ! - i 2 i L i ! l __  

I " t  e r  'I I l S q n d 1 � g  SO l !.S i si n !... Dil \LU 

3 7 c 1  Z , 3 , 7 , ! · T C O O  z . o  1 0 .  0 lo 
C 2 . 3 , 7 , S · T C O O  5 .  0 2 5 . 0 

, 3 
1 Z 1 3 C 2 , 3 , 7 , S • T C O F  5 .  0 2 5 • 0 1 Z 

C 1 , Z , 3 , 7 , S • P t C O D  5 .  0 2 5 . 0 
, l 

, z, 3 C 1 , 2 , 3 , 7 , ! • P t C O F 5 , 0 2 5 . 0 • 3 , z 
. C 1 , Z , 3 , 4 , 7 , S • M a C :l D  1 Z . 5 6 2 .  5• 3 , 2 

C 1 , 2 , 3 , 4 ,  7 , ! · M a C D F 6 Z . 5  , 2, 3 C 1 , 2 , 3 , 4 , 6 , 7 , ! • M p C O O  1 2 .  5 6 2 . 5 • 3 , 
, 2 

C 1 , 2 , 3 , 4 , 6 , 7 , S • M p C O F  1 Z . 5 6 2 . 5 1 z1 3 C o c o o  2 5 . 0  1 2 5 .  0 2J 1  ,
C I 4 2 , 3 , 7 , !l • T C O F  Z .  0 , o .  a 

St 1 nq■ r g  SO \ u 5 i qn L. 

1 , 2 , 3 , lo • T C O O  5 . 0 
1 , 2 , 4 , 27 , S • P t C O O  5 • 0 
1 , 2 , 3 , 4 • T C O f  , . 0 5 • 0 
1 , 2 , 3 , 6 , 7 · P t C 0 f , . 0 5 .  0 

I n u r n 1  l S s, n !j!■ r g  J 51 1 W S i 51 n � 
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T "' e  I I III P l l  1 1 t r 1 c: t  1 1  

Q u 1 n t t t 1 t l v e l y , r 1 n 1 f 1 r r 1 d t o  a 3 0  c: 111  1 2 . 5  c: 111  9 l 1 1 1  c: "' r o 111 1 t o t r i g r, y  

c: o l u ■ n  C M A C • O · c o l u m n t l f i t t ■ d w i t "'  1 3 0 0  m L  r 1 1 1 r v o i r  o " t o g ,  

T h e c o l u m n  "' I I  b t t n  P I C k l d  w i  C PI  a p l u g o f  g l a 1 1  w o o l  ( b o t  c o m c o  

t o p ) , 2 g s 1  l i c: a g e l , Z g p o t a s s i u m s i  l i c: 1 t 1 ,  2 g s o d i u m  s u l f a t ,  

1 0  g c 1 l i t t / 1 u l f u r i c:  a c i d  a n d  2 g 1 o d i u 111  s u l f a t 1 ,  a n d p r 1 v 1 o u 1 L y  

w 1 1 "' 1 d w i , n  1 0 0  111 L  n 1 1 1 n 1 . 

b e n z e n • l "' • • a " •  ( 5 1 )  a n d  t l'II t l u e n t  i s  c: o l l t c t e d  i n  I lt u d t r n a · O a n i s r, 

( IC 0 )  1 p p 1 r 1 t u 1  ( C a u t i o n :  b e n z i n e  i 1  I k n o w n  c: 1 r c i n o 9 1 n ) .  I 1 o o c t 1 n 1  

( 1  . 0  III L ) i s  a d d e d , t Pl e  v o l u m e  i s  r e d u c e d  1 n d  t Pl e n  t r 1 n 1 f 1 r r t d t o  t "' e  

f \ o r i 1 i l c o l u m n . 

A 1 . 0  c m  1 2 0 . 0  c: 111  9 1 1 1 1  c Pl r o m 1 t o g r 1 p Pl y 

c o l u ■ n  f i t t e d  w i t PI I 1 0 0  III L  r t 1 1 r v o i r  ; ,  p a c k e d  w i t ll I p l u ; o f  g l 1 1 1  

w o o l ( b o t t o m t o  t o p ) , 5 . 0 c 11  ( 1 . 5 ; >  a c t i v a t e d f l o r i 1 i l a n d  1 . 0 c m  

s o d l u • 1 u l f 1 t e .  T Pl e  f l o r i s i l i s  1 c t i v a c e d I t  1 2 0t° C f o r  Z it  h o u r s .  

T h e  c o l u mn i s  w 1 1 "' e d w i t "'  2 0  m L  m 1 t P1 y l e n e  c h l o r i d e f o l l o w e d b y  1 0  111 1  

S 1 111 p l e  1 n d  t w o 1 m l  Pl e 11 1 n e r i n 1 1 1  i r e  Q u a n t i t a t i v e l y  

T h e  c: o l u 111n  i s  e l u t e d w i t h Z O  m L  2 1  

• • t ll y l e n t  c ll l o r i d t / ll 1 1 1 n 1  1 n d  t ll t  e l u a t e  d i t c 1 r d 1 d . T l'l i 1  111 1 1 1\  i s  

f o l l o w e d  b y  5 0  ■ L  111 1 t ll y l 1 n 1  c h l o r i d e w h i c h f l o w ■  d i r e c t l y  o n t o  t Pl e  

• l c r o  c 1 r b o n / 1 l l c 1  g e l c: o l u■ n  f o r  � C D O / P C O F  i s o l a t i o n .  

F .  P CQQ/ P CQ , I J 9 \ ■ t l o n : E f f l u e n t  f r o •  t h e  f l o r i s i l  c o l u 111 n  i s  

p 1 1 1 1 d  o n t o  • 4 • •  1 2 0 0  111 111  c o l u m n  ( ■ i c: r o · c o l u 111n ) c: o n t 1 i n i n 9 

J O O  • •  1 l l l c 1  1 1 t / c 1 r b o n  ( 1 1 1  I I C . I I I  . l . 6 )  w h i c ll W I I  p r 1 v i o u 1 l y  

r t n 1 1 d  w i t h 1 0  ■ I  t o l u e n e  f o l l o w e d  b y  1 0  ■ I  111 1 t ll y l 1 n 1  c h l o r i d e .  

T h e  c o l u■ n  1 1  f l c c t d w l c h • 1 o l v 1 n t  r 1 1 1 r v o l r .  A f t e r  c h •  1 1 ■ p l 1 

1\ 1 1  1 l ■o 1 t  c o ■ p l 1 t 1 l y  e l u t e d  f r o ■  t h e ■ i c r o • c o l u ■n , C h e  r 1 1 1 r v o i r 

i i  W l l h t d  t w i c e w i t h z • L  2 5 1  b 1 n z 1 n 1 / ■ 1 t h y l 1 n t  c h l o r i d e 1 nd t PI I  

, z ,at o a , o c  , c 0 0 ; , c 0 , 



T � e  c 0 1 u ■ n  1 1  i n .., e r t e d o n  t h e r 1 1 e r .., 0 i !r I n d  

t h e  P C O O / P C O , 1 r 1  e l u t e d - • C h  t o l u e n e  < 2 5 m L ) .  T h e  t o l 1a n e  

f r i c t i o n ' S  c o l l e c t e d 1 n  I P t ■ r  S � l p e d  f \ 1 1 1  ( 2 5 m l ) I n d  r • d � C l d 

i n  v o l u m e  t o  Q .  I m L  i n  I 6 0 !° C - • t • r  b a t h  u n d e r  1 ; e n t !l e  

s t r 1 1 •  o f  a r y  c a r b o n  f i l t t r e d  1 i r . T h e  1 1 ■ p l e  i s  t r 1 n 1 f e r r 1 d  t o  

P r i o r t o  C C nU 

1 n 1 l y s i s ,  t 'l e  s 1 • p l e  i s  1 l l o w 1 d  t o  e 'l 1 p o r 1 t 1  t o  d r y n 1 s 1  1 n d  ; ,  

s p i 1 1 d w i t h 2 0  u l  o f  S t 1 n d 1 r d S o l u t i o n C C T 1 b l 1  3 ) ,  

, . S o l v e n ts : O n l y  p e s t i c i d e 9 r 1 d e  d i s t i l l e d i n  9 l 1 1 1  s o l v e n t s  

i r e  u s e d .  T h e y  a r e : h e • 1 n e , i s o o c t 1 n e ,  ■ e t h y l e n e  c h l o r i d e ,  b e n z e n e , 

t o l u e n e , a c e t o n e , a n d  m e t h 1 n o l C l u r d i c k a n d  J a c k s o n ,  F ! 1 c h e r  

s c ; e n t i !f i c > .  

2 .  Sod i y m S u l f f t t : S o d i u • s u l f i t e  ( l a k e r  C h e ■ i c 1 l  C o ■ p 1 n y  r e 1 1 1 n t  

g r 1 d e  1 n � y d r o u s > i s  b i k e d 1 t  6 5 0 !° c i n  I f u r n 1 c e  f o r  2 4  h o u r s ,  

c o o l e d ,  a n d  s t o r e d i n  1 n  e m p t y  h e • 1 n e  s o l v e n t  b o t t l e .  

1 i r d r i e d f o r 1 2  h o u r s ,  a n d v 1 c u u ■  o v e n  d r i e d  ( 1 2 5!° c )  f o r 2 4  

h o u r s .  I t  i s  s t o r e d i n  1 n  e m p t y  h e • 1 n e  s o l v e n t  b o t t l t .  P r i o r t o  

u s e  i t  i s  a c t i v a t e d a t  1 0 5!° C f o r  2 4  h o u r , .  

" ·  s w \ f u r i c  A.c i g1c , 1 1 a : S u l f u r i c  a c i d  ( l a k e r  C h e ■ l c e l  C o ■ p 1 n y , 

U l t r • • > ( 5  ■ L ) i t  b l e n d ed I n  a 2 5 0  aL  b 1 1 k 1 r  w i t h  C 1 l i t e 5 4 5  

( l a k e r ) ( 1 0  I ) ,  

3 , S ; l i c I U.i.: 

• • t r 1 c t 1 d 1 i 9 h t  h o u r s  w i t h ■ 1 t h 1 n o l !, p l 1 c 1 d o n  s o l v e n t  r i n s e d  f o i !l ,  
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5 .  P o t 1 1 s i u 111  s i  l i � • s t =  

C h e ■ t c 1 l  C o ■ o 1 n y ) c 5 6 1 >  i s  d i s s o l v t d i n  m t t n 1 n o l < 3 0 0  m L ) .  

S I  i l c 1 · 9 1 l  ( 1 0 0 g )  i s  1 d d t d  t o  t h t  11 i • t u r 1  1 n d  s t i r r e d ( 1  n o u r ,  

T h t  m i • t u r t  i s  c o o l e d a n d  t h t  s o l v t n t  i s  r t m o v t d  u s 1 n � 

a l u c h n t r f u n n e l . P1 1 p o t a 1 1 i u • s i l i c a t e  i s  r i n s e d  t o; 1 c 1 w i t h 

1 0 0 m l  o f  m t t n a n o l a n d o n c t  w i t h 1 0 0 m l  o f  mt t h y l 1 n 1  c h l o r i d t .  

T h e  s o l i d s a r t  p l a c t d  o n  a l u 111 i n u 11  f o i l i nt • f u m e  h o o d  a n d  a l l o w e d  

t o  d r y  f o r  a p p r o x i 111 1 t 1 l y  2 h o u r s .  T h e  s o l i d s 1 r 1  p l ■ c t d i n  a v 1 c u � �  

o v e n  a n d  d r i e d o v e r n i g h t  a t  I O St° C .  T h t  r e a g e n t  i s  p l a c t d i n  a 

r i n 1 1 d b t t l t r  a n d  s t o r t d ( 1 c t i v 1 t t d )  a t  1 2 0t° c u n t i l  u s t . 

6 .  S i  I i e1  G t l/ C ut10 n : S i l i c 1 G t l · 6 0 ( 1 0 0  ; >  ( M 1 r c k · O a r m s t 1 d t l i s  

S o x h l t t 1 x t r 1 c t 1 d w i t h m e t h a n o l ( 2 0 0  m L ) f o r 2 4  h o u r s , 1 i r  d r i e d 

i n  a h o o d ,  a n d  f u r t h e r  d r i e d i n  v 1 c u u •  o v e n  f o r  2 4  h o u r s . 

P X • 2 1  C a r b o n  ( 5  1 >  i s a d d t d  a n d  t h e n b l t n d t d  u n t i I u n i f o r m  , n  

c o l o r .  T h e  S i l i c a G t  I / C a r b o n  i t  s t o r e d  i n  a c l o s e d j a r  a t  r o o m  

t 1 ■ p 1 r 1 t u r 1  u n t i L u 1 1 . 

7t Fl o r i s i l :  F l o r i 1 i l  6 0 · 1 0 0  m 1 1 h  ( l a k e r  A n a l y z e d ) i s s o • h l t t . 

1 x t r 1 c t a d  w i t h  m e t h a n o l f o r  2 4  h o u r s ,  p l a c e d  o n  s o l v e n t  r i n s t d 

f o i l ,  a i r  d r i e d a n d  s t o r e d i n  a n  tm p t y  h t x a n e b o t t l e .  P r i o r  t o  

u 1 1  i t  i s  1 c t i v 1 t 1 d a t  1 2 0t° c f o r  2 4  h o u r s . 

a .  s tfndtrO : 

1 .  401 \ xt t c1 \  S t 1nd1 rg Sp i k i n a Sol u t i on 

T a b l e  3 p r o v i d 1 1  d e t a i l s o f  t h t  s p i k i n g s o l u t i o n s . T h t  s u r r o g a t e  

1 n 1 l y t 1 1  ■ r t  u 1 1 d b y  t h t  d 1 t 1  r 1 v i 1 w 1 r  t o  i n s u r e  t h a t  c a l c u l a t e d  

• L O  v a l u 1 1  a r e  r e a s o n a b l e .  

2 .  9w•ns t t t c1s t 2n s tand1cd1 : Q u 1 n t f f f c 1 t f o n 1 t 1 n d 1 r d 1  w e r e  p r e p a r e d 

b y  W r i g h t  S t a t e  U n i v e r s i t y ,  T h e  c o n c e n t r a t i o n o f  Z , 3 , 7 , S • T C 0 0  w a s  
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l u r • e u  e f  l t 1 nd 1 r d 1 . 

3 .  gu1 l _i t 1 t t v1 s t 1 nda rd1 : I R L · O  h 1 1  d e v e l o p e d  t w o q u 1 l t t, 1 t i v 1 

f l y  l l h  ( T 1 b l 1 1  5 1 n d  6 )  1 n d  t h l  o t h e r  c o n t 1 l n t n 1 o n l y t h t  b i o 1 i 1 ·  

n l f l c 1 n t  i 1 o ■ e r 1  w 1 1  d e v e l o p e d  by 1 1 po 1 u r e o f  f i s h , o  ' "  , 1 , r 1 c t 

o f  ■ un t c l p a l  i n c i n 1 r 1 t o r  f l y 1 1 h  1 nd p r o c e 1 1 t n 1 t h e  1 1 p o 1 1 d f i t � 
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e " v i r o " • e " t • l  1 1 ■p l e  a r e  p r o c e 1 1 ed ' "d · " • L v i e d .  

1 1■ p l 1 1  1 n 1 l y 1 1d I t  e i 9 h t  i f  t h l  O e t 1 c t l o n L i ■ i t V e r i f i c a t t o " 

• • •P l • I t  u 1 ed :  o t h t r w i t t n i n t 1 1 ■p l 1 1 a r t  1 n 1 l y 1 ed . 

Z .  Snpl • T r act t n1 l.!l.t b fb•\1I "• tl Sa■p \ 11 : 

· - b9111 "1  1 ocg■ l n1 S1■pl 11 : ! I L · O  C O ■P l • t • •  t h t  c � 1 i n  o f  

c u 1 t od y  f o r ■ t  a nd i n f o r ■ t  t h t  S 1 ■ p l e  C o n t r o l  C e n t e r < S C C ) 

t h e e  • • •P l t t  a r r i v e d  1 1 f t l y  o r  f n f o r ■ t  s e c  o f  a n y  p r ob l e • • 

w i t h  t h e  1 1 ■p l 1 1 ,  ! 1 c h  1 1 ■p l e  r ec e i v e d  b y  ! I L · O  h a d 

p r 1 v l o u 1 L y  b e a n  1 1 1 l 1 n 1 d  t wo nu■b e r t  by t h e  S a■ p l e  C o n t r o l  

C en t e r ,  t h t  s a ■p l t  C on t r o l  C e n t e r  n u ■ b • r  ( S C C t J  a n d  a n  E p l t o d e  

n u ■b e r . T h e  s e c t  ""■ b a r  I t  u n i q u e  f o r e a c h  • •• P l t a nd p r o v i d e s  

t i / It IA/IC  , c o o 1 , cD P 1 4  



a n d  i t a  p e r m a n e n t  s t 0 r 1 1 e  a t  t h e  l o c k e r  p l a n t . T h 1 1 1 111 0 t 1 1  

1 r 1  p l a c e d  i n t o  f r e e z e r  A u p o n  a r r i v a l  a t  E • l · O u l � t n , 

h o m o g e n i z e d ,  C i t e  I I . A . ) ,  a n d  a n  a l i Q u o t  ( 1 0 0 · 5 0 0  g )  ; 1 D l ta e t a  

i n t o  f r 1 1 1 e r  I .  A f t t r  t h e  I I M p l 1 1 a r ,  1 x t r 1 c t t d t � t y l r t  0 � t  

i n t o  f r e e z e r  C .  I f  i l l  t h e  d a t a  111 e e t s Q A  r t q u i r t111 1 n t s  a f t t r  

• a 1 1  s p e c t r a l  1 n a l y 1 i 1  a n d  Q u a n t i f i c a t i o n ,  t h t  1 a m p l 1 1  1 r 1  

t r a n 1 f t r r e d  t o  a l o c k e r  p l a n t  f o r p e r • e n e n t  1 t o r 1 9 e  c - 2 0 t° C l .  

b .  L o pp i n g 1lli. L 1b1 ( i n g  Sl lllp \ 11  p u r i n g P r tp1 r 1 t i on : A l a b o r a t o r y  

i d e n t i f i c a t i o n c o d e  ( l a b 1 0 )  i s  r a n d o m l y  1 1 1 i g n 1 d  t o  1 1 e h  

s a m p l e  i n  I s e t  o f  t w e l v e a t  t h e  s t a r t o f  1 1 111 p l 1  p r 1 0 1 r 1 r 1 0 � .  

T h e  c o d e  c o n s i s t ,  o f  I l e t t e r , A t h r o u g h  l ,  d a t e  o f  

e x t r a c t i o n ,  a n d  t w o  i n l t i a l 1  o f  t h e  1 1 ■ p l 1  p r e p a r a t i o n 

1 a 111 p l 1 t h r o u g h o u t  t h e  1 n 1 l y 1 i 1  p e r i o d .  

1 1 m p l 1  d e s c r i p t i o n ,  w e i g h t  o f  1 a 111 p l 1 ,  a n d  a ■ o u n t  o f  a n a l y t i c a l  

s t a n d a r d s  a d d e d  t o  e a c h  1 1 m p l 1  a r e  r e c o r d e d  i n  t h t  s a m p l t 

p r e p a r a t i o n l o t b o o k  a t  t h e  1 t a r t  o f  e x t r a c t i o n .  T h t  l a o 

1 0  1 1  w r i t t e n o n  l a b e l i n g t 1 p 1  w h i c h i 1  t r 1 n 1 f 1 r r 1 d f r o m  

b 1 1 k 1 r  t o  f l 1 1 k  d u r l n t 1 1■ p l •  p r e p a r a t i o n .  T h. •  l a b 1 0  i s  

w r i t t e n i n t o  t h e  M S  l o t b o o k  a l o n t  � i t h t h e  111 1 1 1  s p e c t r a  

1 n 1 l y 1 i 1  n u11 b 1 r .  

3 .  Qi1.t. Syt t p• S 1 mp l p  T r i c k i n g : E • � - 0  h 1 1  d e v e l o p e d  t h t  N a t i o n a l  

O l o a i �  S t u d y ( N O S )  P h 1 1 t  l l ,  l l o a c c u■u l a t i v e P o l l u t a n t s  i n  F i s � : 

S a ■ p l t  T r 1 c k l n 1 O a t 1 b a 1 1  t o  f a c i  L l t 1 t 1  r e c o r d  k e e p i n g a n d  

a u •■ a r y  r e p o r t  a 1 n e r 1 t l o n f o r  e a c h  1 1 ■ p l 1  o n  t h e  O E C - � A X  1 1 / 7 8 5  

, o r  e a c h  1 a •p l 1 ,  i n c l u d i n g Q A  

1 1 ■p l 1 1 ,  i n f o r ■ a t i o n p e r t i n e n t  t o  e a c h  1 1 ■p l 1  i i  e n t e r e d  i n t o  t n 1  

1 S  



d e  c e ll • • • · Q u 1 n c i f i c: 1 c i o n d 1 c 1  ( f i n a l  c: o n c: e n c r 1 c i o n ,  i o n r i c , 0 1 ,  

p e r c: e n c  r 1 c: o v e r y , N L 0 1 ,  i ncl 1 i 11 n 1 I  t o  n o l 1 e )  a r e  1 u t o 11 1 c i c: 1 i l y  

, 1 g u r t 1 i 1  1 n  t A I II P l t  o f  t h e  � O S  d 1 t 1 b 1 1 1 .  

T h t  f i r s t  t • o ( e t t e r 1  o f  t h e  S C C  n u ■ b e r  i n d i c: 1 t e  • h e t h t r  

n, e 1 1 ■ p l e  i 1  a n  E n v i r o n 11 e n t 1 l , • • t h o d o r  • 1 c r i 111 l l 1 n k , 

O u p l  i c 1 t 1  S l ■ P l l o r  I 11 1 1 1  I P I C: t l' l l  c: o n f i r 11 1 t i o n 1 n 1 l y 1 i 1  o f  

1 n  e n v i r o n ■ e n t a l  1 1 ■ p l e .  A l l 1 n v i r o r, ■ e n t 1 l  1 1 ■ p l e 1  b e g i n  

• i t h  t h e  l t t t t r 0 ,  o r  S i f  i t  i s !•! • • • • s p e c t r a l  c: o n f i r 111 1 t 1 o n 

1 n 1 l y 1 i 1  o f  I p r e v i o u s l y  1 n 1 l y & e d e n v l r o n ■1 n t 1 l  1 1 11 p l e .  

T h t  l l 1 n k  a n d  O u p l i c: e t l  · • • P I i i b 1 9 i n  • i t h  t h e  l e t t e r  Q 

f o l l o 11 1 d  b y ! • O o r  a n !• f o r d u p l i c: 1 t 1  o r  r 1 f 1 r 1 n c: 1  f i s h 

· • • p i e ,  r e 1 p 1 c t i v 1 l y .  T a b l e  9 I i 1 t 1  t h e  p o 1 1 i b l 1  c o cl e 1  

f o r  t h e  s e c  n u ■ t1 1 r ,  a n d 11 1 t r i 111  t y p 1 . E p i 1 od e  n u ■ b e r s  f o r  

l l 1 n k 1  a n d , o r t i f i e d M i t r i •  • • •P l • •  1 r 1  1 n t 1 r 1 d • •  0 0 0 0 .  

t Z / 1 9 Q A / O C 1 6  



B i o 1 c : :., m u , 1 t Xi .,, , P o l Xl u t a n t s  i n  J i s h :  

E P I  S O :l E  I :  o o a a  

E II L · O  l o e : 2 5 

s e c  • :  
S 1 m p L i " g l n t o r m 1 t • o � :  

S 1 m p l X1 n 9 O f h e 1 ;  

S t l t l  L C i t y :  

S 1 m p l  i n g C o n t a c t :  

O l t t  S 1 m p L t d :  0 /  0 /  0 

S i t t L O C: l t i o n : 

L 1 t i Xt u d 1 : a 0 ' 0 "  L o n 9 i t u d t : IJ a a ,  a .. 
A n 1 l y s i 1  L a t:1 :  ::, a ;  a ,  o 
� I t r i •  T y p e : II 

A n a l y t i c a l : P : 0 0 / P C::, F  P t s t i e i d tX , l n d u 1 t r , 1 l  C h 1 111 i e 1 1 1 

E a: t r a e t 1 o n O a t 1 : 7 / 1 4 / 8 6  0 /  0 /  0 
C: C / IU ! 0 :  I U T 8 6 8 Z 4  

L A l  I O :  ( 0 7 1 4 8 6 L H 
IJ t I 9 h t  : 2 a . o a 0 . 0 0 

l L i p i d :  5 . 2  0 .  0 

0 . 0 0 
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4 7  
4 7  
4 7  

3 . 2 3 
4 9  

3 9  
3 9  

, . u  3 9  

H I S 0 0 1  t :  0 0 0 0  s e c  • :  i:u o 7 1 1. a ,  E l l. · 0  1. o c : 2 5  

O A T A  F O i l [ O S I C 11 [ 1 [ C A II T  P O I. T C N L O I I N A T I D  D I I I N Z O D I O X I II S  A II O  , u l A N S :  

A n 1 l y t .  C A S  11 0 .  [ / I  S / 11  X I I C  O L  A • o � n t ( g l / l l  

2 , l . 67 , S · 6T C O '  5 1 2 0 7 · 3 1 · 9  0 .  7 4  5 5 • 7 5  6 2  0 . 0 0 0 0  5 .  2 6  
2 , ] . 6 , 67 • T C O '  1 . 0 0  a . 2 1 6 2  0 . 9 7 2 6  N 0  
3 , 4 , 6 , 67 • l C O '  1 , 7 1 1 6 .  5 6  6 2  0 . 4 8 6 3  N 0  

2 , 63 , 67 , S • T C O D  1 7 4 6 · 0 1 · 6 0 .  7 1  4 0 . 7 5  7 3  0 . 0 0 0 0  1 5 . U  

1 , 2 , 3 , 67 , l • P t C D ' 5 7 1 61 7 · 4 1 • 6  , . n I 6 .  7 2  5 4  1 . 0 1 9 2  
2 , J , 4 , 67 , a - , , c o , 5 1 1 61 7 · 3 1 6· 6  1 .  1 0 1 1 • 1 5 5 4  1 . 6 3 5 7  
2 , 3 , 4 , 6 ,  7 • P t C D ' 7 0 6 4 1 · 2 9 • 9  0 .  0 0  1 . 3 6 5 4  2 .  1 7 1 4  

1 , 2 , J , 7 , a - , , c o o  4 0 3 2 1 6• 7 6 • 4 0 .  2 5 4 .  2 4  5 7  4 , 0 7 2 9  11 0  

1 , 2 , 3 , 4 , 6 , 7 • N 1 C D ' • 
l , 2 , 3 , 4 , 7 , l • N 1 C D '  7 0 6 4 1 • 2 6 · 9  0 . 0 0 5 7 .  0 3 0 .  7 1 2 7  N O  
1 , 2 , 3 , 6 , 7 , l • N I C D '  5 7 1 1 7 · 4 4 • 9  0 . 6 7 2 1 . 5 2  16. 4 6 5 4  N O  
2 , 3 , 4 , 6 ,  7 , l · N 1 C D , 6 0 1 5 1 · 3 4 · 5 I .  2 5  H . 0 3 0 .  7 3 2 7  N O  
1 , 2 , l , 7 , l , 9 · M I C 0 ,  7 2 9 1 1 · 2 1 · 9  0 . 0 0 5 7 . 0 3 4 7  0 .  7 3 2  7 11 0  

1 , 2 , l , 4 ,  7 , l • M I C 0 0  3 2 5 9 1 · 1 1 · 3  o . o o 2 9 . o a  4 9  1 . 3 1 6 J  11 0  
1 , 2 , 3 , 6 , 7 , l • N 1 C D D  5 7 7 5 3 • 1 5 · 7  1 • l 1 4 , 6 7  4 9  0 . 0 0 0 0  
1 , Z , 3 , 7 , l , 9 • N 1 C O O  1 9 4 0 1 • 7 4 • ]  0 . 0 0 2 9 . 0 1 16. 3 1 6 3  11 0  

1 , Z , 3 , 4 , 6 , 7 , l • M p C D ,  11 7 5 6 2 · 3 9 • 4  0 . 6 2 1 1 .  9 7 0 . 0 0 0 0  11 0  
T , 2 , 3 , 4 , 7 , l , 9 • N p C 0 , 5 5 6 7 3 · 8 9 • 1 0 . 0 0 3 7 .  9 4  0 . 0 0 0 0  N O  

1 ,  Z ,  3 ,  4 ,  6 , 7 ,  I ·  N p C O O  3 7 1 7 1 · 0 0 · 4  1 0 . 5 0  0 . 0 0 0 0  5 . 9 3 

• C o t l � c , ,  • i t � 1 , 2 , 3 , 4 , 6 , 7 • N • C O ,  o n  1 0 1 5 . 

1 1 • • I o n 1 1 c l o : S / 1  • s t 1 n 1 l t o  11 0 1 1 1 :  0 1.  • D e t ec t i o n 1. i • l c 
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s e c  n u ■ b e r f i r s t  l e t t e r  o p t i o n • : 
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ll e g i o n 6 
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f o r  E n v i r o n � e n t t l  s a � p l e s 

G . II e 1  i o n T 
M . ll e g i o n a' II 1 1  i o n 9 
J . II 1 1 ; o n  1 0 
r . l 1 1  r 1 9 i o n t l d 1 t 1 

f o r  Q A  1 1 ■ p l 1 1 : 

I · " • t h o d o r  • • t r i x  b l 1 n ll:  
O • L a b r o t o r y  d u p l i c a t e  
II • l e f e r , n c e  f f 1 1' o r  f o r t i f f t d • 1 t r i x  

,u t r i x  T y p e : 

P ,  • P r e d a t o r  , 1 1 1 1 t  
W I  • W � o l t  l o t t o ■ 
W P  • w � o l ■  P r 1 d 1 t o r  . ,• • ll 1 f 1 r e n c 1  
., • l l a n ll:  
L • L t b o r ■ t o r y  O up l tf c 1 t 1  
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1_• I.LL CD C OIIS91 ' 1R�  

r 1 c o ■ ■ 1 n d 1 t i o n 1 . 

b .  Co \ w�n  P t r f o r � 1 n ; e : c c  e o l u ■ n  p 1 r f o r ■ 1 n c 1  w i l l  b t  

1 v 1 l u 1 t 1 d b y : 

I .  1 1 1 o l u t i o n o f  1 , 2 , 3 , 4 · T C 0 0 f r o ■  2 , 3 , 7 , S · T C 0 0  

( T 1 b l 1  1 0 ) .  

i i .  T ft t  1 2 v 1 l u 1 o f  t h t  r 1 1 r 1 1 1 l o n  o f  t h e  1 1 ■ p l 1  

r 1 l 1 t i v 1 r e t e n t i o n t i • • o f  t l l b l o 1 i 9 n l f l c 1 n t  P C 0 0 / P C 0 F ,  

t o  t h l  l i b r 1 r y  r 1 l 1 t i v 1 r 1 t 1 n t i o n ■ h o u l d  n o t  b l  l 1 1 1  

I I I .  E l u t i o n o f  a l l  P C 0 0 / P C 0 F  d u r l n 9 1 n 1 l y 1 i •  f r o ■  1 C C  w i n d o w  

d t f i n i n t s o l u t i o n o f  1 1 l t c t  P C 0 0 / P C O F ( T 1 b l 1  , , ) .  

l t t o l u t l o n o f  1 , 2 , 3 , 4 • T C 0 0  f r o ■  2 , 3 , 7 , l • T C O O  w i l l  
b t  u 1 1 d  t o  1 v 1 l u 1 t 1  1 1 n 1 r 1 l  c o l u a n  p 1 r f o r a 1 n c 1 . 
l t t o l u t l o n ( I )  •u 1 t  b t  0 . 7 5 o r  1 r 1 1 t t r . 

R • 2d 

1 2 / lt Q A / Q C  , c1 t 1 , c o ,  2 0  



_! _ _  _! _ _! _! _! _!_!_ _ T a b l 1 ! 1 1 :  :: c _ E l .i t i • ,.,! 11 1 n d o w ! , , 1 ; ,., ; ,., i! S o l u t i o n s ! f o r !J l · � - C o \ ,. 11 .,  

.T C O D , 3 , 6 , 8 l , 2 , 5 ,  9 
T C O , , , 3 , 6 .  e , , Z , 5 ,  9 
P t C O O  ! , 2 ,  I. ,  7 , 9 I 1 , 2 ,  I. , 6 ,  l!I l , 2 ,  3 ,  5 ,  9 
II t C O  F � , 3 , .:. , II , 5 1 , 2 ,  7 ,  5 ,  9 
• • C :l 0 , ' 2 ' 4 • 6 ' 7 , 9  I , . z , 1. .  6 .  e ,  9 1 , 2 , 3 , 4 , 6 , 7  
� • C J  F 1 , 2 . 3 , 4 , 6 , 8 1 , 2 , 3 , 4 , ! , 9  
� 0 C D D  3 , !4 , 6 , !7 , 9  1 , 2 , 3 , 4 , 6 , 7 , 8  
� o c o ,  1 , 2 , 3 , 4 , 6 , !7 , !  1!, Z , 3 , 4 , 7 , ! , 9  

r � ,  p e r f o r m a n c e  o f  t h e  m a s s  

s 0 1 c t r o m t t t r  i s  e v a l u a t e d f o r  r e s o l u t i o n ,  s t n s i t i v i t y a n d  

l i n e a r i t y .  T h t  m a s s  r e s o l u t i o n u s e d f o r  t h e s e  a n a l y s e s i s  s e t  a t  

a m ; n i m u m  o f  5 0 0 0  ( 1 0 \  v a l l e y d t f i n 1 t i o n ) .  T h e  m a s s  s 0 1 c t r o m 1 t e r  

i s  t u n t d  e a c n  d a y  t o  t n t  � , Q u i r e d r e s o l u t i o n a c c o r d i n g t o  t � t  

p r o c a d u r e s  e s t a b l !i � � • d b y  t n t  i n s t r u m e n t m a n u f a c t u r e r . S t n s , c · , , � i 

a n d  l i n t a r i t y i s  t v a l u a t t d b y  t h t  u s e  o f  c a l i b r a t i o n s t a n d a r d s  

v 1 r y i n g i n  e o n c 1 n t r 1 t i o n ( T a b l e  4 ) .  A e 1 t i b r 1 t i o n e u r v t i s  

t t t a b l  i s n t d f o r  e a c h  s t a n d a r d . T h t  e u r v 1  mu t t  b e  l i n e a r  o v e r  t � t  

r a n g e  o f  c o n c e n t r a t i o n s  u s t d  i n  t h t  c a l i b r a t i o n s t a n d a r d s . r � ,  

p t r c a n t  r t l a t i v t s t a n d a r d  d e v i a t i o n s  f o r  t h t  m e a n  r e s p o n s a  f 1 c t : r s  

• u 1 t  b e  t e a t  t h a n 2 0  o e r e a n t . 

c . Eytlu

1 . Accu r 1cx : 

■ t i o n tl 2.J.U.: 

A c c u r a c y ,  t h e  d t g r t e  t o  w h i c h t h e  a n a l y t i c a l  

■ e a 1 u r e ■ e n t r e f l e c t s  t n t  t r u e  l t v t l p r 1 1 e n t , w i l l  ti t  1 v 1 1 u a t t d , n 

t w o  w a y s  f o r  t l C h  s a ■ p l t  S t t  . T h t s e  a r t :  

■ e a 1 u r e a e n t  o f  I P C O O / P C O F i s o ■ e r  a d d e d  t o  I b l a n k  ■ 1 t r i • ,  o r  

d i f f e r e n c e  o f  m e 1 1 u r 1 � e n t  o f  a P C O O / P C O F  f r o ■ t h e  l e v e l  i n  a n  

e 1 t 1 b l l 1 h e d r e f e r e n c e • • t e r l a l ;  a n d  t h e  e f f i c i e n c y  f o r  r e c o v e r y  

1 2 / 1 9  Q A / Q C  , c o o 1 , co F  Z 1 



• • •  

o f  t n e  i n t e r n a l  s t 1 n d 1 r d  l d d e d f o r  1 1 c n  c o n g e n e r  g r o u o .  · , ,  Q A  

r e q u i r 1 111 e n t s  l o r  1 c e u r 1 c y  1 n d  111 e t n o d e f f i c i e n c y  i r e o r o v , o e o  I -,  

T a b l e  1 2 . P e r c e n t  A c c u r a c y  a n d  P e r c e n t  lll e t n o d E f f i c , e n c y  

i r e  d e f!i n e d  1 s  f o l  l o � s !: 

i 1 o a 

• � o u n t n 1 t i 'l t i s o 111 1 r  
l d d t d  t o  b l 1 n 1  111 1 t r i x  

111 e 1 1 u r 1 d 'l l l u t 
'I; lll e t n o d e H i c i e n c y  X 1 0 0 

1 111 o u n t  i n t e r n a l 1 t 1 n d 1 r d  
a d d e d  t o  , , e n  1 1 • p l 1  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _T 1 b l e ! 1 2 : _ _  0 u 1 L i t i _ A s s u r 1 n c e _ P 1 r 1 111 e t e r 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

lll t t t'l o d A c c u r a c y  P r e c i s i o n S / 111  
I o n lt 1 t i o  E f f i c i e n c y  I t  1 0  p g / g I t  1 0  p g / g  M i n i m u m  

T C O O  0 . 7 6 :  1 5 1 > 4 0 1 ,  < 1 2 0 1  3 . J 

P C O O  0 . 6 1 :  1 5 1 > 4 0 1 ,  < 1 2 0 '.l  3 . 0  

M x C O O  > 4 0 1 ,  < 1 2 0 1  ! 1 0 0 1  ! 1 0 0 1  3 . 0 

H o C O O  1 . 0 2 :  1 5 1  > 4 0 1 ,  < 1 2 0 1  ! 1 0 0 1  : 1 0 0 1  L O  

o c o o  • 4 0 1 ,  < 1 2 0 1  ! 2 0 0 1  : 1 0 0 1  3 . 0  

T C  0 F 0 . 7 6 :  1 5 1 • 4 0 1 ,  < 1 2 0 1  3 . 0  

> 4 0 1 ,  • 1 2 0 1  3 . 0  

H X C O F  > 4 0 1 ,  • 1 2 0 1 : 1 0 0 1  : 1 0 0 1  L O  

14 p C O P 1 . 0 2 :  1 5 1 > 4 0 1 ,  < 1 2 0 1  

O C O  F > 4 0 1 ,  < 1 2 0 1  : 2 0 0 1  3 .  0 

• V e r i 1 n c e o f  111 e e 1 u r e d v a l u e f r o■  1 c t u 1 l .  
• •  v 1 r i 1 n c e o f  d i f f e r e n c e  o f  d u p l i c 1 t e 1 f r o ■  ■ e 1 n .  

1 2 / 159 Q A / Q C  P C D O / P C O P  2 2  
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t h e  d i f f e r e n c e  o f  d u p l i c a t e  v 1 l u t t  t o  t h t i r � • • n  v 1 l u t . 

T 1 b l t  1 2  p r o v i d t t  Q A r e q u i r e ■ e n t s  f o r p r e c i s i o n .  P r t c i s 1 o n 1 1  

P r e c i s i o n i s  d 1 f i n e d  • •  f o l l o w s : 

d i f f e r e n c e  b e t w e e n d u p l i c a t e  • • •P i t s 
P r e c i s i o n • X 1 0 0 

■ e 1 n  v a l u e f o r  t h e  d u p l i c a t e s  

3 . S l 9 n 1 1  Qua t  i t y :  T h e  q u a l i t y o f  t h e  ■ a 1 1  1 p e c t r a l  1 i 9 n 1 1 1  u s t d  

f o r  q u a l i t a t i v e a n d  q u a n t i t a t i v e a n a l y s i s  i 1  1 v 1 l u a t t d 

u 1 i n 9 t v o  p a r a ■e t e r 1 : t h t  i o n i n t e n s i t y r a t i o  f o r  t h e  t v o  i o n s  

■ o n i t o r ed i n  e a c h  c o n g e n e r  g r o u p ,  a n d  t h e  1 i g n 1 l t o  n o i s e ( S / � l 

r a t i o .  T a b l e  1 Z  p r o v i d e •  Q A  r e q u i r e■ e n t 1  f o r 1 i 1 n a l  q u a l i t y .  

I n  a d d i t i o n ,  q ua l i t a t i v e i d e n t t f t c a t i o n w i l l  b e  b a 1 1 d  o n  

c o e l u t l o n v i t h t h e  s t a b l e  i 1 o t o p e  l a b e l 1 d  c o • p o u n d , o r  r e l a t i v e 

r e t e n t i o n t i • •  c o r r e l a t i o n ( T a b l e t 5 a n d  6 ) .  

p e r c e n t  o f  t h e  1 1 ■p l 1  1 1 t r 1 c t 1  a n a l y z e d  a r e  1 1 l 1 c e t 1 d f o r  

G t / N S  c o n f l r ■ a t l o n a n a l y s i s  o n  t h e  ■ o r e  p o l a r S P Z 3 3 0  c o l u■n , 

( S u pe l c o ,  l e l a f o n t e ,  P A ) .  S a ■p l e s vh l c � v e r e  p o s i t i v e f o r  

Z , 3 , 7 , l • T C O D  v e r e  s e l e c t ed f o r  a n a l y a l 1 .  

, z , a, Q A / Q C  P C D D / P CO P Z J  



_________  !!l�l!!  _______ _________ ________ __ 2!t! i1!�1-!i1!2�-- - --------- --
• •  p e r f o r 111 1 " c •  o u t s i d e  Q A  A d j u s t  • s  p 1 r 1 • e c e r 1  f o r  r e s o l u t i o " ,  

r e r u n  i " i t i l l  c u r " • 1 n C1  r e 1 " 1 l y z e 
l l ■p l e ( I I .  

� C c o l u • "  p e r f o r • ■ " c •  
o u t s i d e Q A . 

• e t h o d e f f i c i 1 n c y  o u t s i d e 
o f  Q A .  

A c c u r 1 c y  o u t s i d e o f  Q A f o r  
1 p i 1 e CI 111 1 t r i l ,  

P r e c i ts i o " o f  d u p l ti c 1 t e s 
o u t s i d e Q A .  

O e t e c t i o " o f  • " • l y t e  i "  
b l a " k  t o r  2 , 3 , 1 , l · T C D C , 
2 , 3 , 7 , l · T C O f  ' " Cl  
1 , t2 , 3 , 7 , l · P C O O  

, o r  o t h e r  • " • l y t e s  i "  
b l l " k  

A n 1 l y t e  e a c e e d l  c 1 l i b r 1 t i o n 
1 t 1 n C1 1 r d  r a n g e .  

• • t h o CI e f f l c i • " c y  f o r  b l a n k  
O U t l i d e o f  Q A  o r  b l l " k  l o l t  

• e • " • I Y I I  1 t e nC1 1 r d 1  I n d  1 1 ■ p l 1 1 0 "  
■ o d i f l e CI o r  1 l t 1 r " 1 t 1  c o l u a n . 

I f  Z 3 71 • T C 0 0  • e t h o CI t f f l c i e " C Y  c 4 0 \ ,  
r e 1 " 1 l y & e  1 1 ■ p l 1  1 1 t .  I f  • e t h o CI 
e f f i c i e n c y  c 4 0 1 f o r  • " 1 l y t 1 1  o t h e r  
t h i n  Z 3 7 8 • T C O D , f l 1 1 a n d  r e p o r t  d 1 t 1 .  

I f • o r .  t h  I n  2 0 I O f  t h .  I n  I l y t . .  1.r I 
o u t s i d e o f  Q A  f o r 1 c c u r 1 c y  1 n e1  p r e •  
c i 1 i o n ,  r e e n 1 l y 1 1  t h e  1 1 ■p l e  1 e t . 

• • • a t r 1 c t  i n d  r e 1 n 1 l y 1 e  1 1 1  1 1 ■ p l e 1 
f o r  w h i c h t h e  l e v e l  o f  c o n t 1 ■ i n 1 t i o " , 
o r  • � D , i 1  c Z . 5  x b l i n k  l e .,, , l t. 

• • c o r d b l a n k  c o n c 1 n t r 1 t l o " i n  c o • • • " t  
f i e l CI  o f  1 1 ■ p l e 1 .  

N e 1 1 u r e  ■e t h o d e f f i c i e n c y . D i l u t e  
1 1ap l e  1 0 0 : 1 r e 1 p l k 1  w i t ll e a c h  
1 t 1 n d 1 r d  1 o l u t t o n ( A  1 n C1  I ) ,  1 d j u 1 1 
" o l u• •  1 n� r e e n 1 l y 1 1 .  

• • • • t r ■ c t  i nd r e 1 n 1 l y 1 e  1 l l  p o 1 i t i .,, e 1  
i n  l l t .  

l e c 1 u 1 e  o f  t h e  c o ■ p l e 1 i t y o f  t h • • •  1 n 1 l y 1 1 1  t y p e s , f t  1 1  n o t 1 1 p e c t e d t " 1 t  

I l l  1 n 1 L y t e 1 w i l l  · • • t a l l  Q A  c r l t e r i 1 .  T h e r e f o r e , 1 c o ■p l e t e  r e .,, i e w  o f  

t h e  d l t l  b y  I c h e ■ i l t  1 1  1 1 1 e n t t 1 l .  l e 1 p o n 1 i b l l l t y f o r  t h e  e v 1 l u 1 t i o n o f 

d 1 t 1  i s  t h l t  o f  t h e  1 1 ■ p l e  p r e p 1 r 1 t i o n c h e■ i 1 t  a n d t h e  ■1 1 1  1 p 1 c t r o ■ 1 t e r  

o p e r a t o r . • • v i e w o f  t h e  d 1 t 1 ,  i n c l u d l n 1 Q A , i nd r 1 1 o l u t f o n o f  d 1 t 1  qu a l i t y 

• • s o l u t i o n o f  d 1 t 1  q u 1 1 t i o n 1  • • Y  r e Qu t r 1  r 1 1 n 1 l y 1 t 1  o f  1 1 ■p l 1 1 t o  i n c l u de  

t h e 1 C1Cl t t t o n o f  c o n f i r ■ e t o r y I o n•  o r  1 n 1 l y 1 t 1  on Cl f f t 1 r 1 n t  t y p e s  o f  

G C  c o l u ■ n 1 . 
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Q 1,1 1 rn i f i c 1 t i o r, o f  a r, 1 l y t l l  i s  I C C O l!I Cl l !i t l'l l d b y  • • •  , , ,, , ,, , i 1 o ■ e r  

i d 1 r, t i f i c 1 t i o r, ,  i r, t 1 1 r 1 t i r, 9 t l'l 1  a r e a  o f  � a 1 1 1 p e c i f i c  G C  p e 1 1 1 , a n d  

c 1 \ c u l 1 t i n ; a r,  a r, a \ y t a  c o r, c 1 r, t r a t i o r, b a s e d 1.1 p o n  a n  i o n r 1 l 1 t 1 v 1 

r 1 s p o r, 1 1  f a c t � r  0 1 t � 1 1 r,  t h t  a r, a \ y t t  a n d  1 t 1 n d 1 r d .  

A • I r, ;  t i t l � � C a l i b r • t i o r, tl 1.h.!. !!.!.!!.1.: A n  i r, i t i 1 l  c 1 l i b r 1 t 1 o r, 

o f  t l'I I  i r, s t r u m 1 r, t  � i l l  b 1  p e r f o r m e d  1 1  r, e e d e d . 

� 1 1 i r, ; t l'l r 1 e  r 1 p l  i c 1 t 1  i n j e c t i o n s  o f  e a c h  c 1 l i b r 1 c i o n 1 t 1 n d 1 r d  

� • i t l'l t t d l 1 a 1 t · 1 Q u 1 r 1 1  l i n e a r  r 1 1 r 1 1 1 i o n i s  u 1 1 d t o  

; 1 n 1 r 1 t 1  1 c a l  i b r 1 t i o r, c u r v e f o r  1 1 c h  1 n 1 l y t 1 .  

i s  i r, v 1 r s 1 L y  p r o p o r t i o n 1 l  t o  t l'l e  v 1 r i 1 n c t  1 ■ o n 1  C h i  r t p l i c 1 t t  

i r, j 1 c t i o n 1  o f  1 1 c l'I  c a l i b r a t i o n s t a n d a r d . T h e  1 t o p 1  o f  t h e  r 1 1 r 1 1 1 i o n 

l i n t i t  t h t  r 1 s o o n 1 1  f a c t o r  u 1 t d  t o  Q u a n t i f y t h e  1 n 1 l y c 1 . A C  l t l l t  

t - o c a l i b r a t i o n s t 1 r, d 1 r d 1  1 r 1 i n j e c t e d d a i l y t o  i n s u r e  t h a t  a n y  

r 1 1 p o n 1 1  f a c t o r s  u 1 1 d f o r  Q u 1 n t i f i c 1 t i o n 1 r, d  r e c o v e r y  c 1 l c u l 1 t i o r, 1  

d o  r, o t  d 1 v i 1 t 1  f r o m t l'l t  i r, i t i 1 I c a l i b r a t i o n b y  • o r e  t l'l 1 n 2 0  p e r c , ,, t . 

I f  t h e d 1 i  l y  c a l i b r a t i o n 1 1 n 1 r 1 t 1 1 v 1 l u 1 1  o u t s i d e t h i 1  ■ 1 r 9 i n , a n d  

1 1 1 1  d r 1 1 t i c  c o r r e c t i v e a c t i o n d o 1 1  n o� 1 o l v 1 t h e  p r o b l t ■ ,  1 r, 1 w  t i t  

o f  i n i t i a l c a l i b r a t i o n c u r v 1 1  i s  1 1 n 1 r 1 t 1 d a n d  t h e  o l d  r 1 1 p o n s 1 

f a c t o r l i b r 1 r i 1 1 d i 1 c 1 r d 1 d . A n  • • • • P l •  o f  • t y p i c a l  c a l i b r a t i o n 

c u r v e , u 1 i n 1  2 , 3 , 7 , S • T C O O  1 1  1 n  1 a 1 ■ p l 1 ,  i 1  s h o - n  i n  , 1 , u r 1  2 .  
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F i gure 2 

2 , 3,7, 8 - TCDD 

WEIGHTED CAL I BRATION CURVE 

3 

a�---------....---------� 

2 3 4 

CONCENTRATION/coNCENTRATION 
SLOPE • RESPONSE FACTOR 
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I .  s i a n a  l Q ,,ff l  i ty 

t h e  c o n c e n t r 1 t i o n p r e d i c t e d f r o '"  t h e  

b a s e l i n e n o i s e  1 r e a  t o  l i b e l e d s t 1 n d 1 r d  1 r 1 1 ,  p l u s  t h r , , t i m e s  

n, e s t a n d a r d  e r r o r  o f  t h l  e 1 t i 111 a t 1  d e r 1 v 1 d  f r o 111  t t, e i ei i t , i l  

c a l i b r a t i o n c u r v t  f o r  t h e  1 n 1 l y t e  o f  i n t e r 1 1 t .  

f r o 111  t h e  r 1 t i o  o f  u, , r, 0 1 s e  a r e a  t o  t h e  i s o t o p i c a l 1 y  l i b l l l d  

i n t e r n a l s t 1 n d a r d  1 r e a ,  p l u s t h r e e  t i 111 e 1  t h e  s t a n d 1 r d  e r r o r o f  t � e  

e s t i ma t e  ( S E )  f o r t h t  1 r 1 a  r a t i o , o r  Y · 1 a 1 s , o f  t h e  i n i t i 1 l  

c a l i b r a t i o n c u r v e . T h 1  Y ·  i n t e r c a p t  C I N T )  i s  s u b t r a c t e d f r o m  t � ,  s 

p r e d i c t i o n » o f  I p o i n t o n  t h e  K , o r  c o n c e n t r a t i o n r a t i o a a i s ,  f r o 111  

e p o i n t o n  t h e  Y ,  o r  s i 9 n a l  r 1 t i o  a a i 1 .  T h e  S E  t l r lll  i s  d e r i ,, , d 

f r o •  a n  a n a l y s i s  o f  v a r i a n c 1  C A N O V A ) p e r f o r 111 1 d  d Y r i n t t h e  w t i ; h t e d 

l 1 a 1 t  s q u a r e s  f i t  o f  t h e  i n i t i a l c a l i b r a t i o n c u r v e .  T h i s  t t r lft 

r 1 p r 1 1 1 n t s t h 1  r 1 n d o 111  1 r r o r  i n  t h e  r 1 p l i c 1 t 1  i n j 1 c t i o n 1  u 1 1 d t o  

9 1 n 1 r 1 t 1  t h •  c a l i b r a t i o n c u r v e , t h t  e r r o r  n o t  a c c o u n t 1 d f o r b y  t M e  

l i n 1 1 r  m o d e l !. T h e  w 1 i ; h t i n 9 i s  n e c e s s a r y  b e c a u s e  o f  t � •  r 1 l 1 t i o n 

o f t t n o b s e r v e d  i n  i n s t r u 111 e n t a l  a n 1 l y 1 i 1 , o f  i n c r e a s i n g  v 1 r i 1 n c e  

w i t h i n c r e a a i n t c o n c e n t r a t i o n .  � L O , 1 c c o r d i n t t o  t h i s  s c h 1 111 e , 

1 1  d e f i n e d  b e l o w :  

IIF ( N / 1 3 3 4 ) a I( 
IH D • 
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" " • r • :  • n o i s e a r e ,  i n  t h e  w i n d o w  f o r  t h t  • • i o r i a n 
o f  t h e  n e t i v t 1 n 1 l y t 1 , 

l l H • l a b e l e d i n t 1 r n 1 1 s t 1 n d 1 r d p e e k  1 r 1 1  i n  t h t  
l t ■P l t ,  

I II T • t h e  T • 1 1 i 1  i n t e r c e p t  o n  t h t  i n i t i 1 l c a l i b r a t i o n 
c u r v e , 

C l l 4  • l a b e l e d i n t e r n a l  1 t 1 n d 1 r d c o n c 1 n t r 1 t i 0 n , 

I( • c o n s t a n t  t o  1 d j u 1 t  f o r  • • � P l •  s i z e a n d  f i n a l  
v o l u ■ e , 

. , ( . / 1 3 3 4 ) • r e s p o n s e  f t c t o r f o r  • 1 j a r  n a t i v e i a n t a  
1 l c , z  1 , Z , l , 4 · T C D D  I a n ,  t h e  s l o p e  o f  t h e  
i n i t i a l  c a l i b r a t i o n c u r v e , 

S I  • s t a n d a r d  e r r o r  o f  t h t  e 1 t i ■ 1 t e  o f  t h t  i n i t i a l 
c a l i b r a t i o n c u r v e . 

I n  a d d i t i o n ,  f i s h t i s s u e  i 1  s p i k e d  w i t h  1 u r r o 1 1 t 1  1 n 1 l y t e 1  

( s e e  I n t e r n e t  S t 1 n d a r d  S o l u t i o n I ,  T 1 b l e  3 )  p r i o r  t a  e x t r a c t i o n .  

T h e  1 u r r 0 1 1 t e  1 n e l y t e 1 s e r v e  1 1  a n e d ct e d  c h e c k  t o  i n s u r e  t h a t  

• L O  v a l u e s  c e l c u l a t e d f r o ■  t h e  i n i t i a l  c a l i b r a t i o n c u r v e , 

1 1  ct f s c u 1 1 e d  a b o v e ,  a r t  r 1 e 1 o n 1 b l e .  

Z .  s 1 a n 1  \ U. u.i.ll. Wll= T h e  • • t h o d o f  d t t e r � i n i n t t h t  s i g n a l  

t o  n o t • • r a t i o  i s  s h o w n  b e l o w .  

�--- Analyte signal 

JJ--- Noise Signal 

S/N • 
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l n 1 l y , 1  S i 9 n 1 t  P 1 1 i  l r t l 
S / II • 

N o i s e  s 1 , ,1 1 1 � 1 1 i  A r 1 1  

1 q y i v 1 1 1 n t  t o  t n e  1 n 1 t y t e  1 i 1 n 1 L ,  t y p i c 1 L \ y  ■ b O Y t  1 0  s e c o n d s . 

P C D D / P C 0 1 i s  d 1 , , r � i n 1 d  by C l l C Y l l t l n 1 I r 1 1 p o n 1 1  f ■ c t o r  � - , � • • n  

P C 0 0 / P C 0 1 1 n d  t � I  1 t 1 b l 1 i s o t o pe l 1 b 1 l 1 d  P C O O / P C O , f o r  t n 1  c o n 9 1 n t r  

1 r o y p , C a l c y l 1 t l o n 1  a r e  p 1 r f o r • 1 d  1 1  f o l l o w s : 

S t a n d a r d :  

H (II / L ) • 

S a •p l t :  

• 

w h e r e :  H ( II / L )  • r e s p o n s e  f a c t o r  n i t  i 11 1  t o  l 1 b 1 l 1 d ,  

' •  • p e e k  1 r 1 1  n a t i v e ,  

A. • P I i i  ■ r 1 1  l 1 b 1 l 1 d ,  
L. 

c .  • c on c e n t r a t i o n o f  n a t i v e 1 t 1 n d 1 r d ,  

C. • c o n c 1 1u r 1 t l o n o f  l l bl l ed 1 t 1 nd 1 r d ,  
L. 

S. • l 1 1t 1 l 1d s p l i i n t l ev e l ; n 1 1 ap 1 1 ,  
L. 

•" •  1 ,  • •  1 o f  n 1 t t 11 1 e ne l y t e  i n  1 1 a p l 1 .  
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T h e •• t h o d e f f i c i e n c y  f o r  t h e  r e c o v e r y  Q f 1 t ■ b l t 

i s o t o p e  l 1 D 1 l t d c o • p o u n d 1  i 1  d 1 t 1 r • i n 1 d  b y  c 1 l c u l 1 t l n 1 t h e  , � o u n t Q f  

t h t  • • o u n t s p i k e d i n t o  t h e  • • • P i t  e t  t h e  s t a r t  o f  t h t  c l e a n u p  

i:, r o c t d u r t .  T h i s  i 1  d o n e  b y  d t t 1 r ■ i n i n 1 t h e  r 1 l 1 t i v 1 r 1 1 p o n 1 1  f a c t o r  

1 3o , t w 1 1 n  t h e  1 n t 1 r n 1 1  S t a n d a r d  S o l u t i o n C ,  c , 2 1 , 2 , l , 4 · T C D D  

a n d  t h l  s t a b l e  i s o t o p e  l a b e l e d i n t e r n a l s t a n d a r d  ( S o l u t i o n A ) .  

D t t t r • i n t  1 1 1 p o n 1 1  , a c t o r : 

• 

w h e r e : • , • r 1 1 p o n 1 1  f a c t o r ,  

A L • 1 r 1 a  o f  1 t 1 b l 1 i 1 o t o p 1  l a b e l e d 
i n t e r n a l s t 1 n d a r d ,  ( s o l u t i o n A ) ,  

• a r , 1 o f  l ] C I Z  1 , 2 , 3 , 4 - T C O O , 
• t s  

C L • c o n c e n t r a t i o n o f  s t a b l e  i 1 o t o p e  l a b e l e d 
i n t e r n a L  s t a nd a r d ,  ( s o l u t i o n A ) , 

c 1 5  • c o n c 1 n t r 1 t i o n o f  1 ] C 1 2  1 , 2 , ] , 4 · T C 0 0 . 

T h e  r e 1 p o n 1 1  f a c t o r i 1  t h e n  u a e d  I n  c a l c u l 1 t i n 1 t h e  c o n c e n t r 1 t i o n 

o f  t h e  i n t t r n e L s t a n d a r d  i n  t h e  f i n a l  1 o l u t i o n ,  

• 

w h e r e :  C L • c o n c e n t r a t i o n o f  1 t a b L e  i 1 o t o p 1  L a b e l e d 
l n t 1 r n 1 L  s t a n d a r d ,  ( s o l u t i o n A ) .  
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T h i  c o n c t n t r t t i o n i n t h 1  f i n 1 l  s o l u t i o n t i 11 1 s  t h t  f ' n e l v o l u m e  

n,a, 11 1 t h o d e f f i c i e n c y  1 1  t Pl t n  

c 1 l c u l 1 t t d b y : 

C L  f o u n d  
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APPENDIX A-3 

Analytical Procedures and Quality Assurance Plan 
for the Determination of Xenoblotic Chemical 

Contaminants in Fish 



nI1eo State s 

gerc I Ju IL. tn MN 5 5804 
�-NonmertaI P ·� rec : , c n  �aooratorv l,lar: :- ' 99C 

E:-w1 r�n�en1a1 He5ear ,::- E :; o.  '500 J - 30 - ;: �  

&EPA Ana lyt i ca l  Proced u res and  
Qua l ity Ass u ran ce 
P l a n  fo r t he  
Dete rm i nat ion  of 
Xenob i ot i c Chem i ca l  
Conta m i n ants i n  F i s h  



EPA / 600 / 3- 9 0 / 0 2 3  
March 1 990  

U . S .  E N V I R O N M E N T A L P l O T E C T I O N A G E N C Y  

N A T I O N A L  O I O X I N  S T U D Y  
P H A S E  I I 

A n 1 l y t !i c a i  P r o c 1 d u r 1 1  a n d  Q u a l i t y A 1 1 u r 1 n c e  P l a n f o r  
t h e  O e t 1 r � i n 1 t i o n o f  l 1 n 0 � i o t i c  C h t m i e 1 l  C o n t a • i n a n t s  i n  F i , � . 

! n v i r o n ■ 1 n t a l  R e s e a r c h  L 1 b o r 1 t o r y • D u l u t h  
6 2 0 1  C o n g d o n  l l v d .  
O u l u t h , N M  5 5 1 0 4  



I I  

N O T  I C E 

T h e  i n f o r • a t i o n i n  t h t 1  d o c u ■ e n t h a 1  be e n  f u n d e d  v h o l l y  o r  i n  p a r t  b y  t h e  
U . S .  E n v i r o n • e n t a l  P r o t e c t i o n A g e n c y .  I t  h a 1  b e e n  r a v i e v e d t e c h n i c a l tl y  a n d  
a d • i n i t t r a t i v • l y .  � • n t i o n o f  t r a d e  n a ■• •  o f  c o ■• e r c i 1 L  p r o d u c t s  d o • •  n o t 
c o n 1 t i t u t 1  e n d o r s e m e n t o r  r e c o •• e n d a t t o n f o r  u s e .  

1 2 / 1 9 Q A / Q C X e nob l o t l c a 



l C ( M O W L E 0 C E M E N T S  

r e c ll n i c a l  c o n t r i b u t i o n s  t o  t ll i 1  r e s e 1 r c n  � • r •  � • d •  b y :  

u . s . _ e n v i r o n 111 1 n t a l _ P r o t e c t i o n! A i • n c: i_!
l r i a n C .  l 1H t e n, o r t h  
0 o u g l a l w .  ( u e tl l 

A S c l _!C o r e o r a t i o n U n i v e r t i!t i _ o f _ W i !s c: o n s i ., · S <. e t r i o r  
P h i!l l i p J .  • a r q u i l  E l  i z 1 b 1 t ll  A . L u n d m a r k  
M a r i e  L .  L a r s e n  O a n i e l  M ,  F r e m g e n  
L 1 r r y  C . H o l l a n d  S 1 n d r 1  N 1 u 111 a n n  
C h r i s t i n e E ,  S o d e r b e r g  M u r r a y  " a c: k e t t  
J e n n i !f e r A .  J o tl n s o n ( e n t  J o n n s o n  
K e v i n  L . H o g f e l d t  H a r v e y  0 .  C o r b i n ,  J r .  

A l a n E .  M o z o !  O r .  A 1 y 111 o n d  L .  H a n s o n  
J o h n  O a r 11 1 n  

w r i i tl t _ S t a t e _ u n i v e r s i!t i  
O r .  T n o m 1 1 T i e r n a n  
O r .  M i c: n 1 1 l T a y l o r 

1 2 / 8 9  Q A / Q C  X e n o b t o t f c l I l l  



F O U W O I O  

D i r e c t e d b y  C o n g r 1 s s i o n 1 l m 1 n d 1 t 1 ,  t h t  U . S .  E n v i r o n■ 1 n t 1 l  P r o t e c t i o n A 9 1 n c y  
a u r i n g 1 9 8 3  i n i t i a t e d t h e  N 1 t i o n 1 l  D i o x i n  S t u d y , • s u r v e y  o f  1 n v i r o n ■ 1 n t 1 l  
c o n t a m 1 n 1 t i o n b y  2 , 3 , 7 , 8 · t e t r 1 c h l o r o d i b e n 1 o · p · d i o a i n  ( T C 0 D l i n  t h e  U n i t e d  
S t a t e , . R e , u \ t s  o f  t h i s  s t u d y  e r t p u b l i 1 h e d i n  t h e  N 1 t i o n 1 t  D i o x i n  S t u d y : 
• i e r s  3 , 5 , 6 ,  a n d 7 , E P A  � 0 0 / 4 · 8 2 · 0 0 3 . T h i s  l a b o r a t o r y ,  t h t  E n v i r o n � t n t 1 l  
R e s e a r c �  L a b o r a t o r y  D u l u t h , w a s  r e s p o n s i b l e  f o r  o n t  p a r t  o f  t h t  S t u d y , t h t 
a n a l y s i s  o f  f i s r, s a m o t e s . T h e  m o s t s i g n i f i c a n t  f i n d i n g 1  o f t h e s e  1 n a l y s 1 1  w a s  
t i e  o b s e r v a t i o n t h a t  f i s h c o n t a m i n a t i o n w a s  m o r e  w i d 1 1 p r 1 1 d t h a n  p r e v i o u s l y  
t � o u g r, t ,  a n d  t h a t  a p r i m a r y  s o u r c e  o f  T C D D  w a 1  d i 1 c h 1 r g 1  f r o ■  p u l p  a n d  p a p e r 
p r o d u c t  1 0 n u s i n g c h l o r i n , .  

A s e c o n d  m o r e  d e t 1 i  l e d c h 1 r 1 c t e r !i z 1 t i o n o f  1 n t h r o p o 9 1 n i c  o r g a n i c  c h 1 ■ i c 1 t  
c o n t a m i n a n t s  i n  f i s h w 1 1  c o n d u c t e d i n  1 u b s 1 q u 1 n t 1 n 1 l y 1 1 1  d u r i n g w h a t  i s  n o w  
c a l l e d P h a s e  I I o f  t h e  N 1 t i o n e l  D i o x i n  S t u d y . T h i a d o c u ■ e n t  d e s c r i b e s  t h e  
a n a l y t i c a l  m e t h o d s  u s e d  f o r  t h e  d e t e r � i n a t l o n o f  t h e  l e v e l  o f  c o n t 1 ■ i n 1 t i o n o t  
p o l y c h l o r i n a t e d b i p h e n y l s ,  p e s t i c i d e s , i n d  i n d u s t r i a l  c o ■p o u n d s I n  f i s h .  A 
c o m p a n i o n d o c u m e n t  ( E P A  / 6 0 0 / 3 - 9 0 / 0 2 2 )  d e 1 c r i b e s  t h e  1 n 1 t y t l c 1 t  ■ 1 t h o d s  u s e d 
f o r  t !l e  d e t e r m i n a t i o n o f  l e v e l s  o f  c o n t ■ ■ i n a t i o n o f  f i t f t 1 e n b i o s i g n i f i c 1 n t  
p o l y c r, l o r i n a t e d d i b t n z o • p · d i o a i n s a n d  d i b 1 n 1 o f u r 1 n 1  I n  t h o 1 e  s 1 ■ e f i s h .  

1 2 / 9 9 Q A / Q C  X e n o b l o t l c 1 



T A I L E  o ,  C O N T E N T S  

[ .  I n t r o d u c t i o n • • • • • . • • • • • . • . . . . • . . • • . • . . . . . • . . • • . . . . . . • .  1 

[ I .  P r e p a r a t i o n o f  S a ■ p l e  E .l t r a c t .  . . . . . . . . . . . . . . . . . . . . . . . .  4 

A .  S a ■ p l e  ll l n d l i n t fll e t h o d o l o ; y  . . . . . . . . . . . . . . . . . . . . . .  4 

1 .  S h i p 111 e n t  o f  S a lft p l e l t o  E R L · O u l u t h  . . . . . . . . . . .  4 
2 .  S a •p l e  L o g g i n g a n d  C o d i n g P r o c e d u r e s  . . . . . . . .  4 
3 .  T i 1 1 u t  P r e p a r a t i o n a n d  S t o r a g e  P r o c e d u r e s  . . .  4 

I .  E .l t r a c t i o n o f  T i s s u e  S 1111 p l t s . . . . . . . . . . . . . . . . . . . . .  7 

1 .  S o .l ll l e t E .l t r a c t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . 7' 
2 .  F o r t i f i c a t i o n 11 i t ll S u r r o g a t e  S t a n d a r d s  . . . . . .  9 
3 .  f o r t i f i c a t i o n w i t h T a r g e t  A n a l y t 1 1  . . . . . . . . . . 9 

C .  I s o l a t i o n o f  • e n o b i o t i c  C h e m i c a l  C o n t a m i n a n t s  . . .  1 1  

1 .  G e l  P e r 111 e e t i o n C h r o m a t o g r a p h y  . . . . . . . . . . . . . .  1 1 
2 .  S i l i c a G e l  C h r o m a t o g r a p h y  . . . . . . . . . . . . . . . . . .  1 1  

3 .  F o r t i f i c a t i o n w i t h  I n t e r n a l  S t a n cu r d s  . . . . . .  1 1  

I l l .  S t a n d a r d s  a n d  ll e a g e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

I V .  A n a l y s i s  o f  E .l t r a c t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

A .  G a l  C h r o ■ 1 t o g r 1 ph l c  O p e r a t i n g P a r a 111 e t 1 r s  . . . . . • . .  1 3  
I .  fll a s s  S p e c t r o ■ e t r i c  O p e r a t i n g P a r a m e t e r s  . • . . . . . . , 1 3  

V .  Q u a l i t y A 1 1 u r a n c 1 / Q u a l i t y C o n t r o l  P r o c e d u r e s  • • . . . • . . • .  1 4  

A .  G e n e r a l  P r o c e d u r e s  o f O p e r a t i o n • . . . . . • . • • . . . • . .  , 1 4 

I .  S a ■ p l e  A n a l y s i s  S t t  . . . . . . . . . . . . . . . . . . . . . . . .  1 4 
2 .  S a ■p l e  T r a c k i n g • • . • • • • • . . • . • . • . • • . • . . • . . • • .  1 6  
3 .  D a t a  S t o r a g • · · · · · · · · · · · · · · · · · · · · · · · · · · : · · · · 1 6 
4 .  D a t a  ll t v i 1 111 • • • . . . • • • . . • . . . . • . • . . . . • . . . . . . . .  1 6  

1 2 / 1 9  Q A / Q C  X e n o b l o t i c l 



1 .  

1 . P r o c e d u r e s  f o r  A n a l y t i c a l Q u a l i t y A s s u r a n c e  . . . . .  1 6  

1 .  , a ,  C h r o ■ 1 t o 1 r a p h y • lll a 1 1  S p 1 c t r o 11 e t r y  
a .  l n 1 t r u •e n t  111 1 i n t 1 n 1 n c 1  . . . . . . . • . . . • • . . •  1 6  
b .  G a 1  C h r o 11 a t o 9 r 1 p h y  . . . . . • . • • . . • • • • • . • • •  1 6  

C o l u 11n  ll 1 1 o l u t i o n . . . . . . . . . . . . . . . . .  1 7  
2 .  ll e l 1 t i v 1 a , t e n t i o n T i m e • . . . . . • • • • •  1 7'  

c .  M 1 1 1  S p 1 c t r o m 1 t r y  . • • • • . . . . • . . • • . • • • . . •  1 7  
1 .  S e n i i t i v i t y • • . . • • . . • • . • • • • • • • • • • . •  1 7'  
2 .  S p e c t r a l  0 1.1 1 l i t y  . . . . . . . . . . . . . . . . . .  1 7  

2 .  , e l  P 1 r 11 e 1 t i o n C h r o 111 a t o 9 r 1 p h y  . . . . . . . . . . . . . . . , a  
1 .  ll P C  C o l 1.1 a n  F l o .i  R i t e  . . . . . . . . . . . . . . . . . . .  1 5  
b .  ll P C  C o l u 11 n  11 , s o l u t i o n . . . . . . . . . . . . . . . . . .  1 5  
c .  C o l l e c t i o n C y c l e  . . . . . . . . . . . . . . . . . . . . . . .  1 8  

3 .  S i  l i c e  ll e l  C h r o 11 1 t o 9 r 1 p h y  . . . . . . . . . . . . . . . . . .  l S  

c .  C r i t e r i e  f o r  Q u 1 n t i t 1 t i v 1 A n a l y s i s  • • • • • . • • • • • • • • •  1 8  

I .  !l a t  C h r 0 ■ 1 t o 9 r 1 p h i c  ll 1 l 1 t i v 1 R e t e n t i o n T l 11 e . 1 S  
2 .  l n 1 l y t 1  I d e n t i f i c a t i o n C r i t e r i a  . . . . . . . . . . . . . 1 9  
3 .  S i g n a l t o  N o i a , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  
4 .  R e l i t  i v e  R e s p o n s e  F I C  t o r . . . . . . . . . . . . . . . . . . . .  1 9  
5 .  S u r r o 9 1 t e  S t a n d a r d  l e c o  ... e r y  . . . . . . . . . . . . . . . . .  1 9  
6 .  T o t a l  A n a l y t e  l e c o v e r y  . . . . . . . . . . . . . . . . . . . . . .  1 9  

o . Q u 1 l i t y C o n t r o l  • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • •  2 0  

I .  C o n t i n u 1 l  1 1 1 1 A 1 1 1 1 1 11 e n t . . . . . . . . . . . . . . . . . .  2 1  
z .  C o n t i n u a l P r e c i s i o n A 1 1 1 1 1 11 1 n t . . . . . . . . . . . . .  2 1  
3 .  Q u a l i t y C o n t r o l  C h a r t . . . . . . . . . . . . . . . . . . . . . .  2 1  

V I . 0 1.1 a n t i f i c a t i o n o f  T a r g e t  A n a l y t e s . . . . . . . . . . . . . . . . . . . .  2 2  

A .  0 .i a n t i f i c a t i o n P r o c e d u r e s  . . . . . . . . . . . . . . . . . . . . . . . . 2 2  

a .  D e t e r ■ i n e t i on o f  M l n i ■u• � e v e l  o f  
a u a n t i  f i c a t l o n • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  2 3  

1 2 / 89 Q A / Q C  x e n o b l o t l c t v i  

https://Tl11e.1S


T I  b l  e L i s t o f  T a r g e t A n 1 l v t e s , l n t e r n 1 \  
S t 1 n d 1 r d s , 1 n d S u r r o g a t e  C o m p o u n d s  a n d 
T n t , r  Q ._ 1 ,H i t 1 t 1 o n I o n s  .!. . . . . ..! . . .  . . . . . .  z 

r a o l t  2 C o d e 1  t o r  t n e  s : c  ij u m 0 1 r a n d  
� a t r i a  T y p t  . . . . . . . . . . !. . . . . . . . . . . . . . . !. . . . . . .!. 7 

T a b l e 3 S u r r o g a t t  s : 1 n a a r d  a n d 
l n t e r n ■ L  S t a n d a r d  S o l .i t i o n s  .! . . . . . . . . .  6 

T a t:,  l e " T a r 9 1 t  A n a l y t e  F o r t i f i c a t i o n 
S o l u t i o n s  . . . . . . !. . . . . . . . !. . . . !. . !. .  . . . . . . . . .  , a 

T a b l e 5 
S p e c t r o m e t r y  O p 1 r 1 t i n 9 P a r 1 m 1 t 1 r s  . . . . . . . . . .  1 4  

T a O l l 6 : o m p o s i t i o n a n d A p p r o a 1 m 1 t 1  
C o n c 1 n t r a t i o n s  o f  C a l  1 t:, r a t 1 o n S o l u t i o n s  f o r  
F .1 L l · 'l a n g 1  O a t a  A c q u 1 s 1 t i o n  . . !. . . . . . . . . . . . . .  1 5  

r a o l e 7 · · T a r g 1 t  A n 1 l y t e s  ,. , t n l o w r e c o v 1 r i e s 
f o r  c n , s  m e t n o d  . . . . . . . . . . . . . . . . . . • . . . . . . • . .  2 0  

F i g u r e  i i o 1 c c u m u l 1 t i v e P o l l u t a n t  S t u d y  
0 1 t 1 t1 1 s e  O u t p u t . . !. . . . . . . !. . . . . !. . . . . . . !. . .  . 5  

2 / 8 9 Q A / Q C  X e n o b i o t i c s v i  



1 • J 
4 • 6  
71•11 

I .  I � q o0u p 1 ON 

r n i s  d o c u 111 e n t ,  d e v e l o p e d  f o r , h a t e  I I  o f  t h e  U . S .  r , A • a t i o n a l O l o l i n  s t � d v , 
d t 1 e r , 0 e 1  t h e  1 n 1 l y t i c a l  p r o c e d u r e •  i n d  q u 1 l l t y  1 1 1 u r 1 n c e  p l a n  f o r  t n t  
d e t e r m i n a t i o n o f  l e n o b i o t i c  c h e a l c a l  c o n t a a i n 1 n t 1  i n  f i 1 h .  r n e  1 n a l y t i e a l  
1 p p r o 1 c n  i n c l u d e • :  

1 s i m p l e  1 a ao l e  p r e p 1 r 1 t l o n • 1 t h o d o l o 9 y  t h a t  p r o d u c e s  • 1 i n g l 1  
1 1 t r 1 c t  w h i c h m i n i • l 1 1 1  a n e l y t e  1 0 1 1 1 1 , 

1 p r o c e d u r e  t h e e  i t  c o s t  e f f e c t l v 1 i n  c e r ■ 1  o #  ■ a n  p o w e r , 
e � e m 1 c 1 l  r e 1 1 e n t 1 , e n d t n 1 t r u ■ 1 n t 1 c i o n , 

1 c h a r 1 e t 1 r i 1 a t i o n a n d q u a n t i f i c a t i o n o f  • c e r t a i n  1 e t  o f  
e h e ■ i c 1 l  c o n t a • l n a n t 1 , 

r n e  s e t  o f  1 n 1 l y t 1 1  Q u a n t i f i e d w a 1  d t r t v t d  t h r o u 1 h  c o n s i d e r a t i o n s  t h a t  , n c L � a e a . 
b u t  w e r e  n o t  l i ■ i t e d  t o ,  h l 1 t o r y  ( d 1 t 1  f r o •  p r e v i o u ■  ■ o n i t o r i n t e f f o r t s > ,  
c o 1 , e o l o g y ,  p e r s i s t e n c e ,  b i o 1 v 1 i l 1 b i l i t y p o t 1 n t t 1 l ,  t o t a l  y 1 1 r l y  p r o d u c t i o n ,  1 � ::i  

f t 1 1 1 b i  l i t y o f  1 n 1 l y 1 1 1 ,  A l i 1 t  o f  t a r 1 1 t 1 n e t y t 1 1  i s  p r e 1 e n t 1 d  i n  f 1 b l t  1 .  
L. i m i t s  o f  c:i u 1 n t t t 1 t i o n f o r  t lu r 1 r 1 e t  A n 1 l y t e 1  ■ r e  1 1  f o l l o ,n : 

T 1 r 1 e t  A n 1 l y t e 1  Z .  5 p p b  
< • • c e p c  f o r  , c 1 1 >  

P o l y c h l o r l n e t e d l i p lu n y l l  
L e v e l o f  C h l o r i n a t i on :  1 . 2 5  p p b  

Z . 5 0 p p b  
J . 7 5 P D b 

9 • 1 0  6 . 2 5 P P D  

F i s h w e r e  p r o v i d e d  b y  t h e  u . 1 .  r , ,  l 1 9 t o n e t  l a b s  w o r k i n t w i t h 1 t 1 t 1  
e n v i r 0 n 111 e n t 1 l  1 1 1 1'\ C i e a .  



__ _ ___ __ _ _ _ _ _ _ _! _! _! _ _ ___  _ 

-- - - - - - - - - -- - -- -- - - - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -
:J . 7 /J l  
:J .  8 5 5 

2 7 7  

3 1 7 

r 1 o l 1 1 . L I S T o ,  T & I C E T A N A L T T E S ,  l � T E I N A L  S T & N O & I O S , A II O  

_! _! _ _  s u • • o � & T ! ! C O N P O U II O S _ A 11 D ! T � E l l! Q U A N T t r a r 1 0 11! 1 : 11 s  

Q U A  II T 

_ _ _ _ _ __ _ _ _ A N A L T T £ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ : & s _ 11 U N I E l _ _ _ _ _ _ _ _ _ _ _ : 0 11 _ _ _ _ _ � ! ! _ _  
_ _ _ _ _  B i 2 h 1 n t l · d + t - i ! n t 1 r n 1 l _ S t 1 n d 1 r d l _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 6 , _ _ _ _  , . ] ] Q _  

I o d o ta n i 1 n 1  ( S y r r o g 1 t 1 )  2 0 ,  J . .l a  9 
1 , l , 5 • T r i e n l o r 0 0 1 n z , n 1  1 H 7 0 3  : 8 0 '.) , q i  
1 , 2 , 4 · T - i c h l o r 0 0 1 n z e n 1 , 1 2 0 8 2 1 , 8 0  :i . s ,.  a . 
1 , 2 , 3 • T r 1 c h l o r 0 0 1 n z e n 1  8 7 6  1 b , 8 0 0 . 6 2 5  
� , a 1 e h l o r o b y t 1 d i 1 n 1  8 7 6 8 3  2 2 5 C .  6 2 9  
1 , 2 , 4 , 5 · T 1 t r 1 e h l o r o b 1 n z 1 n 1  9 5 9 5 '  2 1 6 : . 8 9 1 
1 , 2 , .l , 5 · T e t r 1 e h l o r o 0 1 n z 1 n 1  6 H 9 0 2  2 , � : . ! 9 � 
B i p lu n y l 9 2 5  2 '  , 5 "'  , . : " J 
1 , 2 , l , 4 · T 1 t r 1 e h 1 o r o b 1 n z 1 n 1  6 3 4 6 6 2  2 1 o , . '.l : 5 
P 1 n � 1 e l'l l o r o 0 1 n z 1 n 1  6 0 8 9 3 5  2 6 6 , . F !  

1 · l o d o n 1 p h t h 1 l 1 n 1  ( S y r r o g a t t l  1 2 7 
T r i f l 1.1 r 1 l i n  1 5 8 2 0 9 8  3 0 6  
A l p h a · B M C  3 1 9 8 4 6  2 1 9 :i .  8 9  o 
H 1 a a e l'l l o r o b 1 n z 1 n 1  1 1 8 7 4 1 2 8 4  0 . 9 1 2 
P 1 n t 1 c h l o r o 1 n i !s o l 1  1 8 2 5 2 1 4  2 8 0  o . 9 2 4 
C 1 mm 1 · 8 H C  { L i n d 1 n 1 ) 5 8 8 9 9  2 1 9 a . 9 7 9 
P 1 n t 1 e h l o r o n i !t r o b 1 n z 1 n 1  8 2 6 ! !  2 9 5  :J , 9 H 
O i p l'l 1 n y l d i !1 y l !f!i d 1 8 8 2 3 3 7  2 1 8 ' . :J ! 6 
11 1 p t 1 e Pl l o r  7 6 4 4  8 2 7 2 '. . 1 8 5 
C Pl l o q:, y r i  f o s  2 9 2 1 8 8 2  1 9 7 , . 3 a 8 
l s o p r o p a l i n  3 3 8 2 0 5 3 0  2 8 0  1 . 3 8 2  
O e t 1 e Pl l o r o s t y r 1 n 1 2 9 0 8 2 7 4 4  3 8 0 1 . .3 9 5  
H 1 p t 1 e Pl l o r E p o a i d l 1 0 2 4 5 7 3 3 5 3  1 . , 0 6 
O a y c Pl l o r d a n 1  2 7 3 0 4 1 3 1 1 8 5 1 . 4 1 0  
C Pl l o r d a n 1 ,  T r a n t ·  5 1 0 3 7 4 2  3 7 3  1 . 4 7 7 
C l'l !l o r d a n 1 � !_!C i s · _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 1 0 3 7 ' 9 ___ _ _ _ _ _ _  3 7 3  _ _ _ _ , . 5 2 4 _  

N o n a c h l o r ,  T r a n t • 3 9 7 6 5 8 0 5  4 0 9  0 .  r 7 9  
0 0 £ , I) •  I) I • 7 2 5 5 9  2 4 b  0 . 8 :J 5 

a . a :JT 
2 !! 3  a .  a 3 6  

O i t l d r i n  6 0 5 7 1  
Jll i  t r o f 1 n 1 8 3 6 7 5 5  
E n d r i n  7 2 2 0 8 a . a ,  a 

0 . 8 4 4 P 1 r t Pl 1 n 1  7 2 5 6 0  2 2 3  

11 o n 1 c ll l o r ,  C I  s 5 1 0 3 7 3 1 4 0 9  ·J . 9 7 5 
4 , 4 '  · D i  i o d o b i p l'l 1 n y l  ( S u r r o g a t e >  4 0 6  ·:l .  ! 7 6 
N 1 t ll o 11 y c h l o r 7 2  4 3 5  2 2 7  1 . 0 1 7 
O i c o f o l  ( 1( 1 l t Pl ■ n 1 ) 1 1 5 l Z 2 1 l 9 L O  1 7  
N i  r I A  2 l S 5 1 5 5  2 7 2  1 . 0 7 9 

1 2 / 1 9 Q A / Q C  X e n o b l o t i c s  2 



_ _ _ _ _ _ _ _ _ _ _ ! _ _ _ _ _  _ 

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ !_ _ _ _ _ _ _

3 9 4  

T a b l e 1 .  L I S T  o ,  T A I G E T A N A L T T E S , I N T E I N A �  S T A N O A I O S ,  A N O 

_ _  _! _ _ _ _ _ _ _ _ _ _ _ : O N _ _ _ _ _  ! • T 

__ _ _ _ _ 1 u 1 1 0 g A T E _ C O M P O U N O S _ A N O _ r � 1 1 1 _ 0 U A N T ! T l T I O N _!I O N S 

_!

? o l )l c r, l o r 1 n 1 t 1 d 8 i p r, 1 n y l 1 ,  C l  
M o n o c r, l o r o b i p h 1 n y l 1  
O i c h l 0 r o b i p r, 1 n y l 1 
T r ; c h t o r o b i p h e n y l �  
T 1 t r 1 c r, t o r o b i p h 1 n y l 1  
P 1 n t 1 c n l o r o b i p h 1 n y l 1  
M 1 • 1 c r, l o r o b i p r, 1 n y 1 1  

Q U A N T  

M 1 p t 1 c h l 0 r c b i p h 1 n y l s  

_ _ _ A N A � T T E C A S! N U M I E l 

, . 1 0 
2 7 3 2 3 1 ! 8 
2 5 5 1 2 4 2 9  
2 5 3 2 3 6 8 6  
2 6 9 1 4 3 3 0  
2 5 4 2 9 2 9 2  
2 6 6 0 1 6 4 4  
2 116 5 5 7 1 2  

1 a a 0 .  l 1 I 
2 2 2  0 .  0 2  

2 5 6  0 .  5 5 6 
2 9 2  0 .  S 7 5 
3 2 6  o .  a o  1 
3 6 0  0 .  a 1 I 

o . u ,  
O c t 1 c h l o r o b i p r, 1 n y l 1  3 1 4 7 2 8 3 0  4 3 0  1 . 0 2 2 

N o n 1 c h l o r o b i p r, 1 n y 1 1  5 3 7 4 2 0 7 1 4 6 4  1 . 2 5 0 

C 1 c 1 c h l o r o b i p r, 1 n y l 1  2 0 5 1 2 4 3  � 9 1 , . aa  

1 i / 1 9  Q A / Q C  X e n o b i o t l c l J 



, . T Ii t  E P A  • • 1 i o n 1 \ 
O f f i c 1 1  1 r 1  r 1 s g o n s 1 tl l t  f o r  t ll t  c o 1 l 1 c t 1 0 n o f  t ll e f i s ll s 1 111 p 1 1 1 .  
, r o i e n f ; , 11 w r 1 g g 1 d  i n  1 l u m i n u m  f o i  I 1 r t  s t n t  t o  t ll t  E • L · D u l u t ll  
l 1 b o r 1 t o r y . 

z .  S 1 111p l t  . o ; ; i n q � C od i n g P r o c tdu r ts j T Ii e S a ■ p l e 
C o n t r o l  C t n t t r  C S C C ) o r  E P A  ll e 9 i o n 1 l O f f i c t l  n o t i f y E • L · O u l u t PI  
w ll e n  1 1 ■0 1 1 1  ll a v • b t t n  s ll i p p t d . U g o n  a r r i v a l !, t ll t  l l ■ P l t l 1 r t  
c ll t c k t d t o  m i l t  s u r t  t ll t y  1 r •  i n  1 0 0 d  c o n d i t i o n a n d  t ll t  S ll i g m e n t  
• • c o r d s  1 r •  e o m p l t t t .  E R L · O u l u t ll  p e r s o n n e l c o ■p l t t t  t ll t  c 11 1 i n  o f  
c u s t o d y  f o r 111 1  a n d  t ll t n  n o t i f i e s S C C  t ll a t  s 1 ■ p t 1 1  1 r r i v t d 1 1 f t l y o r  
i f  t ll t r t  w t r t  1 n y  p r o b l e m s  w i t II t ll e  l l ■P l t l < • • • • P i t :  a 
'll i l l t b t l t d s 1 111 p l t d ,  n o  S P t C l t l i d t n t i f i c a t i o n ) !. 

S 1 11 p l 1 1  a r e  i n i t i 1 l l y  p l 1 c 1 d i n  a l 1 r 1 e  w 1 l k • i n  f r e e z e r . 
A l  i q u o t s ( 1 0 0 · S O O  g )  o f  g r o u n d  f i 1 11 t i s s u e  1 1 ■ p l 1 1 ( s e c . l . A . 3 .  l 
a r e  t r 1 n 1 f t r r 1 d t o  l a b o r a t o r y  f r t t i t r  A .  E x t r , c t e d 1 1 ■ p l t s a r t  
s t o r e d  i n  l a b o r a t o r y  f r t e i t r  I .  C o m P l t t l d  1 1■p l 1 1  1 r 1  t l k t n  t o  1 
l o c k e r  p l a n t  f o r  l o n g  t t r m s t o r 1 1 1 .  A l o c k e r  p l a n t  l o t i s  k e p t  
a c c o r d i n t t o  E p i s o d t  1 n d s e c  n u m b e r s . 

A c o ■ p u t t r i z e d  d 1 t 1  b 1 s 1  • • •  d 1 v 1 l o p 1 d  f o r  1 1 ■ p l 1  t r i c k i n g 1 n d  
d a t a  s t o r 1 1 1 .  T Ii t  1 p i 1 o d t  n u m b t r ,  s e c  n u ■ b e r ,  d a t t  1 a ■p 1 1  • • •  
r t c t i v t d , m a t r i x  t y p t ,  l 1 t i t u d t ,  l o n g i t u d t , d t 1 c r i p t i o n o f  
s a ■ p l i n g s i t t ,  a n d  s t a t t  f r o m  w ll i c ll t ll t  • • • P i t  c a ■ t  a r t  t n t t r t d 
i n t o  t ll t  d a t a  b 1 s a . F i g u r e i s  a s a m p l e  o u t p u t  o f  t ll t  d 1 t 1  b a s t .  

T Ii e  f i r s t  t w o  l t t t 1 r 1 o f  t ll t  s e c  n u m b t r  i n d i c a t e  w n 1 t n 1 r  t ll t  
s a ■ p l t i 1  a n  E n v 1 r o n m 1 n t 1 I , M t t ll o d o r  N a t r i a  l l a n 1 , o r  O u p l i c 1 t 1  
S a ■ p l t ,  A l l E n v i r o n 11 e n t 1 l  1 1 ■p l 1 1 b e 9 i n  w i t ll t ll e  l e t t e r  o .  T Ii e  
1 1 1 1'1 1  a n d  O u p l i c a t l  1 1 111 1) 1 1 1 b t t i n  w i t ll t h e  l 1 t t 1 r Q f o l l O w l d  b y  I 
O o r  a n  II f o r  d u p l i c 1 t 1  o r  r 1 f t r e n c 1  f i s h 1 1 ■ p l 1 ,  r 1 1 p 1 c t i v 1 l y .  
T 1 b l 1  Z l i l t l  , ,, .  p o 1 1 i b l 1  C O d l l  f o r  t ll l  s e c  n u m b 1 r ,  a n d ma t r i x 
t y p 1 . E p l 1 o d 1  n u m b 1 r 1 f o r l l 1 n k 1  a n d  F o r t i f i e d M a t r i x • • • P i t s  1 r 1 
1 n t t r t d  1 1  0 0 0 0 .  

3 . T l 11u1 p r tp1 r 1 t i o n !.!!.i. s t 0 r 1 9 1  p r 9c 1gu r tt j 1 1 1 11 t l 1 1 u t  i 1  
1 r o u n d  f r o z 1 n  a t  E R L · O u l u t ll  i n  1 1 t a i n l 1 1 1  1 t 1 1 I  m 1 1 t  g r i n d 1 r . 
l i e n  1 1 ■ p l 1  i s  p r o c 1 1 1 1 d t ll r o u 1 11  t ll t  g r i n d e r  t ll r 1 1 t i • • •  w h i c ll 
h o ■ o 1 e n i z e 1  i t  t ll o r 0 u 9 11 l y . F o r  w ll o l 1  f l 1 h 1 1 ■ p l e 1 , t ll t  e n t i r 1 f i 1 11 
t n c l u d i n 1 o r 9 a n 1  a n d  f i  I l t t l  a r t 1 r o u n d . T Ii t  g r o � n d  t i 1 1 u e  i s  
1 , o r e d  , ,  · 2 0!° c i n  1 o l v 1 n t  r i n s e d  1 1 1 1 1  j a r s  w i t h  1 l � • i n u ■  I i n 1 d  
p l 1 1 t i c  l i d s . 

1 2 / 1 9  Q A / Q C  l 1 n o b t o t l c 1 



J .  2 

• O I  P N A I I I I :  I I O A C C U M U L A f l V l  P O L L U T • • r s  I N  , 1 s w 
S 1 • p l 1  T l' I C k i n t S y 1 t 1 fl E • L · D  L o e . : 1 2 ] 4  

E P ! S O 0 [ I :  4 4 4 4  s e c t , :  0 , 0 2 2 0 3 0  

S 1 11 p l i n g ! n f o l' • 1 t i o n :  
S t • P l i n g Q f f i c 1 :  l l L · O � l u t h  
S t i t t  I C i t y :  111 •  O u l u t �  
S 1 • p l i n t C o n t 1 c t :  • t t l o n t l C O O l' d l n 1 t O I'  
0 1 t 1  S 1 • p l t d :  1 / 2 3 / 1 7  
S i t t L o c a t i o n :  • •  L e t t e r • i v t r  a L l k t  l u p 1 r i o r ,  O u l u t �  
L 1 t i t u d t :  • 4 4  2 4 '  3 4 "  L o n 1 i t i.. a 1 :  w 9 4  2 4 ' 5 1 "  
A n 1 l y 1 i 1  L a b :  0 D a t t • • c 1 i v 1 a : 5 / 1 1 / 5 7  
N 1 t r i • T y p 1 : F , ,  S t 1 1 l � 1 1 d  S p 1 c i 1 1 C o d e : A 2  
S • • P l l  C o 11 p o 1 i t 1 :  5 

A l'l l l y t i c 1 l t: P C O Q / P C O P P 1 1 t i c i d 1 & l nd u t t r i l L  C h 1 � i C l ( S  
E .t t r 1 c t i o i, O l t l : 0 1  0 /  0 1 1 / 3 / 1 7  

C C / N S  1 0 : D U 7 1 2 1 l  
L A I  I O :  1 1 1 0 l l 7 J J 
.. .  i ' "  t :  2 0 . 0 0  
X L l p i d :  

O P l  l l'l d l c a t i o i, :  M 1 1 1  l i p i d  0 1'1  Ci P C : 0 . 6 1  

x 1 n a b i o t l c  0 1 t l n i t i a n 1 :  
Q A  F l i t t :  

I • 1 a c t t d t  11 1 1 11 1 s t  c 1 l i b r 1 t l o n  1 c 1 n a 1 r d  
0 • b l l O - l l • l t o f  q u 1 n t i t 1 t t o n 

L I  • I  t i  o f  o ,u n t 1 c a t i on :  
P 1 1 t l c i d t a  . 2 .  s o  p pt, 
P C l t :  I . J c fl l o r o  11 . 2 5 PPD- · • c fl l o r o  2 . S O PPII  

7 • 1  c ll \ o r o  J .  75  PPD .9 • 1 0 c ll l o r o  6 . H  PPD  

1 2 / l f  Q A / Q C  • •  ,,.� • • c �c •  S 



2 . 3 4 

2 3 .  4 

4 5 . 2 

5 6 4  

_____  ! l l � r !-l.__ !l2 ! £ £ � ! � l ! l l � ! -!2ll � l ! � l l_l�-!l1� -�!lt�ll ! _2�lR�l  
£ ' 1 S 0 0 (  I :  4 4 4 4 s e c  I :  0 , 0 2 2 0 ] 0  £ 1 L · O  L o e . : 1 2 ] 4  - -

T 1 r 1 e t  A n e l y t e  C A S I •  Q A  , 1 a 1 C O II C II  ( n t / t )
1 , J , S · T r i c h l o r o b e n z t n t  1 0 1 • 7 0 • 3 N D  
i , 2 , 4 •tT r i  c h  I o  r o b e  n z • n 1 1 2 0 • I 2 • 1 N O  
1 , 2 , J • T r i c h l o r o b e n z e n e  5 7 · 6 1  · 6  N O  
H 1 1 a c n l o r o b u t 1 d i 1 n 1  5 7 · 6 8 ·  3 111 0  
1 , 2 , 4 , 5 - T 1 t r 1 c n l o r o 0 1 n 1 1 n e  9 5 . 9 5 . 4  .. 0 
1 , 2 , 3 , 5 - T e t r 1 c h 1 0 r 0 0 1 n 1 1 n 1  6 3 4 • 9 0 • 2  N O  
B i p l'l t n y \ 9 2 · 5 2 · 4  0 0 . 2 5 
1 ,t2 , 3 , 4 - T 1 t r a c h l o r o b 1 n z 1 n 1  6 3 4 · 6 6 • 2 N O  
P 1 n t e c l'l l o r o b e n 1 1 n 1  6 0 1 · 9 3 · 5  N O  
T r i t tL u r a l ti n 1 5 8 2 · 0 9 · 8  0 
.U p h t • I M C  
� , 1 a c n l o r o b e n z e n a  

3 1 9 · 8 4 · 6  
1 1 1  - 1 1. . 1 

11 0  

P t n t a c n l o r o a n i s o l t 1 1 2 5 · 2 1 t· 4 
1 3 . 2  

� • •• • · I M C  ( L i n d 1 n e ) 
? t n t e c n l o r o n i tt r o b e n z t n e  

5 1 · 1 9 · 9  
a z - u - a  

0 
111 0  

1 • 2 J 

O i p n e n y l d i ts u l f i ch ! 8 2 · 3 3 · 7  N D  
H e p t e c h l o r 7 6 • 4 4 • 1  N D  
C P1 l o r- p y r i f o 1  2 9 2 1 t· 1 1 · 2  N D  
l s o p r- o p t l i n  3 3 1 2 0 · 5 3 · 0  11 0  
O c t 1 c l'l l o r o s t y r 1 n e  2 9 0 8 2 • 7 4 • 4  11 0  
H t p t e c h l o r E p 0 1 i d e 1 0 2 4 - 5 7 - 3  11 0  
O a y c l'l l o r d a n e  2 6 U 0 · 4 4 • 1  11 0  
C h l o r d a n e , T r a n s · 5 1 0 3 • 7 4 • 2  1 7 .  2 
C h l o r d a n e , C i s ·  5 1 0 3 · 7 1 · 9  3 3 . ,  
N o n a c h l o r ,  T r a n s · 3 9 76 5 • 8 0 · 5  
0 0 £ ,  p , p ' · 7 2 · 5 5 · 9  £ 1 2 3 4  
O i t l d r i n  6 0 · 5 7 - 1  2 1 • Z 
N i tt r o f a n 1 8 3 6 • 7 5 • 5  11 0  
£ n d r i n  7 2 · 2 0 · 1 11 0  
P t r t h a n e  7 2 • 5 6 · 0  N D  
N o n a c h l o r ,  C i 1  3 7 3 4 · 4 9 • 4  
lil 1 t h o 11 y c n l o r 7 2 · 4 3 · 5  11 0  
O i c a f a l  ( l e l tt h a n e ) 1 1 5 · 3 2 · 2  N O  
Iii i r I .JI  2 3 1 5 · 1 5 · 5 £ 1 ,  1 
T o t a l  lil o n o c h l o r o b i ph e n y l  2 7 3 2 3 · 1 8 · 1  111 0  
T o t a l  C i c h l o r o b i p h e n y l  2 5 5 1 2 · 4 2 • 9 111 0  
T o t a l T r i c h l o r o b i p h e n y l 2 5 3 2 3 · 6 1 · 6  N O  
T a t e l  T a t r e c h l o r o b t p h e n y l  2 6 9 1 4 · 3 3 · 0  , , • 4 
T o t a l  P e n t e c h l o r o b i p h e n y l 2 5 4 2 9 · 2 9 • 2  E 6 0 . 6  
T o t a l H e 11 1 c h l o r o b i p h 1 n y l 2 6 6 0 1 · 6 4 · 4  E 2 6 5  
T o t a l H 1 p t e c h l o r o b i p l'l 1 n y l 2 8 6 5 5 · 7 1t• 2  £ 1 a 1 
T o t a l  O c t a c h l o r o b i p h t n y l 3 1 4 7 2 - a l · O  3 9 .  I 
T o t a l  N o n a c h l o r o b i p h e n y l 5 3 7 4 2 · 0 7 · 7  N O  
T o t a l  O e c a c h l o r o b i p h e n y l 2 0 5 1 · 2 4 · 3  11 0  
T o t a l P o l y c h l o r i n a t t d l i p h 1 n y l 1  

M e r c u r y  A A  1 n 1 l y 1 i 1 )  7 4 3 9 • 9 7 • 6  0 . 3 4 u t / 1 

S U I I O G A T I  I I C O V I I T : 
l o d o b 1 n 1 1 n 1  1 Z  
I o d o n t p h  t l'II l 1 n e  4 1  
4 , 4 '  · O t t o d o b l p h e n y l 9 3  

1 2 / 1 9 O A / Q C  • • n o b t o t i c 1 6 



S 01 h \ f t  E 1 t r 1c t i on : 

Q A  1 1 ■ p l e  

, 1 , u r 1  2 i a  a a c h t • • t i c  o f  t ll e  a n a l y t i c a l  p r o c e d u r e , . 

w i t ll 1 n h yd r o u 1  1 o d l u• 1 u l f t t e  ( 1 0 0 t >  
, . G r o u n d 1 ' ' ' " t i s 1 u e  ( 2 0 1 >  i s  b l e nd e d  

i n 1 • 2 5 0  • L  b e a k e r  t o  
c o ■p l e t e l y  d r y  t h e  1 1 ap l e .  T w o • t ll i r d 1  o f  t ll e  ■ i 1 t u r e  i s  
t r a n s f e r r e d  t o  a c o a r s a  f r l t t e d  1 0 1 /l l e t • • t r a c t i on t ll i 11b l e  a n d  
1 p l ll 1 d  w i t ll S u r r o 9 a t 1  S t a n d a r d  S o l u t i on A < 2 5 u L ) ,  T a b l a 3 .  A l s o ,  
a t  t ll i 1  t i •• t ll e  , o r t f f l ed N a t r l a  S a ■p l a  a n d  t ll a  , o r t i f l ed 
D u p l i c a t e  S a■ p l e ,  I f  u 1 e d ,  a r t  1 p l ll e d  w i t ll  2 5  u l  o f  T a r g e t  A n 1 l y t 1  
S o l u t i o n ( o n e  o f  1 t 1 ll t T a r t • t  A n a l y t a  , o r t i f i c a t i o n S o l u t i o n s , 
T a b l e  4 ) .  T Ii e  r e ■ a t n l n t 1 1 ■p l e  i s  a d d e d  t o  t h e  t n i ■b l e  a n d  t ll e  
1 a■ p l 1 1 1  e a t r a c t e d f o r  e t  l 1 1 1 t  1 2  ll o u r 1  w i t h h e 11 a n e / 111 t ll y l 1 n 1  
c h l o r i d e ( 1 : 1 ,  v : v ) .  T Ii e  e a t r a c t i s  t h e n  q u a n t i t a t i v e l y  
t r a n 1 f e r r 1 d  t o  a K ud 1 r n a • 0 1 n i s ll ( ( 0 )  a pp a r a t u s  f i t t ed w i t h 1 

J · b a l l  S n y de r c o l u■n  a n d  r a d u c ed i n  v o l u•• t o  1 1 1 1  t ll 1 n  5 ■ L  o n 1 • 
1 t e 1 ■  b a t h . T Ii i  1 a t r 1 c t 1  1 r 1  f u r t h e r  r e d u c ed  und e r  c a r b o n  
f i l t e r e d  a i r  t o  r a■ o v e  a l l  1 o l v e n t . T h e  K O  • ••P l •  t u b 1 1  � , , ,. 
l i p i d  a r e  • • l t ll e d .  T w o  0 . 4 0 t a l i q u o t s  a r e  p r e p e r ed f o r  G e l  
P e r ■e a t l o n C h r o• 1 t o 1 r 1 pll y  C G P C > b y  .w e i th l n t I n t o  5 • I  t u b e s . T h e  
e■p t y  • • •P l •  t ube  i s  d r i e d a n d  r ew e l t h ed t o  d e t e r ■ l n e t h e  pe r c e n t  
1 1  p i  d .  

, f r t  t L e t t e r :  0 
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Figure 2. Schematic of Analytical Procedures 
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2 .  , o rt d ; et t i o n � S y r r- o g ■ tt  St 1 n d9 r d 1 : 
E a c h  1 1 • o l 1  i s  f o r t 1 f i 1 d w i t h S u r r o g 1 t 1  S t a n d a r d  S o l u t i o n! • c , � 
u L ) p r i o r t o  1 o a h l 1 t  1 a t r 1 c t i o n . T h e 1 t 1 n d 1 r d 1  , ,,  t h i s  s o t � c  : o n 
h 1 v 1  b 1 1 n  1 1 1 1 c t 1 d t o  r 1 o r 1 1 1 n t  v 1 r 1 o u 1  t y p 1 1  o f e h 1 111 i c 1 t !s • � � ,, � 
i n  t h e  l i 1 t  o f  t a r g e t  a n 1 l y t 1 1 ,  a n d  1 r 1  u s e d t o  1 v 1 l � 1 c , t � • 
r e c o v e r y  o f  t a r g e t  a n a l y t l l i n  c t 1 a n 1 d • u o 1 n v i r o n m 1 n t 1 l  s 1 m 0 t , s .  

S u r r o g a t e  S t a n d a r d  S o l u t i o n A < Z S u L ) 

C o mpound 

l o d o b 1 n z 1 n 1  1 2 S 
1 · ! o d o n 1 p h t h a l 1 n 1  1 2 S 
t. , 4 '  · D i  i o d o b i p rr 1 n y l 1 2 5 

I n t e r n a l S t a n d a r d  S o l u t i o n ( 1 0  u L !l 

l i p h 1 n y l !• O 1 0  
5 0  

P h 1 n a n t ri r 1 n 1 • 0 1 0  7 5  

C h r y 1 1 n 1 - 0 1 2  
7 5  

3 .  , o rt H i e1 t i on � T 1 r u t A n 1 l yt tl i A t:1 1 1 n k  
m a t r i &  1 a Mp l 1  i s  f o r t i f i e d � i t h o n e  o f  1 i g h t  T 1 r g 1 t  A n 1 l y t e  
F o r t i f i c a t i o n S o l u t i o n s  ( 2 5 u L ) ,  T a b l e  4 ,  t o  1 v a l u 1 t t  t ri t  
o v 1 r 1 I I  1 c c u r 1 c y  o f  • s u b s e t  o f  t h e  t 1 r 1 1 t 1 n a l y t 1 1 .  T � o  c l a n �  
M i t r i &  1 1 ■ p l 1 1 w i l l b e  f o r t i f i e d w i t " t h e !• • • •  s o l u t i o n 
o n c e  i n  1 v 1 r y  f i v e ( 2 0 1 )  1 1 ■ p l 1  s e t s  t o  1 v 1 l u a t 1  p r 1 c 1 s i o n .  
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S o l 11 t i o n  A :  l r o c l o r 1 Z 5 4  a t  5 0 0  u e t • l ( l - 1 )  ' " d  1 0 0 0  U l / • l  
( l • Z > i l'I  t o l u e n e . 

S o l u t i o n ,  l , C  a n d  0 :  E a c h  h ■ v e  r , r , e t  A n 1 l y t e 1 I t  1 Z 5 U l / • l  
< 1 · 1 ,  C · 1 ,  0 · 1 )  a n d Z 5 0  u ; / • l  ( l · Z ,  C · 2 ,  0 · 2 1 .  

S o l � t i o nt l S o l u t i o n _ � _ _t
1 , Z , l · T r i c h l o r o b t n z ■ n e  1 , Z , 4 · T r i e h t o r o b e n z t n t 
1 , Z , 4 , 5 · T t t r 1 c h l o r o b t n z e n 1  1 , Z , l , 4 • T 1 t r 1 c n l o r o b e n 1 1 n 1  
I i  p h e n y l G 1 • • 1 · I M C  ( L i " C1 1 n 1 ) 
l l p h a · I M C  C h l o r d 1 n 1 ,  t r 1 n 1 · 
C ll l o r C1 1 n 1 , c i t  O O E , P , P '  
O i c o f o l  IH t r o f t n 
E n el r i n  H 1 p t 1 c h l o r 
O l p ll e n y l C1 i 1 u l f i d 1 l s o p r o p a l i n  
H e 1 1 c ll l o r o b e n 1 1 n e  N o n a c h l o r ,  e i 1  
M i r t l 0 1 y c ll l o r a 1 n 1  
O c t 1 c ll l o r o 1 t v r 1 n e  P 1 n t a c ll l o r o n i t r o b 1 n 1 1 n e 
P 1 n t 1 c ll l o r o 0 1 n 1 e n 1  T r i f l u r ■ l i n 
P 1 r t ll 1 n e  H e 1 1 c ll l o r o b u t 1 Cl i t n t 

1 2 l!iliHL� 
1 , l , 5 · T r i c h l o r o b 1 n 1 1 n 1  
1 , tZ , l , 5 · T 1 t r 1 c ll l o r o b 1 n 1 1 n 1  
M 1 t h o 1 y c ll l o r 
C ll l o r p y r i f o 1  
O i e l d r i n  
H e p t a c h l o r E p o 1 i d t 
N o n a c ll l o r ,  t r • " • ·  

__________ _ _ _ _ _ _ _ _ _ _ _ _ P 1 n t 1 c n l o r o 1 n i s o l 1 _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 
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C .  

1 .  � P 1 r 111 e 1 t i o n C h r o m a t o ; r 1 g h y j  A G P C s y s t t lll i s  U S t d t o  
i s o l a t e  a 1 n o o i o t 1 c  c h t 111 i c a l  c o n t 1 111 i n 1 n t s  f r o 111 b 1 o l 0 9 1 e 1 1  111 o l t c 1a , , s 
( f i s h l i p i d ) . T h t  G P C  c o l 1a m n  ( Z . 5  ll 5 0  C III )  ( A C E G l a s s  C o m o a n y ) I S  
p a c k t d  w i t h p r e v i o u s l y  s w e l l t d l i o b t a d  S ll · l .  T h t  G P C  i ri j t c t 1 o ri 
p o r t  v 1 l v t  i s  f i t t e d  w i t h a 0 . 0 7 5 m m  s t a i n l t s 1  s t e e l  s c r e e n  I i  l t e r 
t o  r e m o v e  p a r t i c 1a l 1 t e s . T h e s o l v e n t i s  o u m p e d  a t  5 m L / m i n .  r n e  
a b s o r b a n c t  o f  t h t  e f f l u e n t  i s  m o n i t o r e d  w i t h a 2 5 4  ri m  u �  d e t e c t o r  
C't' 1 r i 1 n A e r o g r 1 p h ) .  E a c h  a l i q u o t  o f  t a t r a c t  i s  d i l u t e d .. i o  2 '" L  
o f  e l u t i o n s o l v e n t . f h t  s u p e r n a t a n t  i s  q u a n t i  t a t i v t l y  t r a ri s f e r r e d  
i n t o  a s a m p l t  l o o p  o f  1 2 4  p o r t  1 u t o · s 1 m p l t r w i t h t h r e e a d d i t i o n a l 
1 m L  w a s h t s  o f  t h e  s a m p l t  v i a l . T h t  l o o p s  o f  t h t  1 u t o · s 1 m p l e r a r e  
l o a d t d  s 1 q u t n t i 1 l l y o n t o  t h t  G P C  c o l u m n  u n d t r  c o m o u t t r  c o n t r o l !. A 
G P C  p e r f o r m a n c e  s t a n d a r d  s o l u t i o n ( S t e . l � . 1 . 1  l i s  r u n  t o  
d t t t r m i n t  t h t  c o l l e c t i o n p e r i o d .  T h i s  s a 111 p l e  i s  r u n  p r i o r t o  e a c n  
s a 111 p l t  s t t . X t n o b i o t i c  c h e 111 i c 1 l  c o n t a 111 i n 1 n t 1  w h i c h e l u t t  4 
m i n u t e s  a f t t r  t h t  e l u t i o n 1 p e 1  o f  O i · 2 · t t h y l h e a y l p h t h l l l t l , O E H P , 
a n d  1 . 7  t i m e s  t h e  e l u t i o n v o l u m e  b e t w e e n  t h e  1 p 1 1  o f  O E H P  a n d  
P y r e n e  a r t  c o l l t c t t d i n  a K O . E a c h  s a m p l e  ( t w o  l o o p s > a r e  
c o l l t c t t d i n  I s i n g l t  K O . H t a a n t  ( 1 0 m l ) i s  a d d e d  t o  t h t  ( 0  a n d  
t h t  s a m p l t  i s  r e d u c e d i n  v o l u m t  ( 5  m L J o n  a s t t a m  b a t h  u s i n g a 3 · 
b a l l  S n y d t r  c o l u m n . T h t  s 1 111 p l t  i s  f u r t h e r  r t d u c t d i ri  v o l u m t  t o  
0 . 5  m L  w i t h I s t r e a m o f  d r y  f i  l t t r t d a i r  a t  4 0 !° C p r i o r t o  s i  l i c 1 
g t l c h r o m 1 t o g r 1 p n y ,  

2 .  S i I i c a it.!.. C h r 9 m 1 t o ;r a p h y :  A K o n t e l c o l u m n  P I C l t d  w i t h  
f r e s h l y  p r e p a r e d ,  p a r t i a l l y d t a c t i v 1 t e d s i l i c a  9 1 1 i s  u s e d t o  
r 1 111 o v t  n a t u r a l l y  o c c u r r i n g c h o l t s t e r o l  a n d  f a t t y  1 c i d 1 .  
T h t  c o l u m n  ( 9  111 111  x 1 9  c m  p l u s 1 5 0  m l  r t s t r v o i r )  i s  p a c k t d  ,. i t h 
g l a s s  w o o l ,  a n h y d r o u s  s o d i u m s u l f a t e ( 0 . 5  c m ) , s i l  i c 1  g t l  ( 2 . 1  9 
a b o u t  7 c m ) , a n d  a n h y d r o u s  s o d i u m 1 u l f 1 t e  ( 0 . 5  c m ) . T h t  c o l u m n  i s  
p r e • t l u t t d w i t h 5 0  m L  o f  h t 1 a n e  a n d  t h t  s a m p l e  i s  q u a n t i t a t i v e l y  
t r a n s f e r r e d  t o  t h t  c o l u m n  w i t h  t h r e t  0 . 5  m L  m t t h y l t n t  
c h l o r i d t / h e a a n t ( 1 5 X ,  v : v l  w 1 s h t 1 . T n e  c o l u m n  i s  t n t n e l u t t d .. i t h 
a n  a d d i t i o n a l 5 5 . 5  m L  o f  t h t  s a m t  s o l v e n t .  T o l u e n t  ( 1  m l ) i s  
1 d d t d  t o  t h t  c o l l t c t i o n v i a l 1 1  1 • k t t p t r • . T h e  s a m p l e  i s  r e d u c e d  
i n  v o l u m e  ( 0 . 5  m L ) w i t h a s t r 1 1 111  o f  d r y  f i l t t r t d  a i r ,  4 0 !° C ,  a n d  
q u a n t i t a t i v e l y  t r a n s f e r r t d  w i t h t o l u e n e  t o  a t a p e r e d  v i a l ( 1  m L ) .  

3 .  F o r t i f i ca t i on !!J..Lh. I n t e r n a l S t a n d a r ds . T h e  1 1 111 p l e 1 a r t  
r e d u c e d  t o  9 0  u L  a n d  f o r t i f i e d w i t h 1 0  u L  o f  I n t e r n a l S t a n d a r d  
1 o l u t i o n ( T a b l e  3 )  a n d  s t o r t d i n  I m i c r o v i a l  f o r  G C / N S  a n a l y s i s .  
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I I I .  

1 .  S o l v e n t s :  O n l y 0 1 1 t 1 c i d t g r 1 d 1  d i s t i  l l t d i n  g l 1 1 1  
1 o t v t n t 1 a r t  u s e d .  T h e y  ■ r t :  � • • t n t , m 1 t � y l 1 n 1  e � l o r 1 d 1 ,  
! o l u t n t , 1 c 1 t o n 1 ,  a n d  c y l c o p t n t a n t  < l u r d i c �  a n d  J 1 c t s o n  a n d 
F i s c h 1 r  S c i 1 n t i f i c ) .  

2 .  S o d i u m S u l f a t e : S o d i u m s u l f a t e  < l 1 k 1 r  C h t m 1 c 1 l  C o m o 1 n 1  
r e a g e n t  g r a d t  a n � y d r o u 1 ) i s  b 1 k 1 d  I t  6 5 0 !° c i n  I f u r n 1 c t  f o r 
2 4  h o u r s ,  c o o l e d ,  a n d s t o r e d  i n  1 n  - m p t y h t a a n t  s o l � t n t  � o t : : e .  

l .  G P C P a c k i n g :  l i o b 1 1 d  S X · J  ( I I O • A O  C o r o o r a t i o n >  1 r 1  
s w o l l 1 n i n t � • 1 l u t i o n s o l v 1 n t ,  e y c l o p 1 n t 1 n 1 / m 1 t h y \ 1 n 1  c � l o r j e  
{ , : 1 ' "' : "' ) • 

4 .  S i l i c a G e l : S i l i c a · G t l · 6 0 ( M 1 r e k · D a r m s t 1 d t l i s  1 c t i ,,, a t 1 d 
o v e r n i g h t  1 t  2 2 5 !° c .  I t  i s  nu n d t a c t i v a t 1 d b y  a d d i n g d i s t 1 !. l e j 
w 1 t 1 r  c 1 i w : w l  a n d  s h a k e n  I t  11 1 9 " s p e e d  f o r  f o u r  h o u r s  t o  
d i s p e r s e  t h e  w 1 t t r .  
e i g h t  h o u r s .  

I . S t a n d a r d s 

A l l 0 1 1 t i c i d t s t a n d a r d s a r t  m a d e  f r om  p u r t  s t a n d a r d  m a t e r , a l s .  

, . G P C  P e r f o r m a n c e  C h e c k  S o l u t i o n :  P r e p a r e  a 1 o l u t i o n o f  
5 m 9 / m l  O a c t h a l , 4 m 9 / m l  D ( � P ,  a n d  0 . 2  m 9 / m l  P y r t n e . 

2 .  M S P e r f o r m 1 n c 1 C h e c k  S o l u t i o n : P r e p 1 r e  1 5 n g / u l  s o l u t i o n o f  
d e c 1 f l u o r o t r i p h e n y l p h o 1 p h i n e c o , T P P )  i n  t o l u e n e . 

J .  S i l  i c 1 • G e l  P 1 r f o r m 1 n c 1 C h e c k S o l u t i o n : P r e p 1 r 1  a s o l u t i o n 
c o n t a i n i n g 2 m t / m l  O i t l d r i n  1 n d  1 0  m t / ffl l  c h o l 1 1 t e r o l  i n  a n  
1 p p r o p r i 1 t 1  s o l v e n t . 

4 .  I n t e r n a l  S t a n d 1 r d 1 : C h r y s e n t • d ! , p n e n a n t h r t n t • d ! , a n d
1 2 1 0 

b i p " e n y l • d 1 0 a r t  u s e d  1 1  i n t e r n a l s t a n d a r d s . T a b l e  1 
i n d i c 1 t 1 1  • h i e � i n t e r n a l s t a n d a r d  t h t  t e r g e t  1 n 1 l y t 1 1  a r e  
r e f e r e n c e d  t o  i n  q u 1 n t i t 1 t i o n .  T a b l e  6 i n d i c 1 t 1 1 t n t  
c o n c 1 n t r 1 t l o n o f  t n t  i n t e r n 1 l 1 t 1 n d 1 r d 1  i n  t h t  c 1 l i b r 1 t i o n 
1 o l u t i o n 1  1 n d  i n  t h t  s o l u t i o n u 1 1 d  t o  1 d d  t n t  i n t e r n a l 
1 t 1 n d 1 r d 1  t o  t h t  1 1 ■p l 1 1  j u s t  p r i o r t o  M S 1 n 1 l y 1 i 1 .  

5 . S u r r o 1 1 t e  C o ■ p o u n d 1 : l o d o b e n & e n e , l • l o d o n a p h t n e l e n e ,  a n d  
4 , 4 '!· d i i o d o b i p n e n y l a r e  u s e d 1 1  1 u r r o 1 1 t e  c o ■ p o u n d 1 , E a c n  
a r e  p r e s e n t  a t  1 2 5 u 1 / m l  ( T a b l e  J l  i n  t h e  1 1 ■ p l e  s p i k i n g 
s o l u t i o n .  T e b l 1 6 i n d i c a t e s  t n t c o n c e n t r a t i o n p r 1 1 1 n t  i n  
t h e  f i v e c 1 l i 0 r 1 t i o n 1 0 L u t i o n 1 . 
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6 .  P e 1 t i c i d 1 1  e n d  P C I  S t 1 n d 1 r d 1 : A l t o c k  1 o l u t i o n i 1  • ■ d i  
c o n t 1 i n i n 1 t h t  P l l t i c i d t l  l i 1 t 1 d i n  T 1 b l 1  1 a n d  t h t  P C I  
c o n 9 1 n 1 r 1  l i 1 t 1 d i n  T 1 b l 1  6 .  , i v 1 c 1 l i b r 1 t i o n 1 o l u t 1 0 n t  
1 r 1  • • d •  e t  t h t  c o n c 1 n t r 1 t i o n 1  l i s t e d i n  T 1 b l 1  6 .  

7 .  , o r t i f i c 1 t i o n S o l u t i o n , : T h 1  p 1 1 t i c i d 1 1  1 r 1  d i v i d e d  i n t o  
t h r 1 1  f o r t i f i c a t i o n 1 o l u t i o n 1  a t t w o d i f f e r e n t  c o n c 1 n t r 1 t 1 o n s  
( T 1 b l 1  4 ) .  A r o c l o r 1 2 5 4 i s  u 1 1 d  1 1  t h e  P C I  f o r t i  f i c 1 t i o n 
s o l u t i o n 1 t  t h e  c o n c 1 n t r 1 t i o n 1  l i s t e d  i n  T 1 b l 1  4 ,  

S 1 111 p l 1 1  1 r 1  1 n 1 t y z 1 d o n 1 1 i n n i 9 1 n • • A T  N o d t l  4 5 0 0  C C / N S  
w i t h S U P E • I N C O S  s o f t w a r e  a n d  1 u p p l 1 • 1 n t 1 l p u b l i c  d o • 1 i n  1 o f t w 1 r 1  ( 1 , 2 )  
p r o v i d e d  b y  t h t  U . S .  E P A  l 1 b o r 1 t o r i 1 1 i n  C i n c i n n a t i ,  O N . A l l T 1 r 9 1 t  
A n 1 l y t 1 1  w i  I L  b t  Q u 1 n t i f i 1 d i n d i v i d u a l l y  a n d  t h e  r 1 1 u l t 1  r e p o r t e d 1 1  u n i a u t  
v 1 l u 1 1 ,  1 1 c 1 p t  f o r  P C l t ,  w h i c h w i  L I  b t  r e p o r t e d b y  t o t a l  c o n 1 1 n 1 r  1 t  1 1 c n  
d 1 1 r 1 1  o f  c h l o r i n a t i o n .  A n  1 n 1 l y 1 i t  t i t  i n c l u d e s  1 n  1 n 1 l y s i 1  o f  I m i s s  
s p e c t r o 111 e t 1 r p 1 r f o r • 1 n c e  c h i c k  s o l u t i o n ( 1 1 c . 1 1 1 . 1 . 2 ) ,  1 n  a n a l y t i c a l  
s t a n d a r d ,  1 n  u n f o r t i f i t d 1 o l v 1 n t  ( i n 1 t r u • e n t  b l a n k ) ,  i n d t w e l v e p r 1 p 1 r 1 d 
1 1 • p l 1 1 .  T h e  G C / N I  o p 1 r 1 t o r  r 1 v i 1 w 1  t h e  N I  p 1 r f o r • 1 n c 1 s o l u t i o n ,  
a n a l y t i c a l  1 t 1 n d 1 r d ,  e n d  i n 1 t r u 111 1 n t  b l a n k  d a t a  b t f o r ,  s t a r t i n g t h e  1 n 1 l y s i s  
o f  1 1 11 p l 1 1 .  

A .  U1. C h r o m 1 t o9 r 1 p i ;  Ope r 1 t i n 9 P 1 r 1 11e t e r 1 ; A , 1 n n i 9 a n • N A T  
N a d e l 9 6 1 0  G C  i i  f i t t e d  w i t h I 6 0  111 X 0 . 3 2 111• 1 0  0 1 · 5  f u 1 1 d s i l i c a  
c a p i l l a r y  c o l u •n  ( J  & w S c i e n t i f i c >  e n d  o p e r a t e d i n  I t 1 111 p 1 r 1 t u r 1  
p r o 1 r • • • • d  11 o d 1 , T h e  c a p i l l a r y  c o l u •n  i s  i n t 1 r f 1 c 1 d d i r e c t l y  w i t h : � ,  
i o n i 1 1 r . I n j e c t i o n s  a r e  11 1 d 1  i n  1 p l i t l e 1 1  • o d e .  S p e c i f i c o p 1 r 1 t i n 9 
p 1 r 1 • e t 1 r 1  1 r e  p r o v i d e d  i n  T 1 b l 1 5 .  

I .  !1.1.1. S pe; t r 9111e t r i ;  Op9 r 1 t i n 9  P 1 r 1 11 1 t 1 r 1 : A , 1 n n i 9 1 n • N A T  
M o d e l 4 5 0 0  11 1 1 1  1 p e c t r o • 1 t e r  i s  u 1 1 d  i n  t h e  e l e c t r o n  i m p a c t m o d e . 
S p e c i f i c o p e r 1 t l n t p 1 r 1 • e t e r 1  a r e  p r o v i d e d  i n  T 1 b l 1  5 .  T h e  
p o s i t i v e i d e n t i f i c a t i o n o f  t a r g e t  a n a l y t 1 1 i t  b a t e d  u p o n  I r 1 v 1 r s t  
l i b r a r y  , , a r c h  t h r e s h o l d  v a l u e a n d  r 1 l 1 t i v e r e t e n t i o n t i m e  < • • T l .  
Q u 1 n t i f i c 1 t l o n o f  t h e  t 1 r 1 e t  1 n 1 l y t 1 1  i t  b a 1 1 d on  t h e  r 1 1 p o n 1 1 f a c t o r s  
< • ' >  r e l  a t  I �• t o  o n e  o f  t h e  t h r e e  i n t e r n e l  s t a n d a r d s  l i 1 t 1 d i n  T 1 b l 1  1 .  
T a b l e  1 i t  f o r • a t t e d 1 0  t h a t  t h e  t a r 1 1 t  a n 1 l y t 1 1  f o l l o w t h l  i n t 1 r n 1 l 
1 t 1 n d 1 r d  u s e d  f n  qu 1 n t l f i c 1 t i o n ,  • • T s  1 n d  1 , 1  1 r 1  i n i t i a l l y  
d e t e r ■ i n e d  u 1 i n t d 1 t 1  f r o • t r f p l i c 1 t e  1 n 1 l y 1 i 1 o f  1 1 c h  o f  f i v e 
t 1 r 1 e t 1 n 1 l y t 1  q u 1 n t i f i c 1 t i o n s o l u t i o n s  ( T a b l e  6 ) . 
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G C  P 1 r 11 11 1 t 1 r 1 :  
I n j e c t o r T 1 111 0 , !: 2 5 0 !° C 
I n i t  i I l T 1 111 0 . : 

5!
, o

° 
o ° C h e l d  f o r  1 lll i n ,  

F i r t t  • 1 11 0 : C / 11 i n t o  1 7 5!° C 
3!°S e c o n d  • a m p : C / 111 i n  t o  2 8 0 !° C h o l d  , o r  Z O  � t n  

" S  P 1 r a m 1 t 1 r 1 : 
C y C l l  t 1 111 1 :  1 .  :J s 1 c o n d 
A c q u i 1 i t i o n t i  111 1 :  0 . 9 5  1 1 c o n d  
S e i n  t 1 t 1 :  1 .  0 s 1 c o n d  
S e i n  • 1 n g 1 : 9 5  • 5 5 0  I III U  
E l 1 c t r o n  V o l t 1 g 1 : 7 0  1 V  
E 111 i s s 1 o n C u r r 1 n t : 0 . 3 0 111 A  
" • n i f o l d  T 1 111 p , : 9 5 !° C 
l o n i z 1 r  • 1 111 p . : 1 5 0!° C 

_ _ _ _ _ _ _ _ _ ___  r r a n s f 1 r _ L!i n 1 _ T 1 m e , : _ _ z e o 0 _ c  ____________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

v . Q ua l i ty  A s 1u r 1 ne 11 0 u1 l i!t y C o n t r o l { Q A / Q C )  

1 .  S 1 111p l f A n e l ys i s Ull A n a l y s i s  o f  · • • P l l l i s  
d o n e  1 n  s e t s  o f  t w 1 l v 1 c o n 1 i 1 t i n g o f : 

1 .  l l e n � :  A " f T H O O I L A II IC  ( b l i n k  1 1 t r a c t i o n 
a p p 1 r 1 t u s l i s  1 n 1 l y z 1 d w i t h  e a c h  s e t . 

b .  , o r t i f i fd " a t r i a :  A b l i n k  • a t r i a  
s 1 111 p l 1  i s  f o r t i f i e d w i t h o n e  o f  e i g h t  d i H e r e n t  
11 i x t u r 1 1  o f  T 1 r g 1 t  A n 1 l y t 1 1 ( T 1 b l 1 4 )  a n d  1 n 1 l y z 1 d 
w i t h  I I C l'I  S i t . 

c .  D up \ i e a t f j E i c h  1 n 1 l y 1 i s  l l t  c o n t 1 i n 1 
o n e  d u p l i c a t e  1 1 ■ p l 1 .  I n  f o u r  o f  f i v e ( ! O l >  o f  
t h e  1 1 111 p l 1  1 1 t 1  t h e  d u p l i c a t e  i s  a n  e n v i r o n · 
111 1 n t 1 l  • • • P l •  p r e v i o u ■ l y  c h o s e n f o r  
1 n 1 l y s i 1  i n  t h a t  s e t . I n  o n e  o f  f i v e < 2 0 '.l l  o f  n, e 
s a ■p l e  1 1 t 1 t h e  d u p l i c a t e  i s  I b l a n k  111 1 t r i 1  
s 1 ■p l e  t h 1 t  h 1 1  b e e n f o r t i f i e d w i t h  ' "' •  s 1 111 1  
t a r g e t  1 n 1 l y t e  s u b s e t  • •  t P, e  , o r t i f i e d • 1 t r i 1  
S 1 ■ p l e .  T h i s  1 d d i t i o n 1 l  t y p e  o f  d u p l i c a t e  i n 1 u r 1 1  
t h l t  1 u f f i c i 1 n t  d l t l  i t  1 w 1 i l 1 b l •  I t  t h e  e n d  
o f  t h e  s t u d y  t o  1 w 1 l u 1 t e  p r e c i s i o n o n  e l l  t 1 r g 1 t  
1 n 1 l y t 1 1 . 
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. 5 0 ?' 

7 . 5 0  7 . 5 0  
7 . 5 0  7 . 5 0  

T 1 b l e  6 .  C o •p o 1 i  t i o n 1 n d  A p p r o 1 i • 1 t e  C o n c 1 n t r 1 t i o n 1  o f  C a l i b r 1 , , o n  
- !i!�!ii � l - ! 2r_!�l!:! ! � i ! - � ! ! ! _ ! £ 9 �i 1i !i2�--- -- --- - - - - - - - - - - - - - - - - -- - - -

A n 1 l y t e / l n t . S t d . / 
1 � r r g 1 1 1 1 _ £ 2 � 2 2 � � g  _ _ _ _ _ _ _£ ! � _ 1  ___£ ! � _ i___£ ! � _ J _ _ _£ ! � _ :___  £ ! � - �  

C I 1 2 • 
c 1 2 2 , l · 
C l l 2 ,  4 ,  S • 
C l 4 2 , 2 ' 1, 4 , 6 • 
c 1 5 2 , 2 ' , l , 4 , 5 • ·  
C t 6 2 , 2 ' , 4 , 4 ' , 5 , 6 ' 1· 
C l 1 2 , 2 ' , l , 4 , 5 , 6 , 6 ·  

?' 

0 . 2 5 
0 .  2 5 
0 .  2 5 
0 .  5 0 
a . s o 
0 .  5 0 
0 . 7 5  

0 . 5 0  
0 .  5 0 
0 . 5 0 
1 .  0 0  
1 .  0 0  
1 .  0 0  
1 . 5 0 

1 .  2 5 
1 . 2 5 
1 . 2 5 
2 . 5 0 
2 . 5 0 
2 . 5 0 
l .  ?' 5  

2 .  5 0 
2 .  5 0 
2 .  5 0 
S .  0 0  
5 .  0 0  
5 . 0 0 

5 . 0 0  
5 .  0 0 
5 • 0 0 

1 0 . 0 0 
1 0 . 0 0 
1 o .  a 0 
I 5 . 0 0 
1 5 . 0 0 C l 1 2 , 2 ' , l , l ' , 4 , 5 , 6 ' ·  0 .  7 5 1 . 5 0 l . ?' 5g

C I 1 O 2 . 5 0 1 . 2 5 1 Z .  5 0 6 . 2 5 2 5 . 0 0 

A L I  T 1 r 9 e t  A n e l y t l l  
o t h e r t h i n P C I I  l i s t e d  
i n  T 1 b L e  1 0 .  5 C 1 . 0 0 Z . 5 0  5 . c o  1 0 .  C 0 

[ n t e r n 1 l S t 1 n d 1 r d 1  

C tl r y s e n e • d 1 2 7 . 5 0 7 . 5 0 7 .  5 0 
P t1 e n 1 n t h r 1 n e - d

1 0 
7 . 5 0 7 . 5 0 7 . 5 0 

l i p h e n y l • d 1 5 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 
1 0 

S u r r o 9 1 t e  C oap o u n d t  

l o d o b e n z e n e  0 , 5 0 1 . 0 0  2 . 5 0 5 . 0 0 1 0 . 0 0 
1 · 1 o d o n e p h t h e l e n e  0 . 5 0 1 . 0 0  2 . 5 0  5 . 0 0 1 0 . 0 0  

_ ________ :.:�:2iii�i�i2tt!�i1_2�1g ____ 1�2g ____ 1�1g  _ ___ 1�22  ____ 12�22 ______ _ 
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S 1 • p l e t a r e  1 n 1 l y z e d � • !t M , 1 c M  s e t !. 
d .  f r, v i r o " m ! " t f l  S 1 mp l ft j  11 1 n e  E n v 1 r o M n1 e M t a l  

S y S f l ftl 1 1  U S l d t o  1 1 1 u r •  t M a t r, o  s a m p l e s a r e  
l o s t  c s • •  s e c t i o n l · A ) .  

L 2..!J..!. S t o r a g e : J 1 t 1  f o l d e r s  C O M I I S t i n ; o f  a l l  
M 1 r d  c o p y  o u t p u t  i s  m 1 i n t 1 1 M e d  f o r  e a c M  s a m p l e .  
I n  a d d i t i o n ,  I l l  r 1 �  C C / M S  d a t a  , ,  s t o r e d o n  
m e ; n e t • c  t a p e . 

i. .  
d u r i r, ; s a m p l e  s e t  a c Q u i s i t i o r, O y  t M e  Ci C / M S  o p e r a t o r  
t o  1 s s u r 1  t M t t  a l l  i n s t r u m e n t a l  Q A  p a r a m e t e r s  a r e b e i r, 9 

m e t . F i n a l  r t v i e w a n d r e l e 1 1 1  o f  t M e  d 1 t 1  i s  t M e  
r e s p o n s i o i l i t y  o f  t n e  P r o j e c t  M 1 n 1 ; 1 r .  O n c e  t n e  Q u 1 l !1 t y  
a s s u r a n c e  c r i t e r i a  n a v e  O e e n  m e t , t h e  Q u a n t , f i c 1 t i o n 
i n f o r m 1 t 1 o n i s  e n t e r e d i n t o  t M e  d 1 t 1 b 1 s e .  Q u 1 l  i t y 
1 1 1 u r e d d 1 t a  i 1  t n e n t r a n s f e r r e d  t o  I I O A C C / S T O • [ T  
f o r  1 v 1 i l 1 0 i  l i C y  c o  t n e  E P A  • • 1 i 0 M 1 , l e f o r e  r e l t l l t  
t o  t M t  P u b l i c ,  a l l  t r a n s f e r r e d d 1 t 1  i 1  v e r i f i e d f o r  
c o m p l e t e n e s s  O y  t M e  d a t a o 1 s e  m 1 n 1 ; 1 r .  

I ,  t n s t r y m 1 r1 t N 1 i r, t 1 r1 1 r, c 1 ;  T h e  C C / M S  I Y t t e ftl 
i s  m a i n t 1 i r1 e d  1 c c o r d i n 9 t o  t h e  m 1 n u f 1 c t u r e r • 1  
s u g g e s t e d s c h e d u l e .  T n e  n1 1 i n t e n 1 n c 1  s c h e d u l e  
i s  i r, d i c a t e d o n  I c a l e n d a r  l o c 1 t t d  n e a r  e 1 c M  
i n s t r u • e n t ,  L o g b o o k s  w i l l  b e  k e p t  f o r :  D a i l y 
i n s t r u m e n t  s e t t i n g s ; S a n1 p l t s a n a l y z e d ; 
M a i n t t n a r, c e ;  a n d  D a t a  S t o r a g e .  I n s t r u m e n t a l  
p r o o l t • s  r e s u l t i n g i n  • o r t  t h a n t w o  d a y s  o f  d o w n  
t i • • a r t  t o  b t  r e p o r t e d t o  t h a  E P A  M a s ■  
S p e c t r o m e t r y , , c i l i t y S u p e r v i s o r  t o  d i 1 c u 1 1  
s o l u t i o n ■  t o  t h t  p r o b l • • • · 

o . !UL C M r o m 1 t o g r 1p M y ; T h t p e r f o r m a n c e  o f  t M t  
C C  i s  e v a l u l t t d b y  d t t e r • i n a t i o n o f  t h e  
n u • O e r  o f  t h e o r e t i c a l  p l a t e s o f  r 1 1 o l u t i o n ,  a n d  b y  
r e l a t i v e r e t e n t i o n o f  t h e  S u r r o g a t e  S t a n d a r d s .  
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4 4 2  

1!. C o \ w 111 n  • • s o l y t i o n :  T h e  n u � D e r o f  
t n 1 o r 1 t 1 c a l  p 1 1 t 1 1  o f  r e s o l u t i o n ,  N ,  i s  
d t t t r 111 1 1, 1 d  a t  t l'l t  t i 111 e  t h t  c a l i b r a t i o n c u r v e  
i s  9 e n 1 r 1 t 1 d u s i n g C h r y s e n e • d , o  1 n d m o n i t o r e d 
• i t n  e a c l'I  s a 111 p l t  S i t  . T n t  v a l Y I o f  N S l'l a l \ n o t 
d e c r 1 1 s 1  b y  m o r e  t l'l t n 2 0 X .  
i s  9 i  v e n ! t s f o l  l o w s : 

II T  • • e t t n t i o n T i 111 e o f  
C h r y s e n e • d 1 0  i n  s e c o n d s  

w • P t a t  w i d t h  o f  
C h r y s t n t • d 1 0  i n  s e c o n d s . 

l . q t l 1 t i v t  • tt e n t i o n !..i.!.U ll t l a t i v e 
r e t e n t i o n t i m e s  o f  t n e  i n t e r n a l s t a n d a r d s  
s l'l a l l n o t  d t v i a t t  b y  111 o r 1  t h a n • / •  3 1 f r o m  
t l'l t  v a l u e s  c 1 l c u l 1 t 1 d a t  t n t  t i m t  t n e  
c a l  i b r 1 t i o n c u r v e  w 1 1  9 a n 1 r 1 t e d .  

!.1.1.1. Sp,c p 9 u t r y ;  T h e  p e r f o r m a n c e  o f  t n a  
111 1 1 1  s p 1 c t r o m e t 1 r  w i l l  b t  1 v 1 l u 1 t e d f o r  b o t h  
s e n s i t i v i t y a n d  s p e c t r a l  � u a l i t y ,  

1 .  S t rU it i v ; t y j  T h t  s i g n a l t o  n o i s e V l l Y t 
m u s t b t  a t  l e a s t  3 . 0  o r  g r e a t e r  f o r  m / z 1 9 1 
f r o 111  1 n  i n j e c t i o n o f  1 0 . 0  n g  d t c ■ f l y o r o c r i • 
p n 1 n y l p h o 1 p n i n 1 c o , r P P ) . 

2 .  Sptc t r a l  Q � 1 l i t y j r n , i n t e n s i t y o f  
i o n s  i n  t h t  s o t c t r u � o f  O F T P P  m u s t  m e e t t h t  
c r i t e r i a  l i s t e d b e l o w :  

_ _  !L 1 ______ __ ____  £ t i !l�i1  _ __ _ 
1 2 7 3 0 • 6 0 1  ffl l l l  1 9 8 
1 9 7 C 1 1  111 1 1 1  1 9 8 
1 9 1 b a ■ e  p e 1 1C  
1 9 9 5 · 9 1 111 1 1 1  1 9 1 

_ _  ii} _______  l!� il!_!t11-iii  __ 
> 4 0 1  111 1  1 1  1 9 1 
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z .  n ,  G P C  i s  
m a i n , a i n e d  w h e n  n e e d e d ! • •  d t t t r ■ i n t d  b y  -., i s u a l  
i n s p e c t i o n ( c o l u ■ n  d i s c o l o r a t i o n ,  l e a k s , c r a c k s , 1 t c )  
■ 1 1 1 u r 1 ■ 1 n t  o f  f l o w r i t e ,  a n d  r o u t i n e ■ e a s u r 1 111 e n t  o f  
c o n t 1 • i n 1 t l o n o f  i n 1 t r u a e n t  b l 1 n k 1 . 

� !..J.Ul. r t'I .  f l  o w  r I I t  O f  Ul t • . !U..t CO I u111 n 
G P C  i 1  ■ 1 a 1 u r e d t h r e e  t i ■ 1 1  d u r i n 9 1 n  a n a l y s i s : 
, ,  b e f o r e  , � ,  G P C  r e s o l u t i o n s o l u t i o n ,  2 )  1 f t 1 r i l l 
s a ■ p l 1 1 1 r e  l o a d e d  b u t  b e f o r e  1 n 1 l y 1 i s  a n d  3 >  a f t t r 
a l l  s a ■ p l 1 1 h a v e  b e e n  1 n 1 l y 1 1 d . F l o w r 1 t 1  s h o u l d  n o t  
v a r y  b y  ■ o r e  t h a n  • / ·  0 . Z  ■ L / • i n .  

b .  � C o l w111 n  II UO l !,jt i o n ;  A 3 5 0  1,d i n j e c t i o n o f  I 
pe r f o r m a n c e  s o l u t i o n c o n t 1 i n i n 9 0 1 c t h a l  ( 5  111 9 / 111 � ) . 
O E H P  ( 4  111 9 / ■ l l ,  a n d  P y r e n •  ( 0 . 2  • t l ■ L ) mu s t  b e  r u n 
d a i l y  t o  1 v 1 l u 1 t 1  c o l u ■ n  r e s o l u t i o n ,  a n d  t o  d 1 t 1 r m 1 n e  
1 n 1 l y t 1  s t a r t  i n t a n d  1 n d i n 9  c o l l e c t i o n -., o l u m 1 . 

c .  C o \ l tt t i o n C y c l e :  P r o p e r  o p e r a t i o n o f  t h l  
G P C  w i l l  a l s o b l  1 v 1 l u 1 t 1 d b y  r 1 c o r d i n 9 t h t  t i m e 
d u r i n t ■ n  1 n a l y 1 i 1  c y c l a  t h a t  t h e  c o l l 1 c t i o n / w 1 s t 1  
-., 1 l v 1 i s  i n  u,e, c o l l e c t  p o s i t i o n .  T h i I i I 
I C C O ffl p l i 1 h 1 d III O l t  1 1 1 i l y b y  r e c o r d  i n t t h •  ... , l v 1  
p o ■ i t i o n o n  t h e  1 1 c o n d  p e n  o f  I d u a l p e n  r e c o r d e r .  
T h e  s t a r t  a n d  e n d  o f  t h e  c o l l e c t  c y c l e  111 u 1 t  n o t  
d e v i a t e  b y  m o r e  t h a n! • / ·  2 ■ L . 

3 .  S i \ i c t  !i.tl C h r o 111 1 t o q r 1ph y ;  T h e  s i l i c a t • l  
c o l u m n  w i l l  b •  e -., a l u a t e d b y  i t s a b i l i t y t o  r e s o l v e 
c h o l e s t e r o l  f r o m  a s e l e c t  m o d e l t a r g e t  1 n a l y t e ,  
D i e l d r i n .  A s o l u t i o n ( 1 . 0  • L ) c o n t a i n i n t D i e l d r i n  
( 2 . 5  111 9 / m L ) a n d  c h o l e s t e r o l  ( 1 0  111 9 / ■ L l i s  s p i k e d o n t o  a 
s i  l i c e t • l c o l u • n  a n d  e l u t e d w i t h ■ e t h y l e n e  
c h l o r i d t / h e 1 1 n e  ( 1 5 l ,  v : v ,  6 0  ■ l ) ,  T h e  e l u a n t , 
a n a l y z e d  b y  f l • •• i o n i z a t i o n d e t e c t o r / 9 1 1  c h r o m 1 t o 9 r 1 p n y  
( F I D / G C )  ■ u l t  n o t  c o n t a i n ■ o r e  t h a n  1 0 1 o f  
t h e  c h o l e s t e r o l  w h i l e a t  l e 1 1 t  9 0 1  o f  t h e  O i e l d r i n  m u s t  
b e  r e c o v • r t cl .  

C .  C r i tt r i 1  ii!. Q yant lt ,s i v t A n J l ys i s ;  A l l  o f  t h e  
f o l l o w i n t q u a l i t y 1 1 1 u r 1 n c 1  c r 1 t 1 r i 1  m u s t b l  m e t  b e f o r e  • 
q u 1 n t t t 1 t i v e v a l u e m a y  b l  r e p o r t e d f o r 1 n  1 n a l y t 1 .  

1 ,  iU. C h r oma t og r aph i c  l t \ 1 t i v 1 • • s sn t i o n � 
l e l a t i v e r e t e n t i o n t i m e s  o f  t h • t a r t • t  a n a l y t e s s h a l l 
n o t  d e v i a t e  b y  • o r e  t h a n! • / • 3 l f r o ■  t h •  v a l u e s  
e 1 t a b l i s h 1 d d u r i n t t h e  9 1 n e r a t i o n o f  t h e  c a l i b r a t i o n 
c u r v e  < • • •  T a b l e  1 f o r  I I T  d 1 t 1 ) .  
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V l l u e o f  8 0 0  o r  ; r e 1 t 1 r ,  

4t. R t a t i v • l • sp o n s t F ac t o rl ; 

n o t  d e v i a t e  o y  m o r t  t h i n 2 0 1  f r o m  t h e  v a l u e m u s t 

t h 1  p r e v o u s  d a yi . 

2 .  A nt \ yt t ) de n t i f i ; p t i o n C r i t 1 r i 1 ; • e v e r t e  1 e 1 r c h  
i d e n t i f i c 1 t i o n o f  1 n  1 n 1 l y t 1  ( S E A • > • u t t h 1 v e  1 n  f t T  

l .  S i 9 n 1 l u. N o i se ;  T h e q u 1 n t i f i c 1 t i o n i o n � u l t n 1 v 1  
• 1 i ; n 1 l  t o  n o i s e v 1 l u e o f  I t  l 1 1 1 t  l . O .  

f a c t o r  
T h t  r 1 l 1 t i v t r 1 s p o n s t 

f o r  1 1 c h  1 n a l y t e  q u 1 n t i  f i c a t i o n i o n r t l a t i v , t o  

t h e  a p p r o p r i 1 t 1  i � t e r n a t  s t a n d a r d  q u a n t i f i c a t i o n i o n 

d e t t r m i n e d  o n  t h t  p r e v i o u s  d 1 y  ( w i t h i n  1 2 4  h o u r  p e r i o d )  

■ n d  w i t h i n  5 0 1  o f  t h e  m e a n  v a l u e f r o • t h e  c a l i b r 1 t i o n 

c u r v t . T h e  t 1 r ; 1 t  a n 1 l y t e 1  E n d r i n ,  O i c o f o l ,  a n d  0 1 c a ·  
n o t  d e v i 1 t 1  b y  m o r e  t h a n 5 0 1  f r o mc h t o r o D i p n e n y l m u s t  

A c o n t r o l  c h a r t  i s  m 1 i n t 1 i n 1 d  o n  t h e  d a i l y  r 1 1 p o n 1 1  
f a c t o r s  t o r  1 1 c n  t a r g e t  1 n a t y t e .  

5 . S y r r 99 1 t t  S t a ng a r g  R ec o v e r y ;  T h e  p e r c e n t  r 1 c o v 1 r y  
( X R >  o f  1 1 c h  s u r r o g a t t  s t a n d a r d  w i l l  b e  d l t t r ■ i n t d  
f o r  i l l s 1 m p l 1 1 ,  1 1  t h o w n  D e l o w :  

1 • 1  ■ 1 0 0 [ C o / C l l  

w h t r t  X R t ■ s u r r o ; a t e  p e r c e n t  r t c o v e r y  
C o t ■ o b s e r v e d  c o n c t n t r a t i o n o f  

s u r r o ; 1 t e  
C a  • a c t u a l  c o n c e n t r 1 t i o n o f  

s u r r o ; a t e  a d d e d  t o  t n e  s 1 ■ p l e .  

T n e  p e r c e n t  r e c o v e r y  m u s t b e  w i t h i n  2 5  a n d 1 3 0 
p e r c e n t  f o r  i o d o n 1 p h t h 1 l 1 n e  1 n d  5 0  1 n d 1 3 0 p e r c e n t  
f o r  4 , 4 ' · d i i o d o b i p h e ny l . T h e  r e c o v e r y  o f  i o d o b e n z e n e  
q u 1 l i t 1 t i v e l y  i n d i c 1 t e a  t h e  e x t e n t  o f  e v a p o r a t i v e 
l o 1 1 e 1  t h a t  t h e  1 n a l y t e 1  l i s t e d i n  T a b l e  7 • • v  e x p e r i e n c e . 

6 .  lllJ..L A n 1 l yt 1 R 1c o v 1 r y ; T h e  o v e r a l l  1 c c u r a c y  o f  
q u a n t i f i c a t i o n o f  a l l t 1 r ; e t  a n a l y t e 1  i s  e v a l u a t e d 
b y  t h e  1 n a l y 1 i 1  o f  1 1 u b 1 e t  o f  t 1 r 1 e t  a n a l y t 1 1 
f o r t i f i e d i n t o  I m a t r i x  b l a n k . R e c o v e r y  o f  t h e  
f o r t i f i e d 1 n 1 l y t 1 1 m u t t  f i l l w i t h i n  t h e  r a n g e  o f  5 0  t o  
1 3 0 1 e x c e p t  f o r  t h o s e  l i s t e d i n  T 1 b l e  7 .  T h e  1 n 1 l y t 1 1  
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T 1 b l 1  1 .  T 1 r 1 1 t  A n 1 l y t 1 1 w i t ll  l o w r 1 c o v 1 r i 1 1 • o r  

----------l�ll-!!!�!f �---------------------------

1 , 3 , 5 · T r l c ll l o r o ll e " I • " •  
1 , Z , 4 • T r i c ll l o r o 11 1 " 1 ' " '  
1 , 2 , 3 • T r i c ll l o r o 11 e " 1 1 n 1  
1 , 2 , 4 , 5 • T 1 t r 1 c ll l o r o b 1 n 1 1 " •  
1 , 2 , 3 , 5 · T 1 t r 1 c ll l o r o b 1 n 1 1 n 1  
1 , t2 , 3 , 4 · T 1 t r 1 c ll l o r o b1 n 1 1 n 1  
, , n t 1 c ll l o r o b 1 n z 1 n 1  
� , a 1 c 11 l o r o b u t 1 d i 1 " •  

l i s t e d i n  T 1 ll l 1  1 1 ll o w r 1 c o v 1 r i 1 1 t ll 1 t f e l l i n  t ll t  r 1 n 9 1  
o f  Z O  t o  3 0 1  f o r t n i 1  M t t ll o d . A n  1 v 1 r 1 1 1  1 n 1 l y t 1  
r e c o v e r y  ( IA R ) f o r I l l  t a r , , t  ' " ' l y t l l  w i l l  b l  c 1 L c u l 1 t t d 
1 n d  m u s t b l  9 r 1 1 t 1 r  t ll 1 n  3 5 1  b u t 1 1 1 1  t ll 1 n  1 3 0 1 .  
A c o n t r o l  c ll 1 r t  f o r  t o t a l  1 n 1 l y t 1  r 1 c o v 1 r y  a n d  1 n 1 l y t 1  
r e c o v e r y  i 1  M 1 i n t 1 i n 1 d  f o r 1 1 c ll  a p l k i n t  s o l u t i o n .  
T o  d 1 t 1 r M i n 1  t o t a l  1 n 1 l y t 1  r e c o v e r y  f i r s t  c 1 l c u l 1 t 1  
t ll 1  p e r c e n t  r e c o v e r y ( l R )  f o r  1 1 c ll  f o r t l f i c 1 t i o n 1 n 1 l y t 1 
U I  i n t , 

U a  • 1 0 0 ( ( A i • l l t) / T I )  

v ll 1 r 1  l R 1 ■ 1 n 1 l y t 1  p e r c en t r e c o v e r y  
A i  • m 1 1 1 u r 1 d 1 n 1 l y t 1  c o n c 1 n t r 1 t i o n i n  

f r H t i f l c 1 t l o n 1 1 ■p l 1  1 f t 1 r  
1 n 1 l y 1 f 1 .  

I I  • n 1 t u r 1 l 1 n 1 l y t 1  c o n c 1 n t r 1 t i o n i n  
1 1 ■p l 1  b 1 f o r 1  f o r t i f l c 1 t i o n .  

T i  • k n o w n  t r u e  c o n c 1 n t r 1 t i o n o f  
1 n 1 l y t 1  f o r t i f i c a t i o n l e v e l . 

T ll t n c 1 l c u l 1 t 1  I A R  Ill y ,  

I A R  ■ < S u •• • t l o n o f  1 1 1 )  / N  

v ll 1 r 1  N ■ n u■ b e r o f  f o r t l f l c 1 t l o n 
1 n 1 l y t 1 1  I n  1 p l k l n 1 s o l u t i o n .  

0 .  9w• L j ty cont r g l ; Q u 1 l l t y c o n t r o l  c ll 1 r t 1  d l 1 p l 1 y i n 1 
q u 1 n t l t 1 t l v 1 b i 1 1 ( I I )  a n d  p r 1 c t 1 l o n c s, ,  1 r 1  ■ 1 i n t 1 i n 1 d  
f o r  1 1 c ll  1 n 1 l y t 1  u 1 t n 1 L O T U S  1 2 3 1 o f t w 1 r 1 , L o t u 1  0 1 v 1 l o p ■ 1 n t  
C o r p o r 1 t i o n .  P 1 r c 1 n t  b i 1 1  1 n d  p e r c e n t  p r 1 c i 1 i o n w i l l  be  
r e c o r d e d  end t ll e  c o n t r o l  c ll 1 r t  w i ltl b l  u pd 1 t 1 d 1 f t 1 r  1 1 c ll  
1 n 1 l y 1 i 1  a e t . C o■ p l e t •  1 t 1 t l 1 t l c 1 • •  , b l  d o n a  f o r  b i l l a n d  
p r 1 c i 1 l o n a t  t ll t  c o ■p l t t l o n o f  t ll t  p r o j e c t .  
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, . C o n f i n y 1 l l.i..u.. AI IISl lllf.n t ;  

X I  • ( 1 O 0 C C 1 · C b ) / T )  • 1 0 0 

w h t r t  C 1  • d 1 t 1 r 111 i n 1 d  c o n c e n t r a t i o n 1 f t 1 r  1 n 1 l y s i s  
C a  • c o n c 1 n t r 1 t i o n p r 1 1 1 n t  b e f o r e  1 p i 1 1 a d d e d ,  
T • k n o w n  v a l u e o f  t l'l t  s p i k e .  

P r e c i s i o n o f  � u 1 n t i f i c 1 t i o n o f  1 1 c h  t a r 1 1 t  1 n a l y t 1  
w i l l  b t  a s s e s s e d 1 1 p 1 r 1 t 1 \ y f o r  d u p l i c 1 t 1  e n v i r o nm e n t a l  
1 1 111 p l 1 1 a n d d u p l i c a t e  f o r t i f i e d • 1 t r i 1  s 1 • p l 1 1 .  

V • 1 0 0 l ( C 1 · C 2 ) / C t l  

w l'I  1 r 1  C 1 • c o n c e n t r a t i o n o f  a n 1 l y t 1  ; n 1 p i 1 1  
l l ■ P l l  , . 

C Z  • c o n c 1 n t r 1 t i o n o f  1 n 1 l y t 1  i n  s p i k e 
s 1 111 0  l t 2 .  

C t  • A c t u a l c o n c e n t r a t i o n o f  a n a l y t t  
f o r  f o r t i f i e d 111 1 t r i 1 1 1 ■ p l 1  o r  111 1 1 n  o f  
d 11 p \ i c 1 t 1  1 n v i r o n 11 1 n t 1 \  1 1 11 p l 1 1 , 

--i !-!!i !i!_2 �!1ig!_2!-S!i!!ti !-------------�2!t!i1i�!-!£!!iQ  _ _ _  _ 
O F T P P  1 1 n 1 i t i v i t y a n d / o r  r e t u n e  M S  

i o n r 1 t i o 1 c: \ e 1 n  M S  

a d j u s t  G C  p a r 1 • 1 t 1 r 1  
f ll. 1 1 1\  G C  c o l u 11 n  
r 1 p \ a c: 1  G C  c: o l 11 111n 

r t t u n t  M S  
r 1 c: 1 \ i b r 1 t 1  

• 1 c: o v 1 r y  o f  S u r r o 1 a t 1  S t a n d a r d s  .., , r i f y M S  d a t a  
r e p e a t  1 a ■ p l e  1 1 t r 1 c: t i o n 

I f  ll  f o r  I t  l 1 1 1 t  S O l  o f  
t a r g e t  1 n t l y t e 1  n o t  l f 1 t 1 d  
i n  T a b l e  1 lll l l t l  c: r f t 1 r i 1  
p r o c e e d  w i t h c: 1 l c: 11 l 1 t f o n 1 , 

------------------------------------! 1 11-!!1 !1!li1-lll.!l!Rl!l--



• p e a k  a r e a  

� I !. 

l .  

g u1 n t i f i c 1 t i 9 n tl T 1 r q1 t A n 1 l v t 11 ; 

Q u 1 n t l f i c 1 t t 9n P r 9c tdu r ,1 

• 1 1 po n 1 e  f a c t o r ,  a r t  d e t t r m i n t d  f a r  e a c h  , a r 9 1 t  a n a l y t t  a n d  1 u r r o 9 a t t  
c o • p o u n d  r t l a t i v t t o  0 n t  o f  t h t  t h r t t  i n t e r n a l s t a n d a r d ■ • T h t  
r 1 1 p o n 1 t  f a c t o r s a r t  d t t e r � i n e d  b y : 

o f  Q u t n t i t a t i o n i o n f o r a t a r g e t  a n a l y t t  
o r  • s u r r o g a t e  c o m p o u n d , 

l! ■ 0 1 1 k  1 r 1 1  o f  Q u a n t i t t t i o n i o n f o r e i t h e r  I S  
B i p h e n y l!• d 1 0 , P n e n a n t h r e n e • d i o •  o r  C h r y 1 e n e · d , z , 

■ i n j t c t t d  Q u t n t i t y o f  t h t  i n t e r n t l s t t n d a r d ,  c 1 S  

• i n j t c t t d  Q u t n t i t y o f  t h t  t 1 r 1 e t  1 n 1 l y t 1  o rC X 
s u r r 0 9 1 t e  c o m p o u n d . 

P u b l i c  d o m 1 i n  s o f t w a r e  w a 1  p r o v i d e d  b y  t h e E P A  O f f i c e o f  
� e s e t r c h  e n d  O t v e l o p m e n t ,  E n v i r o n m e n t t l  � o n i t o r i n t e n d  
S u p p o r t  L a b o r a t o r y  f o r  t h t  a u t o � t t t d  i d t n t i f i c t t i o n a n d  
q u a n t i  f i c 1 t i o n o f  t h e  t a r g e t  a n a l y t e s .  T h t  d a t a  r e d u c t i o n 
s o f t w a r e  u s t l  t h t  f o l l o w i n g f o r � u l a  t o  c a l c u l a t e  t a r g e t  
a n a l y t t  c o n c e n t r a t i o n s : 

C O N C  

• c o n c e n t r a t i o n 1 1  c a l c u l a t e d u 1 i n 1 t h e  
r e s p o n s e  f a c t o r  f r o •  t h t  d a i l y s t a n d a r d ,  

• f a c t o r  t o  c o n v e r t  t o  n u ■ b t r o f  u 1 / ■ l ,  
• Q u a n  • • p o r t  V o l u • e c 0 . 1 0 0 � l  ) ,  

V I A  • V o l u ■ t  I n t e r n a l S t a nd a r d  a d d e d  t o  ( 0 . 1 0 0 ■ l l ,  
F E S V  • F i n a l E f f t c t i v t S a ■ p l e  V o l u■ e , 
S I Z E  • • •• p l e  s i z e ( 9 ) .  

T h e  F ! S V  t e r •  a c c o u n t s  f o r  t h e  t o t a l  l i p i d  p r e 1 N1 t  i n  t h e  
s a ■ p l e a n d  t h e  e ■ o u n t  i n j e c t e d  o n  t h t  G P C . T h e  F E S V i t  
c e l c u l a t e d b y : 

1 1 1 V ■ F i n a l  V o l u m e  ( m l ) • ( T o t a l  L i p i d  C t )  / L i p i d o n  C P C  ( I l l 
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C 1 l c u l 1 t i o n 1  f o r  d e t e r ■ i n i n t 1 u r r o 1 1 t e  s p i t e s a n d  f o r t i f i e d 
e ■ o u n t 1  u a e  t h e  f o l l o .,. i n t e q u a t i o n :  

C O N C  • ( S A  • ' I S Y )  / , , s 1 v  • S I Z ! l  

w h e r e  I A  • 1 p l k e 1 ■ o u n t ,  
, s 1 v  • , t n 1 l  E f f e c t i v e S u r r o 1 1 t e  V o l u ■ e , 
' E S V ,  S I Z E • 1 a ■ e  I I  1 b o v e .  

T h 1  , s i v  t 1 r ■ i ■  e q u a l t o  t h 1  , E s v t 1 r ■ • T h 1  c o n c 1 n t r 1 t i o n 
o f  a t 1 r 1 e t  1 n 1 l y t e  i s  d e n o t e d i n  t h e  f i n a l  r e p o r t  f f  i t  
e x c e e d s  t h e  c 1 l l b r 1 t l on r 1 n t e ,  ( ' I '  f l a t ) ,  o r  i i  D e l o .,. t h e  
q u 1 n t i t 1 t i o n I i ■ i t ,  ( ' 0 '  f l a t > • 

T h e  c a l c u l e c e d  ■ e t h o d d e t 1 c t i o n l l ■ i t l  ( N O L I )  f o r t h e  1 n 1 l y t e 1 , ( d 1 t 1 r � i n 1 d  
1 c c o r d l n 1 t h l , e d e r a l R e 9 i 1 t e r 1 9 1 1 , V o l . 4 0 ,  A p p e n d i x  I ,  P a r t  1 3 6 ,  
O e f t n i t f o n e n d  P r o c e d u r e  f o r  t h e  O e t e r ■ l n 1 t i o n o f  t h e  M e t h o d  O e t e c t i G n 
L i ■ i t ,  l e v .  1 . 1 1 ) , , r e  u n r e 1 l i 1 t l c 1 l l y  L o i, I n  c o ■ p 1 r f 1 o n t o  n1 1 1 n 1 l y s 1 s  o f  
t h e  a e n o b l o t i c  c 1 l l b r 1 t i o n s o l u t i o n ■  o v e r  I t 11 0  ■ o n t l't  p e r i o d .  l 1 1 e d o n  t h 1  

1 n 1 l y 1 l 1  o f  t h e  c 1 l i b r 1 t i o n 1 o l u t l o n 1  a ■ i n l ■u ■  l e v e l o f  Q u 1 n t i f i c 1 t i o n w a s  
d e t e r ■ l n e d  f o r e a c h  a n 1 l y t e , 1 1  g i v e n  i n  t h e  I n t r o d u c t i o n ,  w h i c h a c c u r a t e l y  
r e f l e c t s  t h e  i n 1 t r u ■ e n t 1 l  d e t e c t i o n l i ■ f t 1 . 

IJ . I .  � nlftlllG ClfftCS :LHO/? ... ltflOOUO 
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APPENDIX B 

ADDITIONAL DATA ANALYSES 



APPENDIX B-1 

Nomographs for Estimating Cancer Risks 
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APPENDIX B-3 

Site Description Matrix 



Key to Table B-3 
Matrix of Episodes and Site Descriptions 

COLUMN HEADING DESCRIPTION 

1 .  EPA REGION 

2. EPISODE 

3. LATITUDE 

4. LONGITUDE 

5. STATE 

6. WATERBODY 

7. LOCATION 

8. NSQ 

9. B 

The U.S. Environmental Protection Agency Region which includes the 
sample location. 

The EPA Episode Number which is specific to each sampling location. 

The latitude of the sample site in degrees, minutes and seconds. 

The longitude of the sample site in degrees, minutes and seconds. 

The state where the sample was collected. 

Name of the water body where the sample was collected. 

The nearest town. road or county to the sample location. 

Sample site from the USGS NASQAN monitoring network. 

Background site as selected for study. 

POINT SOURCES: Point sources include the following six categories: 

10. PPC 

1 1. PPNC 

12. REFINERY 

13. NPLeSITE 

14. OTHER INDUSTRY 

15. POlW 

16. WP 

Site near paper and pulp mill using chlorine for bleaching (includes mills 
using the sulfite process). 

Site near paper and pulp mill not using chlorine for bleaching. 

Site near refinery using the catalytic reforming process. 

Site near an EPA National Priority List Site (Supcrfund site). 

Site near industrial facility other than a paper mill, refinery, or wood 
preserver. 

Site near discharge of a Publicly Owned Treatment Works (POlW). 

Site near active or former wood preserving activity. 

NONPOINT: Nonpoint sources include the following two categories: 

17. URBAN Site near urban runoff. 

18. AGRICULTURE Site near agricultural area. 
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TABLEnB-3 
Matrix of Episodes and Site Descriptions 

N>I� SOVRCl!S NONPOllff - ----- - - · - - ·  - -- - --
EPA·-� 

ii 
NPI. Otbor- - ___.....,.•IMM_. ·-- w ... .-. !ilale .......... PPC PPNC WP Ria, SIie ,... POTW Urk■ •-" ,,__.....""...... ., .... �--• NSO 

I 2376 41:22:00N 072:52:40W CT Quinipiac Riw:r North Haw:a X X X lnduatry: chemical & pcSlicides; elcctroaia.; plastics; metals; Supcnuad 
sire (sol¥cnts) 

I 2375 41:J6:47N 071:S8:26W CT Quinncbaug Riw:r Jewell Cily X X X Ind.: organic chem. & pcsl., textiles; Supcrfund site (Fur1ADS) 
I 2369 42:37:25N 071:23: IOW MA Merrimack Riw:r Tynp Island X X X Ind.: t:bc:m. &. pcsl., indusirial WWfP; P&P mill on NW1w, R. (trib.); 

Supcrfund site (solvents) 
I 3151 42:35:22N on:21:08W MA Millers Riw:r Erving X ErviI Paper Mills; wooded area; Ag.: croplands and graziI fieldsng ng 

XI 3150 42:35:46N on:oJ:27W MA Otter Riw:r Baklwiavillc Erving P11pcr Mills; wooded area; Ag.: croplands and grazing fields 
I 2356 44:06:lON 070:13:SSW 

X 
X X XME Androscoggin R., Lewiston X lntenu1tional Paper, Boise Cascade, James River; Ind.: IClllilcs 

: XME Androscoggin R. Turner Falls I m1 44:15:20N 070:10:50W lnleraalional Paper Co. in Jay : 
ME Androscoggin R. Riley Dam I 2725 44:30:09N 070:15:00W Boise CMSCllde in Rumford; rural;woodt:d area 

I 3026 44:I0:20N 070:20:25W 
r X 

X X XME Androscoggin R. Auburn X Ind.: lextilcs; downstream of paper mills 
I 3028 45:04:48N 067: 19:25W 

I 
X 

l 235S 44:36:'.lON 067'.55:JOW 
ME Bearce Lake Barring 

ME Narraguagm R. Cherryftekl X X Two blucbcr1y procc�ng plants; blueberry lidds (pesticides) 
I 3022 44:32:'.lON 070:07:15W XME North Pond CbcSlervillc No industry; wooded and •wampy area 
I 2355 44:49:20N 068:42:JOW M E  Penobscol R. Eddington X X X James River Corporalion on Old Town 
I 2722 43:34:35N 070:33:45W ME S11co Riw:r Union Falls X X Same as 3027; POTW oa upstream lrib. ycl is Backgound si1e 

3021 43:34:25N 070:33:55W X XM E  S11coIRiw:r Union Falls Same as 2722; POTW oa upstrc.am lrib. yel is Backgound sile 
3023 44:54:30N 069:55:0SW XME Sandy Pond North Anson 
3024 44:54:00N 069:15:15W ME Scbastioook E. Br. Newport X X Industrial WWl'P 
3025 44:49:40N 069:24:00W ME ScbaSlicook W. Br. WcFJ. Palmyra X X Industrial WWl'P 
3152 44:24:42N 011 :  I l:29W 

X 
NH Androscoggin R. Berlin X JaDICli River Corporatioo 

3426 40:35:45N 074: 12:20W NJ Arthur Kill Cartercl X GAF Corp. (chem. mam1fac1uring) 
3429 39:34:JON 075:31:00W NJ Delaware Riw:r Salem X XX X X Supcrfunq sile (i;cveral •ites; metals & org, chemicab) 
3430 39:111:00N 074:37:30W XNJ Grc.al Egg Harbor X Background cw:n !hough has agricul111ral area 11nd POTW nearby 
2651 39:36:00N 074:35:00W 

X 
NJ Mullica Riw:r Green Bank X Wooded area 

3427 40:39:15N 014:®:16W NJ Newark Bay Eliubcth XX X LaadfiU 
2653 40:54:JON 074:12:00W NJ Passaic River Paterson X X X X X Mucal Papct 1.nd P&P mill on uib.; IN!.: mclals, chem. &. pell.; 

Supcrfund �ile (solw:nls) 
II 3428 40:43:lSN 074:07:15W NJ Pa"8icIRiw:r Newark XX 80 LiSler Aw:.: chem. maaufacluring 
II 3433 4-0:28:24N 074:03.40W NJ Rarilaa Bay P&P mill eflucnl inlo bay; Exxon Co,; Ind.: chem.; Supcrfuad site (scw:r;ial 

sites; metal$ & org. chem.) 
II 3434 40:27:00N 074:03:00W 

X X X X 

NJ Sandy Hook XX X X Exxon Co. 
I I  2654 39:57:'.lON 074'.12:JOW NJ Totm Ri�r Ind.: chemical; Supcrfund sik (rhlorohcnzcnc; Hg) 
I I  3304 0:59:JON 076:04:JOW 

X X X X 
NY Black Riw:r Delta Dexter X X X Fiw: JNIPCr mills (PPNC); Air Brake Co ; hydro-power; dairy ficidl 

II 3296 42:51:45N 078:52:00W 
X 

NY Buffalo Harbor Buffalo XX Ind.: chemic.I, .iccl, pc,lrochemical; IAndfilh; 
II 3298 42:52:00N 078:52:JOW NY Buffalo River Buffalo XX AJlicd Chemical (muufacturer of HCB); laadfi1b 
II 3301 43:20:20N 078:43:00W NY Ei&)ilcca Mile Creek Olcott X X lad.: Harr� Radialor; chem. (HCB); Ag.: orcurda and cropludl 
II 2326 42:13:00N 078:01:00W NY Gencsscc Riw:r Belmont X X S11me a1 3309. Sampled below Bclmon1 Dam. Supcrfuad sile is 

awrUllim.alcly 10 miles upstream (he11vy mcl;ds, hydrocuboM) 
II 3309 ! 42:13:JON 078:02:00W NY GcncssccIRr;er Bclmool X X Same as 2.126 i 
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TABLE B-3 (CIIIIL) 

POIHT IOUIIL.V ·- NONPOINT ·-IIPA......" NPL Ollwr - lillo0&.<,.U-,.__ ·-OY& - w� ...... • - ....� l'Pt: rrNC WP low ftJ'!W II- ...., trac_ la .... ,k...._ el tlw MfflPIIM ..,_I 

II 3306 44:57:JON NY Oru&4Riw:r Muaeu X Sampled below ALCOA'S outfall ( PCB concern); G M & Reynold$ (2 

NY Great South Bay Babylon X X X 
milu below mouth of river) 
Same llS 3320 II 3319 40:40:00N 

II  3320 40:40:45N 073: 19:00W 
II  2700 41:16:JON 073:57:00W 

II 3259 43:08:00N 073:36:JOW 
II 3409 41:20:00N 073:57:JOW 

II  3321 40:38:40N 073:S0:40W 
II 3322 40:37:4SN 073:47:00W 
II 3260 43:51:JON 073:22.-00W 
II 2328 43:20:2SN 078:43:14W 
JI 2329 43:14:0SN 077:32:0JW 
II  3323 40:48:00N 073:45:00W 
II 3324 40:47:00N 073:45:00W 

NY 
NY 

NY 
NY 

NY 
NY 
NY 
NY 
NY 
NY 
NY 

Great South Bay 
Hudaoa Riw:r 

Hudaoa4Rilll:r 
Hudaoa Riw:r 

JUD11ica Bay 
Jamaica Bay 
Lake Champlain 
Lake On1ario 
Lake Ontario 
Lillie Nedi Bay 
Lillie Neck Bay 

Babyloa 
Peeukill 

F0t1 Miller 
Peebk.ill 

New Yorlr. 
New York 
Ticonderoga 
Okoli 
Rodiesler 
Loa, Is. Sound 
Loaa l1.4Souad 

X X X SIAIIIC a& 3319 
X X X Slime as 3409; Ind.: chem.; P&4P mill 150 river milc:s upslrcilRI; Superfund 

silc:4(PCB) 
X X Forl Millc:r Pulp anJ Papc:r (Finch, Pyru)'ll & Co.) 

X X X Same llS 2709; Ind.: chem.; P&P mill 150 river miles upslrc:ilRI; Supcrfund 

X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

s.ite (PCB) 
Ind.: chem.; airport; hmdfill 
Ind.: chem.; airport; landfill 
International Paper Co. 
Ag.: apple orchards and croplands 
Ind.: chem (Kodalc); Sile4"' lbc: mouth ,>I Gi:nc:sec: Ri vi:r 

X X X X Suni:4as43324 
X X X X Same4aa43323 

II 40:49:00N 07J:40:00W NY Mannauetl4Bay X X X X Same aa 3326 
I I  3326 40:SO:l0N 073:40:lSW NY Maubaaaeu Bay X ,s X X Samc: u 43325 

XII 3300 43:15:JON 079:0l:45W NY Niagara R. Della POl"ler X X X Ind.: chem.; Olin, Dupont, Oxidcnlal (HCB); Ag.: orchards; ludfill 
X X 

X X 
X X 

X 
X 

X X X 

X 
X 

X 
X 

X X 
X X 

X X X 
X X 
X X 

X X 
X 

X 
X X 

X X 

X Ind.: chem.; Olin, Duponl, Oxidenlal Chem. (HCB), (cotnpllDics 

X 
dOWDSCrc:am of site) 
Ind.: chemical 

X X Ind.: chem.; Olin, Duponl, Oxidc:n111I (HCB); Ag.: orchard� 
Newton Falla Paper Mill (defunct s.ince October 19!14 
Ind.: Chemical 
Potsdam Paper and Norfolk Paper (PPNC); ALCOA , GM, Rcyooltb 
(upllrc:am of moulh) 

Ind.: chemical 
Ponderosa Fibcr5 (oul of business more lhan 4 yc:11rs); Dow chemiClll in 
Can11d11 

X Sampled al 69th Slrccl Pier 

X X 
Cvibbc:u Gulf Rcfinins Corp.; lmdfiU 

X X 
X 
X 

Ealua,y 
Ind.: metal pl11ling. mining; illcgal dump (landf'dl); A,.: muabroom farmiiw 
Chc:miClll spill (HCB concern); Supcrfuml s.ilc (HCB) 

X 
Wcs1vaco (indirccl); rural 

II 32'/7 43:0J:OON 078:S8:55W 

II 3299 43:02:00N 078:53:45W 
II Jl02 43:10:JON 079:03:4I0W 
II 3303 44: 12:JON 075:00:00W 
II 3412 43:28:00N 076:31:00W 
I I  3305 44:58:JON 074:44:00W 

44:S9:00N 073:21:00W 
II 3308 
II 2322 

45:00:00N 073:21:00W 
II 3411  43: 1 1 : 1aN on:31 :JOW 
II 3307 44:42:JON 075:28:JOW 

40:38:20N 074:02:lSW 
I I  3432 
I I  )327 

17:59:40N 066:46:25W 
II 3431 18:26:40N 066:06:JOW 
I l l  2210 38:52:20N O'n:02:15W 
Ill 3147 38:52:30N on�"JOW 
Ill 3099 38:35:00N 07S: 12.-00W 
Ill lO!l8 39:48:0IN 0'1S:39:44W 
Ill 3097 l9:J5:40N 075:37:SOW 
Ill 3149 3'J:43:58N 07S:4S:37WI 
Ill 3100 39:15:36N 076:31:JOW 
Ill 3317 I 19:28:00N 079:01:00W 

NY 

NY 
NY 
NY 
NY 
NY 

NY 
NY 
NY 
HY 

NY 
PR 
PR 
DC 
DC 
DE 
DE 
DE 
DE 
MD 
MD 

Niagara Riw:r 

Niagara Riw:r 
Niagara River 
Oswcgatc:bic Ri¥er 
Oswego Harbor 
Raquetle Rn-er 

Richelieu Rr.cr 
Richelieu River 
Rodiesler Embay. 
S1. Lawrence Rmr 

Upper Bay 
Guayanillll Bay 
San J uaa Harbol" 
E. Potomac Riller 
Pott:aic: Rn-er Park 
Indian Rn-er 
Red Clay Creek 
Red Lion Creek 
While Clay Creek 
Baltimore Harbor 
Potomac R.N. Br. 

Nilpra Falla 

N. Tonawanda 
Lewialoa 
Newton Falla 
Oswego 
Muaeu 

Rouac:s Pl. 
ROUICI Pl. 
Rochealer 
O,deubw-g 

X 
X 

New York 

San Juan 
DC 
N. of Wdaoa Br 
Ra.edalc Beadi 
A5hland 
Tyboull Conier 
Thompson 
Baltimore 
Westernport 
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� 
3414 

3423 

Lalll .. ................ - w� 

39:39:31N 016:10:28W MD Susquehanna Riw:r 
39:31!:00N 016: lO:OOW MD Suaqudwma Riw.r 

IF.PAr..-·- ti 

Il l 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 

Ill 
Ill 
Ill 
Ill 
Ill 
I l l  

Ill 

Ill 
111 

2231 
3103 
3316 
3161 
3420 
3094 
JO'J.S 
30')6 

3318 
3419 
3310 
3101 
2215 
2212 

3104 

3415 
2211 

Clarion River 
Cubb&eCreek 
C-Odorua Creek 
Delaware River 
Delaware River 
Delaware Riw.r 

-· 
._ .... I WC l'l'NC 
ConcJwiaao 
a-ia&o 
RicfFway X 
Philadelphia 
SpriaJOrtM X 
Torreadale 
Sch11,tkill Jlld. 
Eddyatoac 

41:25:20N 07!!:44:lOW 
39:56:JON 075:14:3.SW 
39:.S3:42N 076:49:00W 
40:02:24N 074:S\l:20W 
39:53:00N 07S:11 :46W 
39:51:36N 075:18:40W 

40:23:20N 078:24:20W 
42:09:25N 080:02:57\11 
40:39:40N 075:14:3.SW 
40:03:40N 075:28:23W 
40:17:30N 079:52:33W 
39:58:00N 075:ll:20W 

39:S8:22N 075:ll:33W 

41:23:JON 075:48:00W 
40:03:00N 076:30:00W 

PA 
PA 
PA 
PA 
PA 
PA 

PA 
PA 
PA 
PA 
PA 
PA 

PA 

PA 
PA 

Frankslown Braacb K1adder SlatioD X 
Lake Eric Erie X 
Lehigh Riw:r Euloa 
Lillie Valley Creek Paoli 
Moooagahcla Riva Clairtoa 
Schuylkill River Pbiladclpliia X 

Schuylkill River Pbillldclpliia X 

Susqudwma N.Br. R.-
Susqudwma Riw:r Columbia X X X 

WP 
Nl'I. a.,. 

X 
X 

X 
X 

X X 

X 
X 

X 
X 
X 

X 
X 
X 

X X 

X 
X 
X 
X 
X 

X 
X 

X 
X 

X X X X 

X 

NNNT IIOIIIICIIII ·--··0· ·-··-·-

- - ,... POIW 

-POIN'I 

u_. ._. 

X 

X 
X 
X X 

X 
X 

X 
X 

X 

X 

,,-................. ---..., 
Samceae3103 
Samcea 2231 
Pemecb Papen in Johmoabwg; rur■I; acid aiac draiaatc 
Old PCP plant (dcflllld for more tbaa .S ,can); ludfall 
P.H. Gladlfeldcr in SpriD& Grove 

Cou111I Eagle Point Oil Co. in NJ; Inorganic chem. 
Mobil Oil in NJ; Ind.: cllc:m; multiple MJUr«s; Aa,: aopbinda (tnickiaa ol 
w:gct11blcs) 
ApplctOll P11pcr oo the J uni.:a R iw:r ( Holler Creek) 
Hammerlllill Papc:, (indired); rllil)'ard; food proccuiac plaat 
Steel induatry 
Paoli Railyard (b.iAloric PCB problems) 
Ind.: uxwpaic clacm. IUld pell. 
Same u 3104; two rcf111Cricl.; Ind.: org. cbcm. & pac.; P&P mill; 
Supcrfund aile ( PCP) 
Same u 2212; lwo rcfmcrica; Ind.: org. cbcm . .t: pac.; P&P ..U; 
Supcrfuad ailc (PCP) 
Supcrfuad lite (Ilea")' metals) 
Gladtfeldcr (blcadwaft) 20 miles llpllream oa tribulary 

41:18:SON 07S:48:4SW PA Susqudwma River PillllOG X Supcrfund ailc (lie.")' metals); acid mine draiaagc Ill 
3315 40:21:00N 076:23:00W PA UniooeCanal Ill X Pcaticidc coaa:rn 

Ill 
Ill 
Ill 
I l l  
Ill 
Ill 
Ill 

2216 
3422 
3421 
2225 
2228 
2227 
2220 

41 :33:22N 077:41:28W PA YOIIDI Womc:m Cr. RcllOIIO X 
36:33:I0N 076:S4:S7W VA Blackwater Riw:r Riw.rcWc X 
37:47:15N 080:00:06W VA J acbo.n River X 
37:35:00N 079:25:00W VA James River Glucow 

Coviasloa 
X X X 

37:40:15N 078:()S: l0W VA JamcseRiw:r Cartcmille X X X X X 
36:46:lJN 077:09:S9W VA Nottoway Riw:r Scbrcll X X 
37:46:03N 077:19:57W VA Pamunkcy River Huaow:r X X X 

Union Camp Corporation in Frwlin 
Wcatvaco Corporalioo 
Lipt apiculturc; rural 
WCllvaco (PPC); Virginiia f"ibcrs ud Nck- Edward& (PPNC) 
Unioa Camp ia 20 iailca dowmtraa ol uaplils aile 
Up11rcam from tbe Cbcac:pcalle Corporalioa 

Ill  37:31 :.S.5N 076:48:40W VA Pamunkey River WCIIePoim X Cbcucpcallc Corporation (up11rca111 of ailc) 
I l l  
I l l  
I l l  
Ill 

Ill 
Ill 
Ill 
Ill 
IV 
IV 

3424 
3193 
3258 
2SOO 

3314 
3311 
3312 
3313 
2304 
230'} 

37:32:0lN 076:SO:JSW 
37:01 :45N 078:5S:40W 
36:49:48N 076:17:'JIJW 
38:27:00N 081:49:00W 

38:31:lON 081:S4:37W 
19:40:00N OIIO:Sl:.S2W 
40:09: ION OII0:42:2SW 
39:31: I0N 077:52:lOW 
3t :32:48N c.19:30:4SW 
32:24:41 N  086:24:lOW 

VA 
VA 
VA 
WV 

WV 
WV 
WV 
WV 
AL 
AL 

Pamuniey River 
Rouoke River 
S.Br.Eliubctb R. 
Kuawba River 

Kanawlaa Riw:r 
Obio River 
Oluo River 
Opcquoo Creek 
Alabama Riw.r 
Alabama River 

Wcat Point 
Brooltncal 
Norfolk 
Nitro 

Wiaficld 
Nw. Martianle 
Wlleems 
Bcdinaloa 
Claiborne 
Moatgomcry X 

X 

X 
X X 

X 

X 

X 
X 
X 
X 

X 

X 
X 
X 

X 
X 

Che1sepcake Corporation (downstream ol aile) 
X Rural 

X 
X X lad.: paiiciclca, tridaloropbcllol. ud or..-diaiicall (Dow Md 

MCMIUlo); rwal 
X X lad.: palicidea (Mmaaato); rwal 
X 
X Quaker State Oil Ref-.; lllccl illdllltria; utu niaaff 
X X Ag.: orcbarda; rural 

Alabama River Pulp Ccapany 
X X Incl.: organic cbcm. & pell.; Fence-poll aapuy. Aa,: er� 
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3337 
JV 

3375 
JV 

083:56:JOW 

3335 

T.ilLE a-3 (mat.) 

N>ll'IT IIIMJIICIII - --- - -· ·-- -·- - --- --· - -��rotE ·-!:PA� 
ii 

NPI. OIMr -
!Mil .. ,__....... - w-..... i-.... NliO • p,c Pl'NC WP - - ,.. NYl'W u- .... 

IV 3360 32:01:5SN 08S:03:43W AL Cbauahoochcc Cottoatoa X 
IV 3170 3J :29:40N 085:22:06W AL C.1wclawhalcbec R. Hca,y:Co. X 
IV 2302 31:04:0IN 087:02:40W AL Conecuh River E.. Brc:wtOII X 
IV 3172 31 :2S:07N 088:26:4SW AL C0068 River Al/GA State L X 
IV 3328 33: 17:24N Oll6:21:42W AL C006a Riw:r Coou l'illu  X X 
IV 3171 31:0l:02N 00:13:24W AL Cowarts Creek Houatoa:Co. X 
IV 3169 33:50:lSN 086:31:46W AL Inland Lake Blount Co. XJ
IV 3168 30:S2:30N 087:57:48W AL Mobile River near Cold Cr. X X X X 
IV 3331 30:30:00N 087:20: ISW FL 11 Mile Creek Cut- X X 

IV 3332 J0:38:52N 081:29:28W A.. Amelia River Fernandiu Bel X 
IV 2151 30:23:04N 00:33:24W FL Econlina Creek Panama City X 
IV 3329 30:01:00N 083:46:00W FL Fenholloway River Perry X X 
IV 3334 29:50:31N 00:17:5\IW FL Gulf Co. Canal SI. Joe: X X X 
IV 3174 27:12:lSN (8);47:28W FL Lake Okeechobee Okccchobce X 
IV 2148 27:38:54N (8):24:lOW FL Main Canal Vcro:Bcacb X X 
IV 3333 30:07:38N 08S:39:25W FL SI. Andrew Bay Puama:Cily X X 
IV 2142 29:38:48N 081:37:32W FL St. John5 River Palatka X X X 
IV 3173 30:00:00N 08J:40:00W FL SI. John& Riw:r Green Cv. Spr X X 
IV 2152 30:21:JON 082:04:54W FL St. Mary's Rivcr Macclenny X X 
IV 3330 30:28:00N 083:15:00W FL Wilhlacoochc Riw:r Blue Spru11 X 

-----......••-la.__._......_ ef lM ____,._ .... I 

Alabama Krah iD AL (gOCA into (jA wider bul oa AL WIie) 

Contuiacr Cocpor alioa 

Kimberly Clark; wooded lll'Ca; Ag.: aopluds ud IP"aziac fackb 

Several chem. & f>C'I- plants; Hydro-power 
Champion IDlcrnation.AI Corp. in C11neonmcn1; ruriil; i.wampland; Ag.: 
croplantls 
ITI Rayonier, Inc. 

BuckeyeCellulose; rural; swampland; Ag.: IP"uintl field& 
SI. Joe: Papcc (indirect) 

Collcctcd below aalini(y ilructurc 
Southwest Fo.-cst lad., Inc. (indirect) (Stoac Contaiau Corp.) 
Gco.-gia Pacific Corporation 
Wood ll'eatmeal planl 

IV 31:39:lON 081:49:00W GA Altamalui River JC&Up X X ITI Rayoaicr, Inc:.: swamplud; Ag.: aoplands 
3177 34:26:00N 083:40:30W GA Chattahoochee R. GUIICliville X X X X Town olSclaoYille: bea\l)' me1aJs, wood producu; Ag.: chicken ranu Uld 

orchards 
33:39:24N OM:40:25W GA Oiauahoochec R. AullcU X X Box Board oa Hwy 92 

3316 33:28:37N 084:54:0IW GA Chauahoochec R. Whitesburg X 
IV 

I V  33n 33: 16:4SN 085;06:00W GA Outtahoochee R. Franklin X 
IV 3378 31:08:00N 00:04:00W GA Chattahoochee R. Dooaldsonville X X 
IV 3178 34:55:00N 083:10:00W GA Chattooga Riw:r Oa)toa X 
IV 3179 34:27:00N 083:57:JOW GA Cbcitatee Rivcr above:l,.:Luiu X X X 

Great Southern P»cific Paper Coa,pany 

Mining: gold, sand, and gavel; Ai-: o.-daardi, dairy (anu & cludcn 
bol.15Cli 

32:0J:20NIV 2294 GA Flint River L BlachhClll' X Procter & Gamble (Buckeye CdlulOK) 
IV 3176 
IV 3336 
JV 2290 
IV JJ?S 

IV 3338 
IV 3180 

30:52:00N <&4:36:00W 
30:43:37N 11111:32.-00W 
33:22:2.5N Olll:.56:3SW 
32:10:JON OIIJ:at.SOW 

33:22:00N 081:56:00W 
31:18:00N 084:45:00W 

GA 
GA 
GA 
GA 

GA 
GA 

Lake Seminole 
North River (IDOlllh) SI. Mary. 
SaYllllDah R iw:r 
Sal'Ullah RMr 

Aupila
S..vuuaali 

Savannah R iw:r Aupsta 
Spring Creek Early County 

X 
X 
X 

X 

X 

X 

X 
X X 

X 
X 

X 

X X X X 
X 

Grc.111 Southern Pacific Paper Company 
Gilman Paper Company 
Fcdccal Paperboard in P.-1, Georgia Pacific; Ind.: pcil. 
POf1 H__,d Paper (PPC), Uaioo C...., ud S&oac ConlaiDer C.arp. 
(PPNC); Nucleu i-, 
Poadcrosa Fiben (indircd) 

31:08:lSN 081:31:JSW GA Turtle R. (mouth) S. Bruuwick R. X Brunswick Paper & Pulp oa the Turtle R.; mardaland; wooded area; Ag.: 
p aziDg fields i 

IV 
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3435 

TABLE B-3 (ma&.) 

• 
POINT SOURCl,l; 

NPL O&Mr ��.'!)I
NT
I __._�-

w-- Laca&lea PPC PPNC WP .... SIio lail P01W........ ·-- - NSO u.- Aarl i  .,..-.....-.,..--..... EPA.�... ti 
38:24:22N 082:35:52W 
36:55:41N 089:05:52W 
36:55:27N 086:52:47W 
38:00:30N Oll5:56:30W 

38:46:29N 084:57:52W 
38:00:30N 00:56:30W 

38:24:22N M2:35:52W 
30:25:00N 089:04:00W 

32:20:41N 090:51 :48W 
30:19:32N 088:31:00W 
30:25:20N 088:31:l0W 
31:l3:28N 089:02:SOW 

KY 
KY 
KY 
KY 

KY 
KY 

KY 
MS 

MS 
MS 
MS 
MS 

BigXSandyXR. 
Missiwppi Riw:r 
Mud Riw:r 
Ohio Riw:r 

Ohio Riw:r 
OhioXRwu 

Bia SandyXR. 
Bcmard Bayou 

Big Black River 
Chevron Effiuent 
Esciatawpa Riw:r 
Leaf River 

Cauletsburg 
Wickliffe 
Russellville 
Wes1 Point 

Markland 
WCllpoint 

Catlettsburg 
Gulfport 

80Yina 
Pascagoula 
Mor.sXPoinl 
New Augusta 

X X 
X 

X 
X X 

X 
X X 

X X X 
X X 

X X Xi X 

X 
X 

X 

X 
X 

X 
X 

X 

i 
X 
X 

X X 

X X 
X X 

X 

X 
X 

Ashland Oil Inc.; Ind.: chem,. iron and steel; coal mining. timber 
Weslvaco Corporation; Ag.: croplands 
Ind.: metal plllling; rendering plant; Ag.: croplands 
Same as 3181; Ind.: chem. & pc� .• refinery; Ag.: crops; Supcrfuad u&e 
(PCB's; solvents; dioxins & furans) 
Williamctte lndLISlrics; multiple sources; ruraJ 
Same as 2056; Ind.: chem. & pest., refinery; Ag.: crops; Supcrluad lite 
(PCB's; solw:nts; dioxins & fur ans) 
Ashland Oil refinery; coal mining 
Ind.: chc:m.; woud treatment; (gas recovery) refinery; rural; Supcrfvnd u&e 
(solvents) 
Ag.: so�ans and cotton 
Chevron refinery, International Paper; shipyard; fertilizer company 
International Paper Company 
Leaf River fores! Products 

IV 
IV 
IV 
IV  

IV 
IV 

IV 
IV 

IV 
IV 
IV 
IV 

3183 
3339 
3182 
2056 

2341 
3181 

3446 
31115 

2126 
3445 
3341 
3340 

' lnternaliooal Paper Company 
X i  Same as 3184; Ind.: paper; fertilizer plant 

IV  3 1:25:00N 091:30:00W MS Mississippi River Natchez X 
XIV 2133 32:29:14N 090:49:02W MS Yazoo River Redwood 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

IV 
IV 
IV  
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

32:28:00N 090:49:00W 
3344 
3184 

34:23:SON 0711:10:30W 
2139 35:40:02N 093:04:23W 
3165 34:43:SON 079:39:24W 
3345 35:X1S:06N 082:40:45W 
3164 3S:56:4SN 079:l9:20W 
3342 34:36:30N 078:59:00W 
3167 i 35:50:35N 078:S0:20W 
3166 I 35:08:00N 00:38:lSW 
2138 ' 35:15:29N 077:35:09W 

3S:ll :56N 077:06:45W 
3343 
3395 

35:32:05N 082:54:-40W 
3346 35:Sl:55N 076:45:40W 

3385 35:59:25N Ml:31:32W 
3347 34:42:JON OII0:51:SOW 
31116 32:45:SON 079:53:l0W 
3348 33:2J:24N 079:18:34W 
31!17 ' 32:29:46N 080:31 :33W 
3349 33:51:0IIN 080:37:32W 
230) 35:29:45N 087:49:58W 
3189 35:55:37N 084:58:ISW 
2298 35:X16:JlN Oll8:58:36W 
3350 35:19:MN 084:48:XlJW 
2'1!-J7 36:00:S6N Oll3:49:54W 

MS Yazoo River Redwood 
NC Cape Fear Riw:r Ricgclwood 
NC Callaloochcc Creek Callaloochce 
NC Deep River Ramseur Dam 
NC French Broad Rivcr PisphXForCII 
NC Haw River Suapahaw 
NC Lwnbcr River Lumberton 
NC Mcdlins Pond Morrisville 
NC Naolhalia River Macon Co. 
NC Neuse River Kinston 
NC Neuse River NewBcm 
NC Pigeon River Clyde 
NC Roanoke River Plymouth 

NC Yadkin Riw:r Pallel'SOD 
SC Catawba River Ca1awba 
SC Charlcslon Harbor Charleston 
SC Sampil RM:r Georgetown 
SC SI. Helena Sound 
SC Waicrcc RiYa" Euaovcr 
TN Buffalo Riw:r flalWOoda 
TN Ft. Loudon Res. 

1 TN Hatchie River Bolivar

I� Hiwascc River Calhoun 
Holston River Knoitvillc 

X X I Same as 2133; Ind.: paper; fertilizer plant 
X X X Federal Paper Board; rural; swampland; wooded area; Ag.: cropiucb 

X Champioa Paper (PPC-iodirect soura:); wooded area 
X X X 

X X X EcLISla (sulfite mill usingchk1rine); ru.-al; wooded area; Ag.: cropluds 
X X X Ind.: lelllilcs; runll; Ag.: croplands 

X Alpha Cellulose (sulfite mill using chlorine) 
X Koppen Company (wood lrcal.); Supcrfuml siteX• wood I real. {PCP) 

X 
X Weyerhaeuser Company 
X Wcycrbacmcr Company 
X X X Champion Internal ion.I in Canion; rural; wooded area; Ag.: croplukk 
X X Weyerhaeuser Company on Wekh Creek; rural; wooded area; Ag.: 

croplands 
X X Scaled Air Corporalioa (makes 11bsorban1 paper for meat 1ra15) 

X 
X X X X 

X Bowater Carolina; rural; wooded area; Ag.: croplands 
Wcstvaco P11pc:r and Pulp; Amoco chemic.ill plant 

X lnlenwioul Paper Coaapan); rural; wooded area; Ag.: croplulk 
X X 

X X Uoioa Camp Corporala; rural; wooded •ca; Ag.: a-oplaDdl 
X X 

X X Ind.: aluminum 
X 

X X Bow111er South Pllpc:r Company; rural; wooded area; Ag.; croplanm 
I X X X Industry: metals 
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TABLE 8-3 (CoaL) 

_, 

I 

NOM'09ff�---ca 
IPA � .... oa., A........ lllll o..ntplha

I- !Al.... .__ l'PC WNC WP - .. ... POTW Una -... --- • ...--...........-.,,..-...., 
IV Mead Corporation (Chlorine Oiollidc process) 
IV 

3403 36:33:02N 082:35:00W TN Holslon R., S. Fort Klnpport X 
Map:u,Euon, Union n:llni:rics: tc:mi:nl factory; ICl)'bcan pnxa.sin11 

IV 
3444 35:05:15N :: Milliuippi Rlffl' Noaoonlllb Cr. X X X X 
Jl88 35:03:54N lOW085:20:28W Ind., chcnt; ookl:; -.:ndcrin1; rwlyudl; landHII 

IV 
'rn Nlckaja:k Reaervolr X X X 

3404 'rn Pi,eon Rivcr Newpon X X Oampon lnk:mluonal in Nonh Carolillll 
IV 

36:0l:20N 083:12:00W090:05:
33!11 35:56:24N 083:10:!12W ' 

I 
'rn Plseon River Newpon X X Champion lnlemalional In Nonh CIIIUlillll 

IV 3190 ™ Temicuee River Kno.nillc35:50:UN 084:04:llW X X 
IV 3401 35:03:54N 086:16:39W ™ Tcnoeaee:RJver Hardln Co. Teniacc River Pulp and Plip,:r in Cou..:c, TN 
V 

X 
2379 37:37:3 1N 089:25:42W X X 

V 
IL Bi& Muddy River Oland Tower X 

X Ind.; Oflanic chem. & pat.; R.:fanem (downsuum); lted; in..inenuor 
V 

X X X2383 IL Des PlalnN River Lockport41:35:47N 081:04-t11W 
X X3 1 1 3  41:!12:13N 081:18:31W X X 

V 
IL FOIi River CleneYa 

2380 41: l9:40N 088:45:IOW IL lllinoil Rive, Mu9elllca X X X X X Ind.; chi:m. & pest.; Union oil, Te11&,-o, Mobil; Ammunition plant 
V 3 1 14 X39:43:00N 091:3 1 :04W Celolea Coq,oration (delnkin&J 
V 

IL Mlululppl River �IDcy X X 
3 1 15 X X Sl1 chemcal/phumaceutlcal planll (i-adid1llll'Ubc11zene)38:32:30N 090:1!1:00W IL Monaa.-i Effluent Eut SL l.ollll  

V 3 1 17 X X X Open lake aq,ic; Superfuad 1i11! (PCB) 11 W1111ke1u Hu11or42:2 1:ION 087:49:40W IL Late Michlpn Waukepn 
V Same u 3356; Amoco Oil; Ind.: primarily llllCI; WUICWllef; Superfund liii: 

(PCB) 
2059 41:37:ION 087:29:15W XIN lndiana Hubor Caa. Eaa Cbk:qo  X X X X 

V 33!16 Same u � Amoco Oil; Ind.: prurwily sh:1:I; w-w-; Superfund 11111! 
(PCB) 

41:37:ION 087:29:l!IW X X X X XIN Indiana Hamor Cu. EaaOiicqo 

V Ind.: chem. & pell.; coal nlinlna; (Sile al Ille mouch o{ Ille Watmh R.)
V 

2060 38:07:50N 087:56:20W X X XIN Wabull RiYa" New:..,_)' 
2057 X X X X38:30:45N 087:17:: Hydlo-powa; coal ranln1 

V 
IN While River � 

3 1 19 42:33:00N lOW085:54:00W Hiltoncal PCB OOCIIIIDinMon rrom paper o...'inldna; Supcrf'lllld Ille (PCB) 
V 

Ml Allepn:l...ake Allepn X X 
31:18 Mead COIJIClllllion (hlsioncal PCB eoo1amln11ion)4!1:SO:OON 087:05:00W Ml Elcanaba River Eacaaabl X 

V 1994 AulOmoblle manufecnarin1 (heavy mi:tals and oils) 
V 

43:03:00N 083:48:4!1W Ml Pllnl River Rusbina X X X 
3120 42:39:00N 082:10:00W Ml Kalamazoo River Sau111111Ck Hiltorical l'CB COllllllDillalion 1ile Is llownstn:am of KallmuouX 

V 3122 Ollmplon lnlemlllional COlpOOlllon 
V 

45:47:00N 087:59:00W XMl Meoomioce River 
1998 43::l!l:05N 086:14:!15W Ml Muuqoa:lue Mualqoo X X X X X Scott l'lpet (indlrect); Power & chi=m. plllll; A1.: on:h.; aame a  3 148; 

Supeduod Ille (PCB)
V 3148 43::l!l:05N 086:14:!l!IW X Scoa Piper (indirect); Power & chem. plUII; A1.: on:b.; aame a IWII; 

Supcr1\lod Ille (PCB) 
Ml Muuqon:lue Mlllkqon X X X X 

V 2432 43::19:57N 086:08:42W X fw uplllQlll of bloaclwafl (Scoa ,,.,con.-ny)Ml Muske1on River Bridp)P X 
V 2410 42: 16:45N 083:07:20W X X X Ind.: heavy IICd; chem.; a1IIOOIObile (PCB'1 in ellluent)Ml Rouse River RlverRouae 
V 2431 St May's Paper; Alpna Sll:d; dled&lnl46:29:4!1N 084:22:25W X X X XMl SI Marys River Saull SL Marie 
V 2430 46:34:30N 085:15:IOW Ml Tahquamr:11011 R. Puadile X 
V Culldlan Bleach Kraft P&P mUIaboul 30 mila upwillll In � Bay, 

ClnL 
2435 47:55:23N 089:08:42W Ml WuhinllOII Cfflek Ille Royale X 

V 2387 X X 
V 

44: 16:0BN 093:21 :O!IW MN Cannon lake Failbaull X 
2437 44:41:33N 093:38:3!1W MN Minnesota Rivet Jonlan X XX 

V 3 1 12 45:58:17N 094:22:0!IW MN Mississippi River Little falll X Hennepin Paper
V Jl2!1 44:33:34N 092:25:47W MN Mississippi River Red Wini X X X AshlandOil/Koch Refining: urban runoff; hisloriclll PCB contunlnalionX X 
V 238!1 48:36:29N 093:24:BW MN Ralny River lniem., Palls X Boise Cascade oo both sides of the riverX XIV 3()()1 Site is above 1he dun. Boise Casi:adc ouUall is below dam. 
V 

48:35:29N 092:53:34W MN Ralny RiYCr lmem'I Palla XX 
2416 41:29:50N 081 :42:IOW OH Cuyahoaa River Cleveland X X X Ind.: chem.; uil,

i IV 2394 39:33:44N 084:1 8:19W OH Great Miami River f'ruklln Appleton Papers and Miami Piapc11 (di:inllin1I: Ind.: mi:wu1ndU!h:n 
V 

X X X 
2439 39: 15:53N 084:40:lOW OH Gn:a1 Miami River Nw.:Balllmon: X SucJ P&P mill (dcinldn1); Ptuclw- 1111d Giunble; A&. IUIIUff; Sup:rfUIIII 111h:X X X X 
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TABLE 11-3 (mat.) 

,, •:p1N4t 
Lalk ... I•E'"" ti ·-- - --- ......... NSO 

V 

V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 

V 
V 
V 
V 
V 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
V1 
VI 
VI 
VI 
VI 

26I18 39:24:40N 084:33:14W 

3132 39: 17:JbN 082:55:48W 

3135 44:49:39N 091:30:38W 
3136 4S:24:05N 091: l3:18W 
3137 45:55:00N 090:26:4rw 
2429 44:27:39N 088:03:JOW 
3138 44:16: l0N 088:22:18W 
3140 44: 13:24N 088:27:34W 
JIU 1 44:00:43N 0811:31:00W 
3144 43:32: 17N 089:27:36W 
2422 46:36:21N 090:52:JOW 
3134 44:0l:58N 088:08:45W 
3141 43:03:26N 087:53:54W 
2427 45:03: 16N 087:44:SOW 
3142 43:43:SIN 087:47:04W 
3110 44:58:00N 092:46:00W 
2.197 4S:37:27N 089:25:14W 
2608 44: 16:00N 089:SJ:OOW 

3106 44:16:00N 089:SJ:OOW 

3107 4S:0l:20N 089:39:0IJW 
3108 45: 10:JlN 089:40:00W 
3109 44:56:S?N 089:37:4SW 
3l4S 4S:26: 17N 089:43:56W 
3146 44:52:57N 089:38:17W 
2023 3S:20:S6N 094:l7:S4W 
3060 34:26:41 N  OIJ2:06:38W 
3062 34:10:0'JN 091:43:56W 
3061 33: 10: I BN 092:39:00W 
3078 34:S0:39N 092:07 20W 
3443 34:09:00N 091:31:00W 
21115 33:33:27N 091:14: lSW 
21118 35:S9:43N OIJ2:l 2:45W 
3073 JS:56:33N 092:07:0SW 
1016 33:33:07N 094:02:28W 
3452 33:34. 15N 094:06:00W 
JOn 33:S7:17N 094:21:49W 
21117 33:14:32N 093:59:SSW 
.'Altlll 30:53:00N 093:25:00W 
:no 32:40:IXIN 091:43:00W 

OH Hamilton Canal Hamilton 

OH Scioto River Chillicothe 

WI Chippewa River Eau Claire 
WI Flambc.u River E.ILad}'$mith 
WI Flambeau River Park Falls 
WI Fox River DcPerc Dam 
WI foll River Appleton 

WI Fox River Lk ButteD.Moru 
WI Fox River Osbkosh 
WI foll River, upper Portage 
WI Lake Superior Ashland 
WI MaaitowoceRivcr Chilton 
WI Milwaukee Rivcc Milwaukee 
WI Pcshtito R. Harbor Peshtigo 
WI Sheboygan River Kohler 
WI St Croill River Hudsoa 
WI Wisc. R/Boom Luc Rhinelander X 
WI Wisconsin River U. Pentcawcll Pl 

WI Wisconsin River U. PcntenwcU A 

WI Wisconsin River Brokaw 
WI Wisconsin River Merrill 
WI Wisconsin River Wausau 
WI Wisconsin River Mobawskin 
WI Wisconsin River R01mchild 
AR Arkansas River Van Buren X 
AR Arkanus River Lilllc Rock 
AR Arkansas River Pinc Bluff 
AR Bayou Dcl..outre El Dorado 
AR Bayou Melo J acksonvillc 
AR Bayou Melo Reydcll 
AR Miuiaippi River Arlia-City X 
AR N. Sylamore Creek Fifty Sill X 
AR N. Sylamorc Creek F'tfty Sill X 
AR Red River lndcll X 
AR Red River lndcll 
AR Rolling Pork River De Queen 
AR Sulphur River Texarkana X 
I .A Anacoco Bayou Deridder 
LA Bayou Bonne Idec Oak Ridge 

N>INT aMJRCa 
NPL 011w, 

PPC PPNC WP - ... .... rorw 
X X 

X x X 

X 
X 
X X 

X X X 
X X 
X 
X 

X X 
X 

X X 
X X 

X X 
X X 

X X X 

X X X 

X 
X 

X 
X 

X 
X X 
X X 

X X 
X X 

X 
X X 

X 

X X 
X X 

X 
X 

NONPOINT 
- - Dnntpdoa

u.- .... IPad- • lk ._ _, ._  ____ _  l 
X Canal off G. Miami R.; Appleton Paper; Aviation plant; steel; 

hydro-power;Super(und site 
Mead Corporation oa Paint Creek; Ind.: inorg. chem. & pest.; Supcrfuad 
lite 
Pope and Talhot (dcinking) 
Pope and Talhot ( dci11king) 

X Flamhcau Paper; Ag.: croplands and grazing fidJs 
X Fort Howard, James River, Green Bay Pkg� Nicolet Paper, Champion 

Kerwin Paper Company ( de inking), Gladtfeldcr, WI Tissue, Kimberly Clark 
Gladtfelder, WI Tissue Mills, Kerwin Paper (historical PCB contamination) 
Pooderou (deinking) 

X Historical PCB contamination 
Jamcs River-Dillie Northcm (deinking); rural 

X lncincralor; H2O softener plant; Ag.: aoplanJs 
X Ind.: melals (historical PCB conlaminalion); 300-400 Industrial discharges 

Badger Paper Mills, (indirect) 
Supcrfund site (historical PCB contamination) 
Anderson Windows; wood treatment plant 
Upstream or paper mills 

X Nekoou, Fort Edwards, Consolidaled Kraft; Vulcan mat. (rubber & 
plutic); aarne n 3106 

X Nekoosa, fort Edwards, Consolidated Kraft; Vulcan mat. (ruhher & 
plutic); same as 2608 
Wausau Paper (sulfite mill) 
Ward Paper (dcinking) 
Wood trcallllCIIC plant site is between paper mills. 
Rhinelander Paper c.ompany 

X Weyerhaeuser, half dozen unall mills; Ag.: croplands 

X 

X International Paper Company; wooded area; Ag.: croplands 
X Lion Oil Company 

Supcrfund &ile (dioxilli); rural; wooded area 
X Dowastrcam aboot JO miles or the Jacksonville &ice (J078) 
X POllatcbCorporation; Ag.: cropland$ 

Same a l073 
Sarne n :2018 

X Nckoou Bdwvds Paper Compuy 
X Nckoou Paper; lime and grnel minca; Ag.: aop ud 1Jazias ludl 
X Wood treatment plant on Bear Creek 

lntcrnalional Paper Company in Tcus 
X Boise Southe!rn Co. (Boise Cascade); rural; Ag.: cropland 
X HCB use in agriculture 

B-3-9 



--� 

VI 3353 

33:00:00N 092.1>4:00W 

3091 

TABLE B-3 (amt.) 

- - -- ·0· - - --- - - ·- . -
NIINT SOlJ■t:EI l'l()lit,011111'- - - - ---· ---""" -�" 

-

NrL ,_, -· 

� .__ - w ....... � N/JQ • rrc P,PN(; WP' lllaw - ... P01W IJ- ..... ,,_.........._._.,..__...__., --
VI lOll6 J0:12:00N 00:17:00W LA Ba,ou D'lndc: Sulfur X X Cil,o Parole- Corpo,.Cion; Ind.: chem. 
VI 1442 l0:02:l6N 090:22:27W LA Ba,ouel.mlrche Norco X X Shell -' Norco Refmcrics; SlaeU chemial planl 

;2;31:00N 09l:S4:00W LA Bayou Lafourche BUlrop X X X llllerNliuul Paper Company; rmal 
VI 3063 l0:06:00N 093:20:00W 
VI ]OIJ2 32:05:00N Olll:47:00W 
VI 3352 32:33:00N 091:S l:OOW 
VI 3064 JD:02:00N 090:02:00W 
VI 3082 32:41:00N 091: 1 1  ·00W 
VI 2532 J0:4S:JON 091 :23:4SW 
VI 3065 J0:27:00N 091:13:00W 
VI 3066 30:06:00N 091 :01 :OOW 
VI 3418 J0:19:00N 091:17:00W 

LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 

Calcaieu RMr 
Dtigdc- RMr 
Laltcelrwia 
Lake Ponlchanriu 
Lake Providence 
Miuiuippi Ri\l'U, 
Mis&iuippi Ri-.er 
Miuiuippi RMr 
Miuiuippi Riwr 

Mou Lake 
Hodge 
Slart 
NeweOrlc-

SI. Prucilwilc: 
Bacoa Roug1: 
U11im 
2.acwJ 

X 
X X X X 

X 
c-, lac.; Ind.: chem. 

X Abaft Bayou Lafourche. This dammed waler fcc:cb Wh- Brue. 
X X X 

X HCB me ill apicullure 
X cr- Zdlert,ad 
X X X X Georgia Pacif1e 0-po,.Cion, Crown Zdlcrbach; 1wo refaaeric1 

X X lad.: m11lliple _,c:a; Ag.: croplud ud paziag 
X Georpa Pacif1e ud Jamea Madiaoa Paper; rural; wooded area 

VI 3416 
VI lOllO 32:27:00N 092:07:00W 

LA Ouadlita Rner Slerliagloa X Gcorpa Pacif1e and lneerutional Paper; rural; wooded area 
LA OuachilaeRna Moeroe X X X X Georpa Pacif1e ia Ar�; Al,: ttop aad pmag lalMb 

VI 2S44 30:J0:23N 090:2l:42W LA TaagipdOC RMr Robcr1 X X 
VI 
VI 
VI 

3087 
3425 
3074 

32:35:00N 091 :56:00W 
32:33:00N 091:55:00W 
3S:46:J8N JCB:l9:27W 

LA 
LA 
NM 

� Brue 
Wham Brue 
Rio Mora 

s-rtz 
Swartz 
Terruo X 

X 
X 

Same •  3425; l111er11111iunal Paper Co. (Jisclwp lo 8. Lafourche) 
Same •  3087; llller..aiooal Paper Co. (ducbarp lo 8. LaFourcbe) 

VI 
VI 
VI 
VI 

3l05 
3090 
J019 
'1027 

35:ell:42N O'J8:31:3SW 
l6:04:00N 095: 16:00W 
36:n:OON 096:56:00W 
34:38:18N 094:36:4SW 

OK 
OK 
OK 
OK 

Fora Cobb Re1ervoir Fora Cobb 
Fora Gibsoa Res. Pyre, Creek 
Kaw RCKnoir 
Kiamichi Riw:r Big Cedar X 

X 
X 

X 

X 

A1.: ttoplaads; solf COIUIC DCU the sile 
Robel T- Mill 
Vlllca Plane i■ Wichita, KaniU (chcmial proceuiag plaDI) 
Heavily wooded area; Al-: cactle 

VI J076 3J:S7:00N 094:JS:OOW OK LllllceRMr Goodwaler X Wood lrutment: Tllompsoo wmbe,, Huffman Prc5Crw:r, Niwa Dr 05. 
Presener• 

VI 
VI 2026 34:14:03N Oll6:S8:32W OK Wuhita Riw:r Durwood X 

U.56:00N 095:07:00W OK Red River X We,erUCU1Cr Company 
X X Kerr McGee Refmi■g Corpo,•ioa, Tola.I Petroleum, loc. 

VI JOll9 3.S:41 :OON 09.5: 14:00W OK WebbeneFaU. MuulJICC 
VI 3084 26:l l:42N 097:36:06W TX Arroyo Colon1Jo Harlingea
VI :BS 28:S8:S9N 095:23:41W TX BrlllOI River Frcc:porl 
VI 3068 29:40:48N O!M:.58:.SOW TX HOlllloa SJ,jp Ciani MOl'pD Poial 
VI 3069 27:Sl:)ON 097: JO-.lOW TX lnaer Harbor CtM"p111 Christi 
VI 3081 31:25:SIIN O!M:33:56W TX Lake Sam Ra,t,ur■ Lufkin 
VI 2280 28:57:lSN Oll6:41:IJW TX La,aca Riw:r Edn.a X 
VI J07S 28.-89:00N Oll6:S2:00W TX Mc:aquile Bay X 
\'I 3093 : 31 .1111:00N O!M:48:l9W TX Nedlea R� Dibol 
vr JOJO l111:'9::JON 09l:S4:00W TX Ncdla Riwu (lidal) Port Artla11r 
VI 31112 11 :05:00N 105:36:00W TX Rio Grade Rilv El Pao I 

:.111 2':14:ISN O'Jl8:2l:43W TX S.. Aalonio Riftr l!laelldorf 
VI 2283 JIH5:25N 0911:02: llW TX So. Fork ROC--ky Cr. 8riga X 
VII 3035 42.-o3:S4N 091 :47:48W IA Cedar River Palo 
VII J037 41:40:S1N 093:40:08W IA Des Moiaes Riw:r De, Moine, X 
VII 3038 41 :33:0?N 093:3l:29W IA Des Moiaes RMr Des Moinca 
VII )0)4 4l :34:53N 090:23:23W IA Miuiuippi R iw:r l.eeL1airc 

X X Porl H«Mlrd Paper Comp■ny 
X HCBemc 

X Al Dow Chemical OUlfaU 
X X X X X Cbaapioa llllernational aad Sialpioa Paper; four refincric•; Ag.; cropla,■Js 

X X X X Foar rtf111erica 
X X 0-pioa l11&eru1ioaal Corpo, •ion on I he Angelina R iw:r 

X 

X X Teaple-Eallu, lac_ in Diboll aad Bordea Chemical (mill) 
X X X Teaple-Eallu, Jae. in Sillbcc, TX; lwo rcf111ericl; hod.: daea . .I: pea. 

X X X Cllewoa USA, l■c., El Pao Refiaias Coapaay 
X X X X X Hawcl Hpdrocart,oal 

Bactpoand site 
X X X Aboul SO milea dowa.wrcam ol W111erloo 

Upstream aboul 10 mile, from a PO1W 
X X X Below POlW (pretrc.Cmcnl pla111) 
X X X Upslrcam of lnct and dam al Daw:nrocl {abc,w: dam) 

B-3-JO 



w ....... 

3036 

3197 

3235 

VIII 
3199 

3282 
3288 

B-3-J J  

TABLE B-l (mnL) 

NONPOINTrouff' souaca 
NPL OCloe<EPA--�, ·-- ·-- Adlllllo..i Slln O...r1pti.n .... llrt.a.I !••- I■ 11w >klnl!Z •I Ibo ...,tH!!I ollcl!Iulo SIie t .. P01WPPCNSOLalll- AcriPPNC WP 

VII 2191 41:IS:32N 09S:55:20W IA MiaouriIRiYcr Couacil Bluffs X X X X Ind.: chem. and pc:sl.; metals; hydro-power; s.mc as 3042-oppouu: aidc1 ul 
river 

VII 21'.IO 40:36:07N 09S:38:44W IA Ni&hnabol1111 River Hamburs X X X Same asI3036 
VII X X Same as 2190 X40:36:07N 09S:38:44W IA Nialmabot1111 River Hambur& 

2194 37:32:34N 097:16:29W 
VII 
VII 

3039 37:32:JSN 097:16:29W 
VII mi 36:02:30N 090:07:JOW 
VII 3040 36:02:JON OIJ0:07:30W 
VII 3047 39:42:36N 001:21:0iW 
VII 3048 38:52:33N 000:10:26W 
VII 3049 37:17:46N 089:30:56W 

VII 3045 39:07:52N 094:27:SSW 
VII 2199 39:ll:14N 093:53:4.SW 
VII 3044 39:44:32N 094:51:36W 
VII 3046 39:ll:14N 093:53:45W 
VII 3050 37:59: 15N 093:48:4.SW 
VII 3042 4l:l5:32N 095:55:2:0W 

VII 3043 41;(11:18N 095:S2:40W 
VII 3041 4l:4S:42N l03:25:02W 
VII 2205 40:59:48N 096:01:18W 

KS Arkama& River Derby 
KS Ark.- Riw:r Derby 
MO Lilllc River Dilclt 81 Horncnville 
MO Lilllc Rncr Dil� 81 Horacnwle 
MO Miuiuippi River Hlllllibal 
MO Miuillippi River Wc1&IAtloia 
MO Miuillippi River Cape Giraclcau 

MO MillouriIRMr KalllU City 
MO Millouri River Lc11�11• 
MO Millouri River SI JOICpll 
MO Millouri River l..cuagloa 
MO O.,. RMr  ROICOC 
NE Millouri River Oaaba 

NE Millouri Riw:r Bcllcwc 
NE Nortla Plauc River Mcpew 
NE Plauc River Louisville 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

X X 
X 
X X 

X 
X X 

X X 
X 

X 

X 
X 
X 

Same as 3039. Below Wichila 
Same as 2194. Below Wichita 
Same as 3040. Rice growing region 
Same as 2201. Rice growing region; heavy pesticide use 
Fish collecled near down1owo area. 
Ind.: chem. ; heavy melaJs; heavy shipping w,flic 
Colleelcd al POTW oulfall. Proe1or & Gamble p,,pcr products, Ag 
croplands 

Same as 3046 

Same as 2199 
Ag.: croplands 
Ind.: chem. and pest.; me1als; hydro power; same u 21111 - oppw;ile &idc1 
of river 

Vlll 
Vlll 3198 

38:33:00N 106:01:00W co Ar'- River Salida Defunct wood lrealmcnl plilol 
co Soulb Platlc River Deaver39:48:I0N l04:S7:30W X X X 

VIII 3200 40: I0:30N 104:59:00W co SI. Vrian RiYcr Loap,oat X 
VIII 3236 46:IO:OON 1 12:46:26W MT Clark Pork River WarmISprillp X 
VIII 3237 47:01:0SN 114:21::ZOW MT Clark Pork River Huam Slone Con1aincr Corporation X 

MT But Oallalill River BozcauVIII 45:45:JSN I Jl:05:04W X 
MT Gome Bay Lakeside XVIII 3234 47:56:l4N 114:U.:04W 

VIII 2122 4S:47:48N 108:28:12W 
VIII 210S 47:3.5:25N 103:15:0SW 
VIII 2100 49:00:00N 097: 13:4SW 
VIII 3111  49:00:00N 097: 13:4SW 

MT Y�oncIRiver Billiap 
ND Lillie Miuouri R. WadonlICily 
ND Red River Pcmbiaa 
ND Red River Pcmbiu 

X 
X 

X 

X X X Sugu bcel procc&sing planl; cropl .. nJs; Same as 3 1 1 1  
X X X Sugar bcel processing planl; croplands; Slime u 2100 

SD Bi& Siollll River Akron2l0'J 42:"9:42N O!l6:33:45W X X Same as 3199 X X 
SD Bi& Siam River Akr111142:"9:4.SN O!ll!i:ll: ISW X X X XX Sm>e 111I2100 

VIII 2 1 10 44:00:49N l03:<t9:48W 
VIII l19S 40:4S:ION 111:SS:ISW 
VIII 3196 41:20:40N l05:3S:45W 
VIII 2098 42:34:27N 106:41:31W 
IX 3266 ll:05:00N 1 13:02.-00W 

SD CaallcICrecli: Hill City 
ur JordaaIlliller Sall Late Cily 
WY Laniaie River Laraaic 
WY Nonli Platte RiYcr Alcon 
AZ Gila River Gila BcDd 

X 

X 

X X 

X X 

X X 

X X 

Ind.: pe11icide1; Supcrfuod &i1e (chlorobcazcnca) 
Railroad tic lrcalinc plan( (Jcfwsct) 

Cot Ion growing region (Neu Phoenix) 
33:12.-00N 115:37:00W CA AlamoIRiftr Calipalria HCB use ia agricul1ure X 
36:41:00N 121:44:00W CA Bluc:oIDrliD Saliau X X Mulliplc wurccs 
33:46:00N 1 18:0ll:OOW IX 3285 CA Culorado4l.aaooa l..on& Bcacll Multiple wurccs X X 

VIII 

IX 
IX 

https://42:"9:4.SN
https://093:48:4.SW
https://093:53:4.SW


37:55:00N 

3355 

3357 

47:3J:07N 

TABLE 11-3 (CIDIIL) 

NONPOINT PtMNT 90UltCD - -- . -- - · ·---- ---Er�F� NPL -- - ...--- -..-- , ........ ·- - w ........ i-..... NIU • rrc l'PNC 'WP .... - ... P01W ·- ._. 1, ....... .. ..  - .... --- .... 
IX  3273 41 :45:00N 124:1 1 :00W CA Elk Creek Crcsccnl Cily X McNam1ra & Pccpc (hilloric:al PCP lite) 
IX 3286 3 U7 ISN 1 1&: 1 7:JJW CA Harbor Park Lake Harbor C"tly X X Mukiplc aourca 
IX 3271 40:34:00N 123: 1 1 :00W  CA Hayf'ork Creek Hayfon X Sierra Pacific (bisaorical PCP sile) 
IX  3272 122:21:00W CA Lauritzen Canal Richmond X Uniled Hcc:btliora: paticidc pac:kapag ...... ia 60'1 (PC8'1, DDT, Pb) 
IX 3275 40:54:00N 124:00:00W CA MadeRMr Arcata X Moll■l■•Arcala 
IX 3276 40:52:00N 124:00:00W CA Mad Ri11cr Sloup Arcata X Sierra Pacific 
IX 3289 36:48:00N 121:46:00W CA Mou Landing Drn. Mou landiag X Mukiplc IOUCCI 
IX 3451 34·0l :45N 1 l 8:40:4SW CA Moulb of Malibu Cr. Malibu X POTW: Tapia Creek; pazing land (lionca) 
IX 3354 37:57:00N 121: 18:00W CA New Mormoa Sigh Stocklori X X X X McCOJmicke-t BUia (-i pr-n); Suptrfund ailc (IOMllb) 
IX 3183 33:06:00N I IS:40:00W CA NcweRMr Wcalmoreland X Mukiplc IOIIICCI (HCB ac) 
IX 37:56:00N 121 : 19:00W CA Old Mormon Slough Slocklon X X X X McCormick A 8■-er (wood pcsc�ra); Aa-: cropl■nda A orch.; 

S11pcrfund lice ( .. nll) 
37:57:00N 1 2 1 : 20:00W CA Port of Slocklon Slocklon X X McCormick A: B•er (wood rr�ra); Supcrfuad lile (IOhcD11)IX 3290 

IX 3274 41:55:00N 124:07:00W CA Rowdy Creek Smilli RMr X Arc.ala Luaber Comp1111y (llillorical PCP lile) 
IX  38:05:00N 1 2 1 e:44:00W CA Sacramento Dcka Anliocb X X X Gaylord Corilaincr Corp.; lad.: chclll.; ,er111ery; p,wer plaae; A1.: 

orchards and croplaada 
IX 32h7 40:27:00N 122: 1 1 :00W CA Sacramcnlo River Andcraori X Sim,- Paper Colalpur, wooded ara 
IX 3270 40:09:00N 122: 1 1 :00W CA Sacr11111Cnlo RMr Red Bluff X X Diamoad l•ematioul (rccydcd paper); Ag.: aopl■ada aDd l'■ml 
IX 3287 33:46:00N 1 18:06:00W CA San Gabriel RMr Long Beach X Siai-oa Paper Company, Pacific Coal Paper 
IX 2748 34:24:00N 1 19:JO:OOW CA Santa Clara RMr Sallla Paula X S- 11e3281 
IX 3181 34:20:00N 1 19:04:00W CA Santa C.1■ra RMr Sania Paul■ X S- 11 2748 
IX 3264 33:S4:27N l l8:31 :28W CA Sanla Monica Bay l.ol Angelca X X X X El Scpndo Refiacry; Hyperion POTW oudall; m■kiplc IOUrCCI 
IX 3450 33:55:00N 1 18:28:00W CA Short Bank (Pac. 0.) Loi Angelca X POTW: Hyperion o■t(al 
IX 326'} 37:43:00N 121:09:00W CA Slanwaus RMJ Ripon X Mulripic IOllrce& 
IX 3278 39:24:00N 123:06:00W CA UJll!Cr Eel Rm:r Potier Valley X Lo■iliua Pacific (liiltorical PCP lile) 
IX  2037 l9:46: l5N l55:0S:33W H I  Honolii Slrcam Hilo X X Al,: IIIIW CUC POMlll(palicidca) 
IX 3261 21 : 18:00N 157::59:00W HI Pearl Harbor Middle Loch X Combustioa � S■pcrfuad lile (IOMllla) 
IX 3262 22:04:JON 159:22:30W HI Wailua Paelcltu SI. Kauai Agcal Oruge lest lile (IIOI a deaipllcd auperf■ad ai&e) 
IX 2n6 35:40:00N 1 14:40:00W NV Colorado Ri¥Cr Blw Hoow:r Di, X 
X 3238 60:58:](IN 149:27:35W AK Bird Creek Bird X 
X 3241 61 : 13:20N 1"9:51:21W AK Ship Creek Aachor■ae X X X Salwgc yard with ruaoff of PCB; Supcrfund sile; ludf,JI 
X 3246 57:03:00N 133:IHJ0W AK Silver Bay Sitka X Alaua Pulp Company 
X 2070 6 l:32:42N 151 :30:45W AK Sll$icna River Susiana X 
X 3244 58:41 :00N 134:03:00W AK Vanderbilt Cru• Juneau X X 
X 324S SS:23:4SN 131:44:20W AK Ward O- Kelchibn X Lo■ili■n■ Pacific Corp. (wlflle mill); Kcldliku Pulp Md Paper 
X 3252 43:48:29N l l7:00: t5W ID Boiac Rm:r P1rma X X X 
X 3250 47:38:0SN 1 16:43: ISW ID Coeur d'Alene Lake Coeur d' Alcac X X lad.: aiher minima 

3249 l 16:22:06W ID Coeur d'Alene Rnoer Coeur d' Ale■e X X M-. 
X 3158 42:37:ISN 1 14:31:Sl!W ID Rock Creek Twill Falls X 
X 
X 
X 

2478 
J2'i6 
32411 

43:00:0SN 
46:25:eISN 
47:19:0SN 

l l5:12:06W 
I J7:02:04W 
1 16:33:JSW 

ID 
ID 
ID 

Snake Ri¥Cr 
Snake River 
SI. Joe Rm:r 

KinpeHiU 
Lcwillo■ 
St. Marie 

X 

X 
X 

X 
X Potlalch COl'poralio■ 

X 3203 , 45:37: 19N 122:45:20W OR Columbia RMr Portland X X 

X 
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,439 

32 1 5  

TABLE B-3 (Cont.) 

J 
NONPOINTIPf>INT SOl'Rct-:'i - -- - -- -· --- -i I 

F.PAi�:.,.... , - - Addi-I Sit• l),nrtptlon 
_ !l"I. t I l.alllud, 1-___&Hud_! Stat,_ Woi,rhndy l.oaillon 

NPI. oa,., 
PPf.• PPN!::__�-- �  Sit, lad POTW 1 1man -- A ff"!_llliel In lh,_Y� h!:"""!f:l_l!'A .... )_ -��q_ __ l!, 

IX 32 16  1 45:5 1 :SlN 1 22 47 l'IW OR Culumh1a R iver St Hckns X X X X X Boise Cascade (indirect) 
X 32 1 8  46:0'l: 2 1 N  1 2 l  24 00W OR Columh1a River Wauna X X James River Corporation in Clatskanie 
X I 3 2 19  45:W: ION 1 20. 56-(JOW OR Columh1a R,v,•r Dalles X X X Hydm-power {PC'R ·s generated); food pmcessing plant; Ag.: orch. & 

cmplands 
X rnH 45:36:06N I 22:4,:57W OR Columhia Slouj!h Portland X Five paper mil ls usin11 Cl hleach, two paper mil ls not usin11 Cl hleach; 

shipyard 
X X 

X 320& X44:03::10N 1 1 657:00W OR Malheur R iver Ontario 
X m 2  43:46:5</N I 1 7 :03 :09W OR Owyhee R, ver Owyhee X 
X .1205 45:26:33N I B: 14 :07W OR Tualatin R i ver Cherry Grove X 

X X X Minor industries; A11. :  cmplandsX 
X 

45:21 :40N 1 22:45 :l0W OR Tualatm R I  vcr Cuok Park 
4.'U4:53N 1 22 :44:WW OR Wi llamette River Purtland X X X X Ind. chem.: smelters; shipyard.�; timher 

32 17X 
X 12 1 3  
X ,43714
X 3226 

X 14.18 
X .1220 

X 12241 
X : l222 

44:21: 16N 
45: 1 7:41 7N 
45: I 7 :1RN 
47:23:J0N 

46:41 5 : 36N 
46:07:50N 

46:06:00N 
45:34:0RN 

12l 14:03W OR 
1 22 5R:01W OR 
1 22 46:0!!W OR 
1 22 : l? 38W WA 

1 2 l  57 57W WA 
1 22 :59:27W ' WA 

1 1 8 :55 :00W l wA 
l 22 :24 .42W ' WA 

Willamette River 
Willamette River 
Wil lam,·nc River 
Burley Lagoon 

Columhia R. (lower) 
Columh1a River 

Columhia R iver 
Columhia R 1wr 

XHal l�cy 
XNcwhur!!h Pool I 

Wilsonville 
Purdy 

Estuary 
1.oniivicw X 

Tri Cities X 
Camas. X 

X 

X 

X 

X Hallscy Pulp Company (Pope and Talhol ); Ag.: croplands 
X Deinkin11 plant; nth,•r pulp mills upstream: Ag.: cmplands 
X 

Below tran�formcr and scrap metal salva11e yard; nclow Superfund site 
(PCB) 

X Weyel'hacuscr and Longview Fiber Company; A11. :  croplands & 11ra1.in11 
fields 

X Boise Cascade: A11.: croplands & grazing fields 
Crown Zellerhach (James River Corporation) 

46: l 5 :06N l 23 : J3 : .l2W I WA Columhia River W,x>dy Island X X X Boise Cast·ade and Wcycrhaucser, Longview Fi her downstream X 

X 
X 

X 

X 
X 

IX .4. 1 1 624
X 

X 
X 
X 
X 

X 

X 

X 
X 

3440 
3441 
3 1 6.l 

3 19 1  
1 1 92 

3227 1 
1 .1 295 [ 4!1:08:00N 1 21 :24:45W WA Port A ngele, Harhor Port Angeles 

1294 . 48 :06:J0N 1 22 :45:J0W ' WA Port Townsend Port Townsend 
2247 ' 47: l 2:52N 1 22 :20:25W ! WA Puyallup River Puyallup X 

2246 47:49:52N 1 22:02:S0W ' WA Snohomish \1onmc X 
l221 48:0l :52N 1 22: 1 3 :00W : wA Steamhoat Slough Everett 

i 
3224 48:45:01 N 1 22 : 29:02W ' WA Whatcom Waterway Bel l ingham 

i121 1 46:22:42N l 19 :25:29W I WA Yakima River Richland
11230 47: 1 1 :  I ON 1 20:02:.10W WA Yakima R iver Cle Elum X 

46:00:33N 1 22:.5 1 :(J4W _ WA Columhia R iver Kalama 
45:5!1:0SN 1 22 :49 . \ 'IW WA Columh1a R iver Deer !slant! 
47: 16: 1 2N I 22: 25:50W I4WA Commenci,mcnt Ray Tacoma 

46:5!1:00N 1 21 : SlOOW WA Grays Harhor HoquiamI4
46:57: 1 3N 1 21 :5 l · I SW WA Grays Hartx)r Cosmopol is 
47: 1 7:05N 1 22:24:28W ' WA Hylehns Wa1crway Tacoma 
47: 1 4:20N 1 2:1:02 :4()W I WA Oakland Bay Shelton 

X X X Boise Cascade and Wcycrhauescr. Longview Fihcr downstream 
X X X Boise Cascade and Wcyerhaueser, 1..ongvit-w f'1ocr downstream 
X X X X X X X Simpson Tacoma Krafl . US Oil and Rcfin in!!: heavily industriali1.cd; 

Superfund s11c (Commencement Bay) 
X rrr Rayonier, Inc. (sulfite mil l ,  nonchlorinc ) 

X Weyerhaeuser Company (su l fite mil l .  chlorine) 
X X X X Champion Papt'r Cnmr,any; heavily industnali,.cd: Supcrfund site 

X X Simpson Pulp Mil l  (wtK>d overlay proclucls) 
X X rrr Rayonier, Inc. 

X 

X X Simpson Paper Company (down,1n·aml 
X X Li11h1 agriculture; t imhcr 

X X Wt') . .  iaeuser Company and Srolt Parer Company;  Supt·rfund si1e 
( solvents) 

X (jeorJ!ia Pal'ific 1 ,ul fi1c process ) 
X X X 

I 

B-3-13 

https://industnali,.cd
https://industriali1.cd


APPENDIX B-4 

Dioxins/Furans: Episode Numbers Used in Statistical Tests 
(By Category) 



TABLE B-4 

Dioxin s/Furans: Episode Numbers Used in Statistical Tests (By Category) 

\:ASQA� (:\SQ) 3042 NE 3261 HI 

Episode 

20 15  

20 1 6  

20 17 

2023 

State 

AR 

AR 

AR 

AR 

3050 

3 104 

3 199 

328 1 
3308 

MO 

PA 

SD 

CA 

NY 

3272 

3414 

3415 

Total 

CA 

PA 

PA 
7 

2026 OK Total 40 POTW 

2070 

2098 

AK 

WY 
AGRICt:LTURE (AG) 

Episode 

2 122 

State 

tvIT 

2 1 05 
2 1 22 

2 126 

2 148 

2 1 5  1 
2152 

2191  

ND 

\IT 
MS 

FL 

FL 

FL 

IA 

Episode 

2280 

2358 

2478 

3050 

3082 

3083 

State 

TX 

ME 

ID 

MO 

IA 

IA 

2 152 

2322 

2432 

2544 

3308 

3450 

345 1 

FL 

NY 

MI 

LA 

NY 

CA 

CA 

2205 

2220 

2228 

2246 

2247 

2280 

2298 

2309 

2322 

2358 

2430 

NE 

VA 

VA 

WA 

WA 

TX 

TN 

AL 

NY 

ME 

MI 

3084 

3099* 

3 105 

3 158*  

3 170 

3 171  

3 180 

3 193 

3208 

3212 

3282 

TX 
DE 

OK 

ID 

AL 

AL 

GA 

VA 

OR 

OR 

CA 

Total 8 

BACKGROUND (B) 

Episode State 
2027 OK 

2037 HI 

2 1 10 SD 

2139 NC 

22 16 PA 

2283 TX 

2301  TN 

243 1 
2432  

MI 

MI 

3352 

3437 

LA 

OR 

2379 

2387 

IL 

MN 

2437 

2439 

MN 

OH 

Total 19 2397 

2435 

WI 

MI 

2478 

2544 

2776 

3036 

304 1 

ID 

1A 

NV 
IA 

NE 

SUPERFUND (NPL) 

Episode State 

3078 AR 
3097 DE 

3226 WA 

265 1 
3001  

3022 

3023 

3027 

NJ 

MN 

ME 

ME 

ME 

No data available for dioxins/furans. Number of data values varies by chemical. 
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3344 
3345 

3349 

3404 

TABLE 8-4 (Cont.) 

3028 ME 3080 LA 3341 MS 
3037 IA 308 1 TX 3342 NC 

3073 AR 3088 LA 3343 NC 

3074 �M 3 107 NCWI 
3075 TX 3 1 18 NC 

NC 

MI 
3346NC 3 122 MI3 166 

3 169 AL 3 146 WI 3347 SC 

3 178 GA 3 150 MA 3348 SC 

3 179 GA 3 15 1  MA 
3 187 SC 3 152 NH 3350 

SC 

TN 
3200 co 
3205 OR 
3238 AK 
3248 ID 

3 192 WA 335 1 TN 
3217 OR 3353 LA 
3218 OR 3395 NC 

3220 WA 3403 TN 
3309 NY 3221 WA 

3320 NY 3222 WA 34 16 
TN 
LA 

3430 NJ 

Total 33 

PULP & PAPER 
(Chlorine) (PPC) 

Episode State 
20 15 AR 
2016 AR 
2017 AR 
2 138 NC 

2 142 FL 
2294 GA 
2302 AL 
2304 AL 

3224 
3237 
3245 
3246 
3256 
3260 
3267 
3303 
33 16 
3317 
33 18 
3328 
3329 
333 1 

WA 
MT 
AK 
AK 
ID 
NY 

CA 

NY 

PA 

MD 

PA 

AL 
FL 
FL 

3418 LA 
3420 PA 

3421 VA 

3422 VA 

3423 VA 

3424 VA 

3425 LA 
3435 MS 

3452 AR 
Total 78 

INDUSTRY/URBAN 
(IND/URB) 

Episode State 
2355 ME 3332 FL 1994 MI 
2385 MN 3333 FL 2023 
2422 WI 3335 GA 2057 IN 
2427 WI 3336 GA 2060 IN 

3337
3339 

2725 ME 3340 MS 22 15 PA 

3062 AR 2220 VA 

No data available for dioxins/furans. Number of data values varies by chemical. 

AR 

2532 2 19 1I.A IAGA 
2721 22 10 ME DCKY 
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3043 
3044 

TABLE 8-4 (Cont.) 

2220 VA 

2225 VA 

2227 VA 

2309 AL 
2328 NY 

2329 NY 

2410 Ml 

2416 OH 

2500 WV 
3024 ME 
3025 ME 

3034 IA 
3035 IA 
3038 IA 
3039 KS 
3040 MO 

3042 NE 

3134 
3 14 1  
3 144 
3 147 
3 149 
3 164 
3 165 
3 168 
3 172 
3 174 
3 182 
3 188 
3 189 
3 190 
3 198 
3 199 
3203 

WI 
WI 
WI 
DC 

DE 

NC 

NC 

AL 
AL 
FL 
KY 

TN 
TN 
TN 
co 
SD 
OR 

3297 NY 

3298 NY 

3299 NY 

3300 NY 
3301 NY 

3302 NY 

3306 NY 
3307 NY 

33 10 PA 

33 1 1  WV 
33 13 WV 
33 14 WV 
3315 PA 

3321 NY 
3322 NY 

3324 NY 
3326 NY 

3045 

NE 3206 OR 3327 NY 

MO 3219 OR 341 1  NY 

MO 3227 WA 3412 NY 

3046 MO 323 1 WA 
3047 MO 3234 MT 
3048 MO 3235 MT 
3049 MO 3236 MT 
3060 AR 3244 AK 
3064 1A 3249 ID 

3066 1A 3250 ID 
3079 OK 3252 ID 
3085 TX 3258 VA 

3094 PA 3269 CA 

3 100 MD 3275 CA 

3 101 PA 3276 CA 

3 103 MD 3283 CA 

3 1 1 1  ND 3285 CA 

3 1 13 IL 3286 CA 

3 1 15 IL 3289 CA 

3120 MI 3296 NY 

3426 NJ 
3428 NJ 

3432 PR 
3438 WA 

3443 • AR 
Total 106 

PULP & PAPER 
(No Chlorine) (PPNC) 

Episode State 
3089 OK 

3090 OK 

3091 OK 

3092 1A 
3093 TX 
3 108 WI 
3 1 12 MN 

3 1 14 IL
• No data available for dioxins/furans. Number of data values varies by chemical . 
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3377 

3444 

3 135 WI 
3 136 WI 
3 137 WI 
3 138 WI 
3 140 WI 
3 143 WI 
3 145 WI 
3 184 MS 
3 19 1  WA 

3270 CA 

3287 CA 

3294 WA 

3330 FL 
3360 AL 
3375 GA 

3376 GA 

TABLE 8-4 (Cont.) 

REFINERY/OTHER 
INDUSTRY (R/1) 

Episode 
2026 

State 
OK 

2380 IL 
2383 IL 
3061 AR 
3063 IA 
3069 TX 
307 1 TX 
3072 TX 
3086 IA 
3095 PA 

3096 PA 

3 125 MN 
3 183 KY 

3378 
GA 3264 CA 

GA 3312 WV 
3401 TN 343 1 PR 

Total 27 3434 
3442 

NJ 

TN 
KY 

20 

WOOD PRESERVERS 
(WP) 3446 

Episode State 
3076 OK 

3077 AR 
3 1 10 WI 
3 167 NC 
3 173 FL 
3 196 WY 
3 197 co 

3271 CA 

3273 CA 

3274 CA 

3278 CA 

Total 11 

Total 

• No data available for clioxins/furans. Number of data values varies by chemical . 
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APPENDIX B-5 

Xenobiotics: Episode Numbers Used in Statistical Tests 

(By Category) 



• •  

3437* 

TABLE B-5 
Other Xenobiotics: Episode Numbers Used in Statistical Tests (By Category) 

NASQAN (NSQ) 
Episode State 
2015 AR 
2016 AR 
2017 AR 
2023 AR 
2026 OK 

2070 AK 
2098 WY 
2105 ND 
2122 Mf 
2126 MS 
2 148 FL 
2 15 1  FL 

2 152 FL 

2191  IA 
2205 NE 
2220 VA 
2228 VA 
2246 WA 
2247 WA 
2280 TX 

2298 TN 
2309 AL 
2322 NY 
2358 * ME 
2430 MI 
243 1 MI 
2432 MI 

3041 NE 
3042 NE 
3050 MO 
3 104 PA 
3 199 SD 
3281 CA 

3308 NY 
Total 40 

AGRICULTURE (AG) 
Episode State 
2280 TX 
2358* ME 
2478 ID 
3050 MO 

3082 LA 
3083 LA 

3084 TX 

3099 DE 
3 105 OK 

3 158 ID 
3 170 AL 

3 17 1  AL 

3180 GA 

3 193 VA 
3208 OR 
3212 OR 

3282 CA 

3352 LA 

326 1 HI 

3272 CA 

3414 PA 

3415 PA 

Total 6 

P01W 

Episode State 
2122 MT 

2152 FL 

2322 NY 
2432 MI 
2544 LA 

3308 NY 
3450* CA 

345 1 * CA 

Total 8 

BACKGROUND (B) 
Episode State 
2 1 10 SD 
2139 NC 
2216 PA 

2283 TX 
2397 WI 
2435 MI 
265 1 NJ 
3022 ME 
3023 ME 

2437 MN 
2439 OH Total 

OR 3028 ME 
19 3037 IA 

3073 AR2478 ID 
SUPERFUND {NPL) 3074 NM2544 LA 

2776 NV Episode State 3075* *  TX 
3097 DE 3 166 NC3036 IA 

3226 WA 3 169 AL 
• No data available for other xcnobiotics. Number of data values varies by chemical . 

Data available fo r  mercury only . 

B-5-1 



• •  

3395 

3435 

3045 

3234 

3235 

TABLE 8-S (Cont.) 

3 178 GA 3340 MS 3258 VA 

3200 co 334 1 MS 3269* CA 

3205 OR 3342 NC 3275 * *  CA 

3238 AK 3348 SC 3276 CA 

3248 ID NC 3283 CA 

Total 21 

PULP & PAPER 
(Chlorine) (PPC) 

Episode State 
2017 AR 
2 138* * NC 

2294 GA 

2302 AL 

3403 

34 16* 

34 18* 

3420 

342 1 

3422 

3423 

3424 

3425 

TN 
LA 
LA 
PA 
VA 
VA 

VA 

VA 

1A 

3285 CA 

3286 CA 

3289 CA 

3296 NY 

3298 NY 

3306 NY 

3307 �y
33 15 PA 
34 1 1  NY 

2422 WI MS 3412 NY 
2532 1A Total 42 3426 NJ 
2721 ME 3428 NJ 
2725 ME INDUSTRY/URBAN 3438* WA

(IND/URB) 3 107 WI Total 35 
3 1 18 MI Episode State 
3 122 MI 3043 NE PULP&& PAPER 

(No Chlorine ) (PPNC) 3 15 1  MA 3044 MO 

NH MO3 152 Episode State 
3090 OKWA 3079 OK3 192 

3222 WA 3085 TX 3091  OK 

3224 WA 3101  PA 3 108 \Vl 
3237 MT 3 120 MI 3 1 12 MN 

3245 AK 3 149 DE 3 135 WI 
3246 AK 3 172 AL 3 136 WI 
3260 NY 3 174 FL 3 140 WI 
3267 CA 3 189 TN 3 143 WI 
3303 NY 3 190 TN 3 145 WI 
3316 PA 3203 OR 3 19 1  WA 

CAPA 3287 33 18 MT 
WAFL 32943332 MT 

3335 GA 3236 MT 3330 FL 

3336 GA 3244* *  AK 3360 AL 
• No data available for other xenobiotics. Number of data values varies by chemical . 

Data available for mercury only . 

8-5-2 



• •  

3446 

TABLE 8-5 (Cont.) 

3360 AL 
3376 GA 
3377 GA 
340 1  TN 
Total 17 

WOOD PRESERVERS 
(WP) 

Episode State 
3076 OK 
3077 AR 
3 1 10 WI 

NC3 167 
3 173 FL 
3 196 WY 
3 197 * a* co 
3271  CA 
3273 CA 
3274 CA 
3278 CA 
Total 11  

REFINERY/OTHER 
INDUSTRY (R/1) 

Episode State 
306 1  AR 
3063 LA 
3072 TX 
3095 PA 

KY 
Total S 

• No data available for other xenobiotics. Number of data values varies by chemical. 
Data available for mercury only . 
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