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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 [ 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 bioaccumulative pollutants
in tish and to identfy 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 1986 as an outgrowth of the U.S. Environmental Protection Agency's
(EPA’s) National Dioxin Study, a nationwide investigation of 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 concemn
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 determine 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 15 dioxins and furans, 10 polychlorinated biphenyls (PCBs),
21 pesticides/herbicides, mercury, biphenyl, and 12 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 sampies was recorded, including the
number of samples per composite and sampling date. Age and sex of the fish were not determined.
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.

Atmostlocations, both a composite sample of a bottom-feeding fish species and a composite
sample of a game fish species were collected. Although 119 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.



TABLE 1
Most Frequently Collected Fish Species

Number of Sites

Species Where Collected
Bottom Feeder Species

Carp 135

White Sucker 32

Channel Catfish 30

Redhorse Sucker 16

Spotted Sucker 10
Game Species

Largemouth Bass 83

Smallmouth Bass 26

Walleye 22

Brown Trout 10

White Bass 10

Northern Pike 8

Flathead Catfish 8

White Crappie 7

Bluefish )




Fish sampies were analyzed at EPA’s Environmental Research Laboratory (ERL) in Duluth,
Minnesota. In 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 smail 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 314
locations thought to be influenced by a variety of point and nonpoint sources (referred 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, Supertund 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 picograms 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 13.6 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 15 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

Concentration
Percent of pg/gor ppt by wet weight

Chemical Sites Detected Max ‘Mean Medlan
Dioxins

1,2,3,4,6,7,8 HpCDD 89 249 10.5 2.83
2,3, 78 TCDD 70 204 6.89 1.38
1,2,3,6,7,8 HxCDD 69 101 4.30 1.32
1,2,3,7,8 PeCDD 54 54.0 2.38 0.93
1,2,3,7,8,9 HxCDD 38 248 1.16 0.69
1,2,3,4, 78 HxCDD 32 37.6 1.67 1.24
Furans

2,3,7,.8 TCDF 89 404 13.6 2.97
2,3,4,7,8 PeCDF 64 56.4 3.06 0.75
1,2,3,4,6,7,8 HpCDF 54 583 1.91 072
1,2,3,7,8 PeCDF 47 120.0 1.71 0.45
1,2,3,4,7,.8 HXCDF 42 453 2.35 1.42
2,3,4,6,7,8 HxCDF 32 19.3 1.24 0.98
1,2,3,6,7,8 HXCDF 21 309 1.74 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* N/A 213 11.1 2.80

* TEC represents the sum of toxicity-weighted concentrations of all dioxins and furans relative to 2,3,7,8 TCDD.
M

xix



TABLE 3
Summary of Prevalence and Concentration
for 45* Other Bioaccumulative Compounds

Concentration
Percent of ng/g or ppb by wet weight

Chemical Sites Detected Max Mean Median
DDE 99 14000 295 58.3
Mercury 92 1800 260 170
Biphenvl 94 131 2.7 0.64
Total PCBs 91 124000 1890 209
Nonachlor, trans 77 477 31.2 9.22
Chlordane, cis 64 378 21.0 366
Pentachloroanisole 64 647 10.8 0.92
Chlordane, trans 61 310 16.7 2.68
Dieldnin 60 450 28.1 416
Alpha-BHC 55 44.4 241 0.72
1,2,4 Trichlorobenzene 53 265 3.10 0.14
Hexachlorobenzene 46 913 5.80 ND
Gamma-BHC 42 83.3 2.70 ND
1,2,3 Trchlorobenzene 43 69.0 1.27 ND
Mirex 38 225 3.86 ND
Nonachlor, c1s 35 127 8.77 ND
Oxychlordane 27 243 4.75 ND
Chlorpyrifos 26 344 4.09 ND
Pentachlorobenzene 22 125 1.18 ND
Heptachlor Epoxide 16 63.2 2.19 ND
Dicofol 16 74.3 0.98 ND
1,2,3,4 Tetrachlorobenzene 13 76.7 0.47 ND
Trifluralin 12 458 5.98 ND
1,3,5 Trichlorobenzene 11 14.9 0.12 ND
Endrin 11 162 1.69 ND
1,2,3,5 TECB 9 283 034 ND
QOctachlorostyrene 9 138 1.71 ND
1,2,4,5 TECB 9 283 0.33 ND
Methoxychlor 7 393 1.32 ND
Isopropalin 4 37.5 0.46 ND
Nitrofen 3 17.9 0.17 ND
Hexachlorobutadiene 3 164 0.57 ND
Heptachlor 2 76.2 0.35 ND
Perthane | 5.12 0.03 ND
Pentachloronitrobenzene 1 15.5 0.09 ND
Diphenyl Disulfide 1 324 0.02 ND

* The number of compounds shown here is 36, the difference is the result of grouping 3 individual PCB compounds
with 1 to 10 chlorines. Five of the PCBs were found at concentrations above 50 percent; the remainder were found
between 3 and 35 percent.




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 DDE, 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 thermostats; 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, uatil
1977 when they were essentially banned, were widely used as dielectric fluids in transtormers and
capacitors. Total PCBs in this study refers to the sum of the concentrations of compounds with 1
to 10 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 124,000
nanograms per gram (ng/g) or 124,000 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 formerly part of the National Pesticide Monitoring
Program. The NCBP was initiated in 1964 to determine how organochlorine compound levels vary
over geographic regions and change over time. In this program, fish were sampled at 112 sites
throughout the United States and these samples were analyzed for 19 organochlorine chemicals and
7 metals. The NSCREF analyzed 15 of these 19 organochlonine compounds and mercury. In the
NSCREF, 11 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 two studies track closely for the common poliutants 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 locations , sites near pulp and
paper mills that use chlorine for bleaching, sites near other types of pulp and paper mills, sites near
former or existing wood preserving plants, sites near industrial or urban areas, sites near industrial
areas that include refineries with catalytic reforming operations, sites that could be influenced by
runoff from agricultural areas, and sites near POTWs. These categories were selected based on
probable sources of poliutants. Background sites were selected to provide a comparison with areas
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relatively free of point and nonpoint scurce 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 sttes, other paper
mills, or reefineries were not used for the dioxin/furan 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 10 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 213 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 available (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 182 sites for mercury and 106 sites for
the remaining chemicals. The risk estimates were performed 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.



The highest estimated lifetime human cancer risk levels are associated with total PCBs. The
cancer risk exceeded 10 " at 42 sites for total PCBs for a fish consumption rate of 6.5 g/day (Table

4). The second highest cancer risk was associated with dieldrin where six sites had estlmated cancer
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for which reference dose (RfD) values were available. Hazard indices based on a fish consumption
rate of 6.5 g/day exceeded a vaiue of 1 (meaning adverse heaith effects may occur) ata smaii number
of sites due to total PCBs, mirex, and combined chlordane when the maximum fillet concentrauions
were used in the analysis. No indices were exceeded when the mean or median concentrations were
used. Combined chlordane 1s the sum of the concentrations of cis- and trans- chlordane, cis- and
trans-nonachlor, and oxychlordane.

STUDY LIMITATIONS

focal assessment of nsks to specxflc populatl ns. Such detailed risk assessments would consider
the number of peopie exposed and incorporate local consumption rates and patterns. Furthermore,
a detailed assessment would require a greater number of fish samples per site than collected for this
screening study. Addiuonally, this study does not address all the bioaccumulative pollutants that

may be present in surface waters.

One of the original intents of the NSCRF was to further investigate dioxin/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 erther dioxins/furans or the other study compounds.
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TABLE 4

Number of Sites with Estimated Upper-Bound Risks

TARGETED SITES
No. of Sites RISK LEVEL (Cumulative)

with Fillet 10-6 10-5 10-4 10-3
Chemical Data (>1in 1,000,000) (>1 in 100,000) (>1in10,000) (>1in 1,000}
PCBs 106 89 79 42 10
Dieldrin 106 53 31 6 0
Combined Chlordane 106 4 10 0 0
DDE 106 40 10 0 0
Heptachlor Epoxide 106 9 2 0 0
Alpha-BHC 106 11 1 0 0
Mirex 106 8 2 0 0
HCB 106 5 0 0 0
Gamma-BHC 106 0 0 0 0
Heptachior 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
No. of Sites

with Fillet 10-6 10-§ 10-4 10-3
Chemical Data (>1 in 1,000,000) (>1in 100,000) (>1in10,000) (>1 in 1,000)
PCBs 4 1 1 0 0
DDE 4 1 0 0
Basis: D 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.




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 1o determine the prevalence of
selected bioaccumulative pollutants in fish and to identify correlaticns 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 1987 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 relatively free
of pollution sources; and a small subset of sites selected from the U.S. Geological Survey’s (USGS)



National Stream Quality Accounting Network (NASQAN) for nationwide coverage. Targeted sites
included areas near significant industrial, urban, or agricultural activities. Over 100 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
Study 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 portion 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 portion. A few
bottom-feeding species composite sampies 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 finai list of 60 contaminants included 15 chlonnated 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 14 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.



Chapter 2 - Study Design and Approach

This chapter provides an overview of the development of the design and analytical approach
for this national study of chemical residues in fish. Prior to undertaking the study, a Work/Quality
Assurance Project Plan (U.S. EPA, 1986a) was prepared that described the overall goals for the
study, the data quality objectives, and the Quality Assurance/Quality Control (QA/QC) 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, 1987b), 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, determining
compliance with precision and accuracy targets, and achieving minimum detection limits to meet
the objectives of the study.

POLLUTANT 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 of priority pollutants. Priority pollutants are the 126 pollutants dqrived 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, 1984).

2. Pesticides detected in effluents from pesticide manufacturing plants (Dorman, 1985).

3. The Carcinogen Assessment Group’s (CAG’s) List of Chemicals Having Substantial
Evidence of Carcinogenicity (U.S. EPA, 1980b).

4.  Semivolatile organic compounds identified by the Office of Toxic Substances in 1980
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, 1982a,b).

! Specific poliutants are listed in 44 FR 34393 (1979), as amended by 46 FR 2266 (1981), and 46 FR 10723 (1981).



7. Clean Water Act 4(c) Program pollutants, other than priority pollutants, identified in
industrial and POTW 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 15 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
determined based on potential fish tissue concentration levels of concern, i.e., those associated with
a given level of toxicity (10'6 risk of cancer). The latter were derived following Agency guidelines
(U.S. EPA, 1986a).

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, 1986a, 1984)
and are noted below. Two composite fish samples per site were collected, where possible:

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

2. Arepresentative 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



TABLE 2-1
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




summary of the types of fish actually collected and analyzed and a comparison of the observed fish
tissue concentrations detected are included in Chapter S, “Fish Species Summary and Analysis.™)

Sample Handling/Preparation

After collection, the fish were individually wrapped in aluminum foil, labeled, dry-iced, and
shipped frozen to Duluth. Chain-of-custody procedures were tollowed for each sample using a
centralized sample control system. Once tish 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 (skin-off) was done at
ERL-Duluth. All equipment and the stainless steel table were cleaned after each use. The ground
tissue was stored at -20°C until extracted.

Fish Length and Weight 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 coliected 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 tor 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, EPA/600/3-
90/022 (PCDD/PCDF); U.S. EPA, 1990c, EPA/600/3-90/023 (xenobiotic chemical contaminants);
and U.S. EPA, 1989a (mercury).



Dioxins/Furans

A schematic of the analytical procedures used for the tissue extraction of polychlorinated
dibenzodioxins and polychlorinated dibenzoturans (PCDD/PCDF) is shown in Figure 2-1. Specific
details of the analytical procedures used are provided in U.S. EPA, 1990b (included in Appendix
A). After spiking a dry tissue sample with internal standard solutions, the sample was extracted
with a mixture of hexane and methylene chloride and the eluent was collected in a Kuderna-Danish
(KD) apparatus. The internal standards added at this point consisted of 11 different B¢ 1abeled
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 contents were weighed. The lipid 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 difference in weights. The acid-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
chlonde was added to the carbon column, and then the carbon column was inverted. 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
1987, 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 betterreflect
actual instrumental analysis. Consequently, results generated after July 1987 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 (o
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 (EPA/600/3-85-019).

Prior to the addition of the florisil column in July 1988, 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 (DB5 30M).

All 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 pL. 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.



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

Concentration Concentration
Compound in Solution (pg/uL) in ussue (pg/g*)
l Standard Solut 00wl
37c1L42.3.7.8TCDD 2.0 10.0
13¢12 2.3,7.8 TCDD 5.0 25.0
13c12 2.3.7.8 TCDF 50 25.0
13c12 1,2,3,7.8 PeCDD 5.0 25.0
13c12 1,2,3,7,8 PeCDF 5.0 25.0
13c12 1.2,3,4.7,8 HxCDD 12.5 62.5
13¢12 1,2,3,4,7.8 HxCDF 12.5 62.5
13c12 1,2,3.4,6,7,8 HpCDD 12.5 62.5
13c12 1.2,3,4,6,7.8 HpCDF 12.5 62.5
13¢12 OCDD 250 1250
37¢cL4 2,3,7,8 TCDF 20 10.0
Internal Standard Solution B,
1,234 TCDD 1.0 5.0
1.2,4,7,8 PeCDD 1.0 50
1,2,3.4 TCDF 1.0 5.0
1,2.3,6,7 PeCDF 1.0 5.0
Internal Standard Sojution C,
13¢121,2,3,4 TCDD 50.0 50.0

* Assumes a 20-g sample.
Reference: U.S. EPA, 1990b.

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

Compound Concentration (pug/ml)
Sumogate Standard Solution A (25ul.)

Iodobenzene 125

1-Iodonaphthalene 125

4,4’-Diiodobiphenyl 125

Internal Standard Solwion (10uL)

Biphenyl-Dig 50

Phenanthrene-Dio 75

Chrysene-Di2 75



1. One method blank:

r2

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 detection 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 picograms 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 the 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 10 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 the 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, 1990c, 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 1988, 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 t0 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.

10
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Samples were analyzed by GC/MS as referenced in U.S. EPA, 1990c. The positive
identification of analytes using the MS was based upon a reverse library search threshold value and
relative retention time: quantfication was based on the response factors relative to one of three
internal standards. Sample analyses were done in sets of 12 consisting of:

l. 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 xenobiotic 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) 25 nglg
Polychlorinated Biphenyls
Level of Chlorination; 1-3 125 ng/g

4-6 2.50 ng/g
7-8 375 ng/g
9-10 6.25 nglg

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., 1975; Horwitz, 1983; APHA, 1985; and Glass et
al., 1990. 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, suifuric acid, potassium
permanganate, and potassium persulfate 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 (ug/g)(ppm wet weight).
The detection limit for mercury was 0.05 pg/g for samples analyzed prior to 1990 and 0.0013 pg/g
for the 195 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 [S/N] 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

12
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flagged with a QR designation in the data base. These values represent minimum concentrations
and are included with the data but were not used in the data analyses.

Xenobiotic and mercury data QA requirements are listed in Appendix A, Table A-4 and
Appendix A, Table A-7. It more than 20% of the analytes were outside the QA for accuracy and
precision, the sampie set was reanalyzed. (QC charts were maintained by the laboratory for each
analyte displaying quantitative bias and precision. Bias 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 undertaken (e.g., adjust GC or MS
parameters, flush/replace GC column. clean MS, reextract and reanalyze samples). An overall data
completeness criterion of 80 percent was set for the study. As discussed in Appendix A, this criterion
was met.

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

“The expected quality of the data will be specitied in terms 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 concemn....”

The target for completeness of the data was originally 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 QA/QC
criteria. Those analyses which did not are tlagged with QR in the database (Vol. II, Appendix
D) and were not used for any data analyses. All other data met the QA/QC criteria, i.e., the percent
of total reported data classitied as valid.

Specific protocols were developed in this study for controlling data quality and ensuring
data comparability, including:

l. 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.

14



Procedures for documentation, data reduction and validation, and reporting were specified
inthe Analytical Procedures and Quality Assurance Plan Manuals (U.S. EPA, 1990b, 1990c, 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 (shown separately in Figure 2-6), and a subset of sites from the
USGS NASQAN (shown separately in Figure 2-7):

Number

Type of Site Sampled
Targeted Sites 314
Background Sites 35
USGS NASQAN Sites (Subset) -39
TOTAL 388

A subset of samples that had been collected at 103 sites during the National Dioxin Study
(U.S. EPA, 1987b), and that had been analyzed for 2,3,7,8 TCDD only, were reanalyzed for the
other study dioxin/furan congencrs and xenobiotic compounds. These sites have episode numbers
from 1994 10 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 furan
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 manutacturers, and
combustion sources (sewage sludge incinerators, municipal incinerators). Two reasons for selecting
these types of sites were:

1. 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

2. 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, 1986a). The ten
largest direct dischargers (by production volume) of the chemicals of concern were recommended

15



.'J
00 55

HAWAII

Figure 2-4. Location of bicaccumulation study sampling sites.

PUERTO RICO

16






PUERTO RICO
Figure 2-6. Location of sites representing background conditions.



o ALASKA

.'J N
00 5q.

PUERTO RICO

Figure 2-7. Location of sites selected from a subset of the USGS NASQAN Network .

19



for sampling. In addition, a site within each of the 10 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 furan compounds. The first section contains a summary of the prevalence and concentration
of all dioxins and furans analyzed, as well as a summary of theToxicity 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 15 compounds can be
found on Table 3-1 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 8%
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 1 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 3-1
Summary of Dioxins/Furans Detected in Fish Tissue

Percent ot
Sites Where Standard Total Number

Chemicat Detected Max* Mean* Deviation Median* of Sites D
2378 TCOF 89.4 4033 13.61 40.11 2.97 388 7
1234678 HpCDD 89.0 248.1 10.52 25.30 283 354 6
2378 TCDD 70.3 203.6 6.89 19.41 1.38 388 1
123678 HxCDD £68.8 100.8 430 9.25 132 375 4
23478 PeCDF 64.3 56.37 3.06 6.47 Q.75 387 9
1234678 HpCDF 538 58.3 1.9 441 Q72 353 14
12378 PeCOD 535 53.95 2.38 4.34 093 385 2
12378 PeCOF 47.3 120.3 1.71 7.68 Q.45 387 8
123478 HxCDF 42.0 45.33 2.35 453 1.42 379 10
123789 HxCDD r 9 24.76 1.16 1.74 0.69 375 5
123478 HxCDD 32.3 37.56 1.67 239 1.24 a7s 3
234678 HxCDF 317 19.30 1.24 1.51 0.98 ar9 13
123678 HxCOF 20.8 30.86 1.74 2.34 1.42 379 11
1234789 HoCDF 4.0 2.857** 1.24 0.33 1.3 353 15
123789 HxCDF 1.3 0.96** 1.22 0.4% t.38 379 12
TEC N/A 213,05 11.08 2377 28 as8

* Concentrations ara picograms per gram {pg/g) or parts per trillion (ppt) by wet weight. The mean, median, and standard deviation were calculated using one-half the detection
fimit for sampiss which ware below the detection limit. In cases where multiple samples were analyzed per site, the value used represents the highest concentration.

**Detection limits were higher than the few quantified values for 1,2,3,4,7,8,9 HpCDF and 1,2,3,7,8.9 HxCDF. Maximum values listed are measured vaiues.
TEC = Toxicity equivalency concentration based on method of Barnes et al., 1989.

Note: D is designation of chemical on histogram (Figure 3-1) of the parcent of sites with concentrations abave detection.
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The maximum levels of the four most frequently detected compounds and 1,2,3,7,8 PeCDF
were greater than 100 ppt . The highest mean and median concentrations were for 2,3,7,8 TCDF
at 13.6 and 2.97 ppt, respectively.

The lower median value retlects the lognormal 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 1,2,3,4,6,7.8 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 Equivalency 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 all individual congeners using 2,3,7.8, TCDD as the reference compound. EPA’s
interim method was used to determine TEC (Bames, 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 1989 interim method, the TEF was increased to 0.001. Consequently, TEC values may
be underreported 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 PeCDD:s (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 SO 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 3-5b). Levels of hepta- 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 0.01 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 3-3.
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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 0f2,3,7,8
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.

GEOGRAPHICAL 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 determined 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 former 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 0.51 pg/g, and TEC of 0.91 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 13 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 to the presence of additional congeners (Figure 3-8).

SOURCE CORRELATION ANALYSIS

Sources Located Near Highest 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 forms,
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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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 31 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 concentration site (3078) for 2,3,7,8
TCDD is located near a Superfund site with known dioxin contamination. The fifth and highest
concentration site (3162) 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
Conc. Episode
pg/g (ppt) Number Type of Sample Location
203.6 3078 WB Sm Buffalo Bayou Meto, Jacksonville, AR
160.4 3425 WB Carp Wham Brake, Swartz, LA
143.3 3346 WB Creek Chubsucker Roanoke R., Plymouth, NC
104.1 3348 WB Blue Catfish Sampit R., Georgetown, SC
98.9 3340 WB Channe! Catfish Leaf R., New Augusta, MS
2,3,7,8 TCDF
Conc. Episode
pg/g(ppt) Number Type of Sample Location
403.9 3162 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 2721 WB Sucker Androscoggin R., Tumer Falls, ME

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 contamina-
tion, chemical manufacturing plants, automobile manufacturing, a refinery, and an incinerator.
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Penta-Dioxins/Furans

The sites with the highest 10 percentile concentrations for 1,2,3,7.8 PeCDD were near a
variety of sources. Sites near paper mills using chlorine for bleaching accounted for 13 out of the
39 sites. Sites near Superfund waste disposal areas accounted for 8 sites, 4 were tormer 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

Conc. Episode
pg/g (ppt) Number Type of Sample Location
53.9 3355 WB Carp Old Mormon Slough, Stockton, CA
27.2 3098 WB White Sucker Red Clay Cr., Ashland, DE
224 3141 WB Carp Milwaukee R., Milwaukee, WI
15.9 3162 Hepatopancreas Crab Hylebos Waterway, Tacoma, WA
14.3 2290 WB Spotted Sucker Savannah R., Augusta, GA

The highest concentration was from a site located on the 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 (1,2,3,4,7,8 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 mills. 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 (19 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 (although other industries
were often present). As shown below, three of the top five sites for both of these congeners are the
same (3162, 3163, and 3085).
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1,2,3,7,8 PeCDF

Con. Episode
pg/g(ppt) Number Type of Sample Location
120.3 3162 Hepatopancreas Crab Hylebos Waterway, Tacoma, WA
68.4 3163 Hepatopancreas Crab Commencement Bay, Tacoma, WA
543 3206 Crayfish Willamette R., Portland, OR
20.3 3085 PF Back Drum Brazos R. Freeport, TX
17.2 2290 WB Spotted Sucker Savannah R., Augusta, GA
2,3,4,7,8 PeCDF
Conc. Episode
peg/g (ppt) Number Type of Sample Location
56.37 3162 Hepatopancreas Crab Hylebos Waterway, Tacoma. WA
45.51 3085 WB Sea Catfish Brazos River, Freeport, TX
42.58 3299 WB White Sucker Niagara River, N. Tonawanda, NY
34.48 3163 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/Furans

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, 3167, and 3185) 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 toc 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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TABLE 3-3

Location of Maximum Measured HxCDD and HpCDD Concentrations in Fish Tissue

Maximum
Concentration Episode
Compound pg/g Number Type of Fish Location
123478 HxCDD
(375 sites)* 37.6 3355 WB Carp 0Old Momon Slough, Stockton, CA
14.3 3167 WP Bluegill Medlins Pond, Morrisviile, NC
11.6 2304 WB Carp Alabama R., Claibomne, AL
9.9 3092 WB Carp Dugdemona R., Hodge, LA
8.7 3444 WB Carp Nonconnah Creek, Memphis, TN
123678 HxCDD
(375 sites) 1009 2290 WB Spotted Sucker Savannah R., Augusta. GA
89.1 3355 WB Carp Old Mommon Slough, Stockton, CA
50.8 3185 WB Channel Catfish Bemard Bayou, Gulfport, MS
473 3377 WB Carp Chauahoochee R., Franklin, GA
419 3376 WB Carp Chattahoochee R., Whitesburg, GA
123789 HxCDD
(375 sites) 248 3355 WB Carp 0Old Mormon Slough, Stockton, CA
9.5 3185 WB Channel Catfish Bernard Bayou, Gulfport, MS
85 3167 WP Bluegill Medlins Pond, Morrisville, NC
7.8 3377 WB Carp Chattaboochee R., Franklin, GA
6.8 3098 WB White Sucker Red Clay Cr., Ashland, DE
1234678 HpCDD
(354 sites) 249.1 3355 WB Carp 0O1d Mommon Siough, Stockton, CA
171.0 3377 WB Carp Chattahoochee R., Franklin, GA
150.8 3444 WB Carp Nonconnah Creek, Memphis, TN
141.2 2290 WB Spotted Sucker Savannah R., Augusta. GA
138.1 3376 WB Carp Chattahochee R., Whitesburg, GA

* Number shown 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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Maximum
Concentration Episode

TABLE 3-4
Location of Maximum Measured HxCDF and HpCDF Concentrations in Fish Tissue

Compound PEL Number Type of Fish Location
123478 HxCDF
(379 sites)* 453 3162 Hepatopancreas Crab  Hylebos Waterway, Tacoma, WA
379 3297 WB Carp Niagara R., Niagara Falls, NY
34.3 2410 WB Carp Rouge R., River Rouge, Ml
30.8 3299 WB  White Sucker Niagara R., N. Tonawanda, NY
20.0 3086 WB Catfish Bayou D’Inde, Sulfur, LA
123678 HxCDF
(379 sites) 309 3162 Hepatopancreas Crab  Hylebos Waterway, Tacoma, WA
16.2 3085 WB  Sea Catfish Brazos R., Freeport, TX
14.0 3301 WB Carp Eighteen Mile Cr., Olcott, NY
13.8 3297 WB Carp Niagara R., Niagara Falls, NY
13.1 3355 WB Carp 0O1d Mormon Slough, Stockton, CA
123789 HxCDF
(377 sites) 0.96 3085 WB  Sea Catfish Brazos R., Freeport, TX
0.51 3150 WB  White Sucker Otter R., Baldwinville, MA
0.4 3112 WB Carp Mississippi R., Little Falls, MN
0.41 3107 WB Carp Wiscoasin R., Brokaw, W1
0.23 3206 Crayfish Willamette R., Portland, OR
234678 HxCDF
(379 sites) 193 3167 WP  Bluegill Medlins Pond. Morrisville, NC
11.8 3185 WB  Channel Catfish Bernard Bayou, Gulfport, MS
9.6 2290 WB  Spotted Sucker Savannah R., Augusta, GA
8.4 2225 WB Shocthcad Redborse  James R., Glasgow, VA
7.8 2383 WB Carp Des Plaines R., Lockport, IL
1234678 HpCDF
(353 sites) 583 3167 WP  Bluegill Medlins Pond, Motrisville, NC
29.4 3185 WB Channel Catfish Bemard Bayou, Gulfport, MS
25.7 3086 WB Catfish Bayou D'inde, Suifur, LA
254 33ss WB Carp Okl Mormon Slough, Stockton, CA
16.4 337 WB Carp Chattahoochee R., Franklin, GA
1234789 HpCDF
(353 sites) 2.57 3355 WB Carp Old Mormon Slough, Stockton, CA
1.76 3206 Crayfish Willamette R., Portland, OR
1.26 3085 WB  Seca Catfish Brazos R., Freeport, TX
097 3377 WB Carp Chattahoochee R., Franklin, GA
0.91 3376 WB Carp Chattahoochee R., Whitesburg, GA

* Number shown 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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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 (PPNCY); sites near former or existing wood preserving plants (WP); sites near industrial
orurban areas (IND/URB); sites near industrial areas that include refineries with catalytic reforming
operations (R/I); sites that could be influenced by runoff from agricultural areas {AGRI); and sites
near publicly owned treatment works (POTWSs). The two broad categories, industry/urban and
refineries/other 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 (POTWs 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 B 34
USGS NASQAN NSQ 40
Paper Mills using Chlorine PPC 78
Other Types of Pulp and Paper Mills PPNC 27
Wood Preserving Plants WP 11
Refineries/Other Industries R/ 20
NPL (Superfund Sites) NPL 7
Industry/Urban IND/URB 106
Agriculture AGRI 19
Publicly Owned Treatment Works (POTW) POTW 11
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Statistical Comparison Tests

To compare observed concentrations between site categories, box and whisker plots were
prepared for the tetra- and penta-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 10th percentile
and up to the 90th percentile. The circles above or below the line represent the extreme upper and
lower 10 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 determining 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-Wallis 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., highest = 1, next highest = 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 agricuitural 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 0.0S, the null hypothesis was rejected (i.e., the two categories being
compared are significantly different).

Site Category Comparisons
Tetra -Dioxins/F.

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 3-10). 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 TCDD 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 0.06-2.26 0.56 0.38 0.50
Paper Mills Using Cl (PPC) 78 0.55-160.4 19.02 30.64 5.66
Other Paper Mills (PPNC) 27 0.48-7.15 2.17 2.21 1.09
Refinery/Other Industry (R/l) 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) 11 0.21-7.30 1.40 2.08 0.56
IndustrialUrban Sites (IND/URB) 105 0.10 - 56.34 4.04 8.05 1.40
POTW 8 0.18-2.24 0.90 0.76 0.63
Agricuttural (AGRI) 17 0.20-1.78 0.75 0.39 0.58

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 3-10. Box and whisker plot for 2,3,7,8 TCDD concentrations in fish tissue.
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Table 3.5
Mann-Whitney U Test Results for Dioxins Furan Comparing Selected Source Categories

Kruskal-Wallis Mann-Whitney
IND/URB,R/L,
All Groups NPL, I'PC, Prc, INw/ rrc
Chemical Except NSQ PENC, WP rec, s PrPC, WP PPC, PPNC PPC, R/ PIPPC,NPL._ URB POTW_ PPPC, AG
2,3,7.8-TCDD 0001 0001 D001 0001 0001 0032 0348 0001 0001 .0001
2,3,7,8-TCDF 0001 0001 0001 000t 0001 0001 053} 0001 0001 0001
2,34,7.8-PcCDF 0001 .0003 0001 0004 0099 0881 3538 4096 0002 0001
1,2,3,7,8-PeCDF 0001 0352 0001 0252 07719 3733 5650 2948 0065 .0005
1,2,3,7,8-PcCDD 0001 0871 0001 0274 1021 4890 9809 1389 0225 0025
HxCDDs 0001 3496 0001 1299 6976 377 1311 0493 0003 0044
HxCDFs 0013 4981 0007 7553 1166 2724 .8479 9612 0220 249
TEC 0001 0001 0001 0003 0001 0400 1692 0001 0001 0001

Mann-Whitney

WP, IND/ wP,

Chemical wP,B WP, PPNC WP, /I WP, NPL URB POTW WP, AG
2,3,7,8-TCDD 0961 1567 0132 0515 6102 8365 8878
2,3,7,8-TCDF 1956 0021 0118 0098 0002 4090 1263
2,3,4,7,8-PeCDF 1780 1303 0002 0032 0053 4328 6381

1,2,3,7.8-PeCDF 3485 2337 0036 0236 0077 2831 4517
1,2,3,7,8-PeCDD 7760 2337 0219 1473 0846 2831 9250
HxCDDs 0617 3424 2477 2976 5406 0265 5885

HxCDFs 1115 5302 4090 8919 7808 1604 2690
TEC 1696 0974 0287 0774 0215 5633 9250

e ]

Values shown are (wo-tail probabilities that groups arc different. The critical level was sct at 0.05. If p<0.05, the categories were considered to be significantly different.

Site C .

IND/AURB =  Industry and/or Urban NSQ = National ambicnt stream monitoring network. {This designation is independent of source calegones. )
AG =  Agriculwre wp = Wood preserving related activities

B =  Background PPC = Paper and pulp mills using chlonne for blcaching

NPL =  National Priority List (Supcrfund siic} PPNC = (Onther paper and pulp mills including deinking plants

POTW = Publicly Owned Treatment Works (scwage)

RA Refines using catalyuc reforming process and other industry
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plot for combined dioxins/furans based on TEC values (Figure 3-11) 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.

Penta-Dioxins/F.

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 for either of these penta-furan congeners. 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/F

For hexa-dioxins the highest median concentration, 3.19 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, industrial/urban 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 industrial/urban 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 pg/a Mean Stan. Dev. Median
NASQAN (NSQ) 40 ND- 7.18 1.12 1.87 0.16
Background (B) 34 ND- 3.02 0.59 09 0.21
Paper Mills Using C! (PPC) 78 0.4-184.24 25.84 36.90 10.62
Cther Paper Mills (PPNC) 27 ND-28.9 5.70 7.50 2.39
Refinery/Other Industry(R/) 20 ND- 30.22 8.89 8.64 6.81
Superfund Sites (NPL) 7 0.13-213.05 33.86 79.06 4.36
Wood Preservers (WP) 11 0.01-24.84 4.34 8.36 0.43
Industrial/Urban Sites (IND/URB) 105 ND- 61.07 7.79 12.54 3.26
POTW 8 0.03-2.24 0.70 0.92 0.12
Agricuttural (AGR!) 17 ND-4.44 1.02 1.19 0.79

ND = TEC value not determined because all values below detection. Maximum value at each site was used.

Sites were assigned to only one category.

Figure 3-11. 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 Category n pyq Mean Stan. Dev. Median
NASQAN (NSQ) 40 0.19 - 16.61 2.1 3.66 0.68
Background (B) 34 0.10 - 13.73 161 2.51 0.90
Paper Mills Using Cl (PPC) 78 0.26 - 320.69 39.20 66.18 14.04
Other Paper Mills (PPNC) 27 0.25 - 55.75 6.42 10.72 3.61
Refinery/Other Industry (R1) 20 0.24 - 23.36 3.62 5.16 1.91
Superfund Sites (NPL) 7 0.56 - 21.23 7.23 8.62 348
Wood Preservars (WP) 10 0.18 - 8.84 1.31 254 0.39
IndustriallJrban Sites (IND/URB) 105 0.24 - 61.58 5.93 9.49 2.90
POTW 8 0.24 - 2.00 0.94 0.72 0.78
Agricultural (AGRI) 17 0.19 - 19.28 2.21 452 0.84

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

Figure 3-12. Box and whisker plot for 2,3,7,8 TCDF concentrations in fish tissue.
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Summary Table for 1,2,3,7,8 PeCDD Box Plot
Concentration
Range
Site Category n Pg/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 0.36-5.41 1.53 1.24 .90
Background (B) 33 0.15-2.67 0.77 0.54 0.54
Paper Mills Using CI (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/Cther tndustry (R/i) 20 0.46-16.80 3.28 417 1.35
Superfund Sites (NPL) 7 0.46-12.62 3.01 434 1.00
Wood Preservers (WP) 1 0.28-11.50 2.01 3.51 0.52
Industrial’/Urban Sites (IND/URB) 105 0.20-27.56 2.32 3.93 1.08
POTW 8 0.46-0.88 0.75 0.18 . .84
Agricultural (AGRI) 17 0.46-3.54 0.92 0.84 0.62

n = number of sites in category. Maximum value at each site was used. One-hatf 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.
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Summary Table for 1,2.3,7,8 PeCDF Box Plot
_
Concentration
Range
Site Category n _pPg/g Mean Stan. Dev.  Median
NASQAN (NSQ) 40 0.16 - 189 0.48 033 039
Background (B) 34 0.10-1.90 0.43 0.31 0.39
Paper Mills Using Ci (PPC) 78 0.30-9.08 143 1.88 0.58
Other Paper Mills (PPNC) 27 0.22-3.09 0.80 0.83 0.40
Refinery/Other Industry (RN) 20 0.38-447 1.18 1.07 0.66
Superfund Sites (NPL) 7 039-296 1.18 0.97 071
Wood Preservers (WP) 10 039-13 0.51 0.28 0.39
IndustriallUrban Sites (IND/URB) 104 0.13-54.32 1.73 574 0.50
POTW B 0.16 - 0.51 0.38 0.10 0.38
Agricultural (AGRI) 7 0.20- 0.89 043 0.18 0.38

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

Figure 3-14. Box and whisker plot for 1,2,3,7,8 PeCDF concentrations on fish tissue.
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Summary Table for 2,3,4,7.8 PeCDF Box Plot

Concentration
Range
Site Category n bg/g Mean_ Stan. Dev. Median
NASQAN (NSQ) 40 0.16 - 4.1 0.78 0.79 0.46
Background (B) M4 0.10 - 1.39 0.50 0.36 042
Paper Mills Using Ct (PPC) 78 0.25 - 20.14 292 4.04 1.37
Other Paper Mills (PPNC) 27 0.40 - 10.21 1.71 2.55 0.59
Refinery/Other Industry (R/1) 20 0.42-33.25 5.44 7.86 2.32
Superfund Sitas (NPL) 7 048 - 7.53 2.93 237 2.73
Wood Preservers (WP) 10 0.42-143 0.63 040 042
IndustrialUrban Sites (IND/URB) 104 0.13 - 45.51 4.09 8.27 0.98
POTW 8 0.16 - 0.59 0.42 0.13 0.44
Agricultural (AGRI) 17 0.15 - 1.02 053 0.26 0.42

n = number of sites in category. 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 for 2,3,4,7,8 PeCDF concentrations in fish tissue.
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Summary Table for Total HxCDDs Box Plot

Concentration
Range
Site Category n PY/g Mean Stan. Dev. Median
NASQAN (NSQ) 37 ND -13.91 1.73 2.94 0.51
Background (B) 30 ND - 3.57 0.39 0.80 ND
Paper Mills Using C| (PPC) 78 ND - 4298 4.68 6.66 3.19
Cther Paper Miils (PPNC) 27 ND - 63.35 9.23 16.77 1.25
Refinery/Other Industry(R/) 20 ND - 35.17 5.54 9.75 1.97
Superfund Sites (NPL) 7 ND -9.07 2.96 2.99 1.94
Wood Preservers (WP) 1 ND -60.10 7.04 17.90 0.71
Industrial’/Urban Sites (IND/URB) 100 ND-28.4 3.60 5.49 1.14
POTW 7 ND ND ND ND
Agricuitural (AGRI) 17 ND-13.79 1.63 3.38 0.44

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

Figure 3-16. Box and whisker plot for total HxCDDs conceatrations in fish tissue.
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Summary Table for Total KxCDFs Box Pilot
Concentration
Range
Site Category n pg/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND -5.11 0.58 1.21 ND
Background (B) 29 ND - 2.59 0.22 0.66 ND
Paper Mills Using Cl (PPC) 78 ND - 16.75 1.74 311 0.34
Other Paper Mills (PPNC) 27 ND - 1293 1.94 4.16 ND
Refinery/Other industry(R/l) 20 ND - 22.46 3.69 5.76 1.05
Supertund Sites (NPL) 7 ND - 6.08 1.22 2.22 0.41
Wood Preservers (WP) 1 ND - 40.1 442 11.92 ND
Industrial/Urban Sites {(IND/URB) 103 ND - 51.76 3.67 9.49 0.48
POTW 8 ND -0.35 0.04 0.12 ND
Agricultural (AGRf) 17 ND - 3.01 0.31 0.78 ND

n = number of sites in category. Maximum value at each site was used. Sites were assigned to only one
category. ND = 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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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 xenobiotics™ 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
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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.

C, Volume II. Th1s mformatlon mcludes physncal/chemlcal 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 II. The
number of samples taken and analyzed by site can be determined by counting the samples for a

gnrs-n cite (pnvcndp number) in the datatables (Annendix D). Volume IT). The number of fish in each
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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 (Tabie B-3, Appendix
B, in Volume 1 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 10 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 SO percent of the sites. All the compounds were detected in samples from at
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least one site. The compounds detected at more than 50 percent of the sites, at 10 to SO percent of
the sites, and at less than 10 percent of the sites are as foilows:

n
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TABLE 4-1

Summary of Xeacobiotic Compounds in Fish Tissue
Peccent of
Sites Whete Standaid Total Number
Chemicat Detectod Max * Mean" Deviation NMedian® of Sites
{Units are nglg }

,EDDE 888 14028 295.28 97266 58 2% b2
Nercury 922 1220 260 a.28 170 ar4
Toal PLBs 94 124192 1897 88 7T B 20478 362
Buphenyl 93.8 131 221 10.4 054 362
Nonachioy, Trans 771 477 3t.24 5692 522 362
Chiordane, tis 64.1 374 2108 42.76 3.66 w2
Pentachioroanisole 544 647 10.77 52.06 0.92 362
Chiosdane, Trans 610 N 16.68 36.74 268 362
Ohaldrin §0.2 450 28,14 58.37 416 382
Alpha-BHC 55.0 q4.4 2.41 4.53 D712 362
124 Trichlorabenzens 53.3 264 8 3.0 19.414 0.14 362
Hexachiorobanzene 456 A3 580 43.79 ND Ky 4
Gamma-BHC 42.3 B3 270 7.07 ND as2
123 Yrichlorobenzene 425 €9 .27 557 ND 362
Mitex J7.8 225 185 17.74 ND 362
Nonachlar, ¢is a5.1 127 377 17.94 NGO 362
Oxychlordans 213 243 A.75 17.76 NO 362
Chiacpyrifos 262 344 4.09 20.16 ND 82
Pertachiorobenzene 22.1 125 1.18 79 ND 382
Heptachior Epoxide 15.7 63.2 299 7.36 AND 382

Pg‘_erofot 145 743 0.98 518 ND as2
1234 Tetcachlorobenzene 13.0 75.65 0.47 4.23 ND 352
Tritluralin 1.8 458 5.98 32.0% NO 362
135 Trichlacabenzane 11.0 14.9 D2 0.95 1308 382
Endvrin 10.50 162 t.59 11.22 NO 3462
1235 TECB 9.40 28.3 0.34 21 ND 362
Octachlarastyrene 9.? 138 1.71 9.9 ND 6z
1245 TECR .1 28.3 0.33 208 ND 62
Methoxychior 72 393 1.32 20.68 ND 362
isopropalin 38 3r.5 0.46 2.96 NO 362
Nitrolen 28 7.9 917 142 NO 362
Hexachliorobutadiens 2.8 164 0.57 872 ND A62
Heplachior 2.21 76.2 0.35 4.2 ND be
Parthans 1.4 532 8.03 0.35 ND 62
Pemtachioronitiobenzane 1.1 15.5 .09 t.1 ND B2
Diphenvi Disultios 0.6 .24 0.02 0.22 ND 382

Note: D is designation of chemicai on histogram (Figuss 4-1)

In casas where multipls sampies were analyzed per site, the vaiue ysed repiesents the highest concentration.
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Percent of Sites with Detected Levels

o > g &
p,p DDE
Biphenyl
Mecury
Total PCBs

Nonachlor, trans
Pentachloroanisole
Chlordane, cis
Chlordane, trans
Dieldrin

Alpha-BHC

124 Trichlorobenzene
HCB

123 Trichlorobenzene
Gamma-BHC

Mirex

Nonachlor, cis
Oxychlordane
Chlorpyrifos
Pentachlorobenzene
Heptachlor Epoxide
Dicofol

1234 Tetrachlorobenzene
Trifluralin

" 35 Trichlorobenzene
Endrin

1235 Tetrachlorobenzene
Octachlorostyrene
1243 Tetrachlorobenzene
Methoxychlor
Isopropalin

Nitrofen
Hexachlorobutadiene
Heptachior

Perthane

PCNB

Diphenyl Disulfide
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More than 50 Percent

10 to 50 Percent

Less Than 10 Percent

of the Sites of the Sites of the Sites
Total PCBs Hexachlorobenzene Octachlorostyrene
Biphenyl 1,2,3 Trichlorobenzene 1,2,4,5 Tetrachlorobenzene
Mercury Pentachlorobenzene 1,2,3.5 Tetrachlorobenzene
Pentachloroanisole 1,2,3,4 Tetrachlorobenzene Hexachlorobutadiene
1,2,4 Trichlorobenzene 1,3,5 Trichlorobenzene Diphenyl Disulfide
Pesticides: Pesticides/Herbicides: Pesticides/Herbicides:
DDE gammau—BHCl Methoxychlor
trans-Nonachlor Mirex Isopropalin
cis-Chlordane cis-Nonachlor Nitrofen
trans-Chlordane Oxychlordane Heptachlor
Dieldrin Chlorpyrifos Perthane
alpha-BHCl Heptachlor Epoxide Pentachloronitrobenzene
Trifluralin
Dicofol
Endrin

Mean fish tissue concentrations were highest for total PCBs and p,p"-DDE at 1890 and 295
ng/g, respectively (Table 4-1). These two compounds were also detected at over 90 percent of the
sampled sites. Mean concentrations of trans-nonachlior and dieldrin were the next highest at 31 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 at a large percentage of sites
(91 percent), but the levels at most sites were low. Only 12 percent of the sites had biphenyl
concentrations above the quantitation level (2.5 ng/g).

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.

t Alpba-BHC and gamma-BHC {or Lindane) are formally known as a-hexachlorocyclohexane and
v-bexachlorocyclobexane, respectively. The former chemical designations are used in this document.
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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 17
Wood Preserving Plants WP 11
Refinenies/Other Industries R/ 5
NPL (Superfund Sites) NPL 6
Industry/Urban IND/URB 35
Agriculture AGRI 19
POTW POTW 8

COMPOUNDS DETECTED AT MORE THAN 50 PERCENT OF THE SITES?
Total PCBs

Total PCBs were detected at over 91 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 1974, 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 10 substituted chlorines show that the
median fish tissue concentration was highest for hexachlorobiphenyl followed by pentachioro-
biphenyl (Table 4-2). Total PCBs in this study refers to the sum of the concentrations of compounds
with 1 to 10 chlorines. Concentrations of specific Aroclor or mono-ortho substituted compounds
were not determined in this study. PCBs were detected in all parts 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:

2 Four chemicals found at less than 50 percent of the sites are presented in this section to facilitate their discussion.
These are gamma-BHC: 1,2,3 trichlorobenzene; cis-nonachlor; and oxychlordane.
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Figure 4-2. Total PCBs: a) cumulative frequency distribution and b) map of geographical
distribution of various concentration ranges in fish tissue.



TABLE 4-2
Summary of PCBs in Fish Tissue

Percent of
Sites Where Standard Totat Number
Chemical Detected Max* Mean* Deviation Median* of Sites
Total Hexachlorobiphenyl 88.7 8862 355.93 867.13 76.85 62
Total Pentachiorobiphenyi 86.7 29578 564.70 1993.521 72.4 362
Total Tetrachlorobiphenyl 72.4 60764 696.23 3647.97 23.09 362
Total Heptachlorobipheny! 69.1 1850 96.71 209.98 16.85 362
Total Trichlorobipheny! 57.5 18344 149.80 1024.59 2.09 362
Total Octachicrobipheny! 348 593 17.37 52 NO 362
Total Dichlorobiphenyl 0.7 5072 2143 267.74 ND 362
Total Monochlorobiphenyl 138 235 1.22 12.56 ND 362
Total Decachlorobipheny! 3.3 295 0.44 3.08 ND 362
Total Nonachlorobiphenyl 9.7 413 3.04 25 ND 362
Total PCBs 91.4 1897.88 75578 208.78 362

“Concentrations are nanograms per gram (ng/g) or parts per billion { ppb) by wet weighl. In cases where multiple samples were analyzed per site, the value used represents the
highest concentration.




PCBs

Conc. Episode
ng/g Number _ Type of Fish Location
124192 3259 WB Sucker Hudson R., Fort Miller, NY
29130 2429 WB Carp Fox R., Depere Dam, WI
25240 3134 WB Sucker Manitowoc R., Chilton, WI
24118 3182 WB Carp Mud R., Russellville, KY
23809 3142 WB Carp Sheboygan R., Kohler, WI

PCB contamtnation 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 information which,
if any, of these sources can be identified as the cause of each of the next three highest PCB
concentrations. Sources tn 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 10 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 12 of
the top 10 percentile sites including five Superfund sites. The remaining top 10 percentile sites
were located near industrial facilities including chemical and automobile manufacturing plants,
foundries, refineries, and paper mills. Two of the sites in the top 10 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

Biphenyl was detected at a large percentage of the sites (91.4 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). Biphenyl is used in the manufacture of PCBs and is also a breakdown product of PCBs.
Biphenyl is also produced during the manufacturing of benzene and has other industrial uses as
well. The sites with the five highest concentrations are listed below:



20000

180004 °
160004
140004
3
£ 120004
[22]
S |
g 10000
fe!
2 8000 o °
60004 °
]
40004 7
2000{ [
o-——T‘ -~ = — ;
NSQ 8 PPC PPNC Rl
Summary Table for Total PCBs Box Plot
Concentration
Range
Site Cateqgory n po/g Mean_
NASQAN (NSQ) 39 ND - 7977 4491
Background (B) 20 ND - 480 469
Paper Mills Using CI (PPC) 39 ND - 17723 1247.0
Other Paper Mills (PPNC) 17 ND - 6061 1225.1
Refinery/Other Industry (R/l) 5 ND - 2974 833.5
Superfund Sites (NPL) 6 2.51-1075 491.0
Wood Preservers (WP) 10 ND - 1804 260.6
IndustrialiUrban Sites (IND/URB) K} 254 -12027 12779
POTW 6 ND - 1677 302.4
Agricultural (AGRI) 15 ND - 10684 97.4

:

]é__L_ﬁT

INDAURB POTW AGRI

Stan. Dev.

1408.9
108.7
31475
1739.5
1230.5
390.5
561.4
23749
674.3
274 1

Median

248
ND

293.2
483.7
349.3
525.2
38.6
213.2
22.2
86

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

Figure 4-3. Box and whisker piot for total PCBs in fish tissue.
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TABLE 4.3
Results of Statistical Tests for Selected Xenobiotics and Mercury

Kruskal-Wallis
All Groups AN Groups

Mann-Whitney

Except  Except NPL, PPC, PPNC, wP, B, AG, POTW, Al, RA, A1
Chemical NSQ NSQ, B IND IND IND IND IND IND IND Ri,B AG POTW IND
Pentachiocbenzene 7614 .6393 .8529 .1954 .6821 2246 1995 4121 3227 2088 2949 2733 .4368
1,2,3,4-Tetrachlorobenzene 8587 .7880 7417 .8872 3214 .9516 7723 5980 7108 2923 1904 2733 2254
1,3,5-Trichlorobenzene 9600 .9283 9180 .3206 .8886 .3624 5243 2917 4583 6836 5127 5839 9818
Total PCBs .0001 0012 .8368 .3848 9914 .0099 0001 .0001 0210 0324 0887 2012 9453
Biphenyl 6338 8390 7417 .8685 8716 3164 0842 2275 5640 9458 8273 6481 2723
Mercury 0222 .0203 .3706 .5909 .8297 0177 0489 .0975 0017 6256 .5705 0828 0470
1,2.4-Trichiorobenzene  .0645 0550 9016 0228 7876 0709 1590 2759 7262 2623 .3827 7150 8369
Hexachlorobenzene .0970 1176 .4836 .0164 .1996 0210 0167 .4968 0580 0832 4581 1207 8014
1,2,3-Trichiorobenzene 3530 2811 3127 4214 0511 .4038 8094 .8697 2840 6836 .7600 2733 7837
Pentachloranisole 0473 1979 6356 .4079 .1036 2486 0613 2321 7262 1968 2752 8551 6974
Kruskal-Wallis Mann-Whitney

PPC, PPNC WP, WP, PPC, POTW, POTW, POTW, POTW,
Chemical R/LLNPL,IND PPC PPNC PPNC PPC NPL R/A WP
Total PCBs .8058 — — — — — — —
Pentachloranisole — 1181 .0350 .2256 — — — —
Mercury — - — — .0158 .1093 .0828 .0562

e e e ———

Values shown are two-tail probabilities that groups are differert. The critical level was set at 0.05. If p<0.05, the categories were considered to be significantly different.

INDAURB Industry and/or Urban

AG =  Agricuiture

B =  Background

NPL = National Priority List (Supestund site)
POTW = Publicty Owned Treatment Works (sewage)
RN =

PPNC
Refineries using catalytic reforming process and other industry

Nationat ambient stream quality monitoring network. (This designation is
independent of source categories.)

Wood preserving related activities

Paper and pulp mills using chlorine for bleaching

Other paper and pulp mills including deinking plants

L]
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Figure 4-4. Biphenyl: a) cumulative frequency distribution and b) map of geographical
distribution of various concentration ranges in fish tissue.
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Biphenyl

Conc. Episode
g ’ tion
131.7 2654 WB Carp 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
S3.8 3118 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 biphenyl (Figure 4-5) shows that Superfund sites had
the highest median concentration, 0.76 ng/g. A Kruskal-Wallis test for all categories except
NASQAN 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, thermostats, 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 ug/g with 2 percent of the sites greater than
1 ng/g (Figure 4-6a); most of the higher concentrations were in the Northeast (Figure 4-6b). The
highest concentration was on the Wisconsin River near Boom Bay at Rhinelander, Wisconsin. The
sites with the five highest concentrations are given below:
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Summary Table for Biphenyl Box Piot
Concentration
Range
Site Category _n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-75.6 2.51 12.04 0.49
Background (B) 20 ND-1.04 0.42 0.30 0.38
Paper Mills Using Cl (PPC) 39 ND-70.6 3.18 11.36 0.54
Other Paper Mills (PPNC) 17 ND-3.35 0.87 0.87 0.61
Refineries/Other Industry (R/1) 5 ND-0.98 0.44 0.40 0.43
Superfund Sites (NPL) 6 ND-2.7 0.97 1.09 0.76
Wood Preservers (WP) 10 ND-1.5 0.60 0.60 0.45
IndustrialVUrban Sites (IND/URB) K} ND-32.8 2.56 6.38 0.68
POTW 6 0.1-0.79 0.55 0.24 0.63
Agricuttural (AGRYI) 15 ND-1.11 0.48 0.31 0.53

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

Conc. Episode
— ug/g(ppm) Number  TypeofSample Location =~ =~
1.77 2397 PF Walleye Wisc. R/Boom Bay, Rhinelander, WI
1.66 3259 PF Lm Bass Hudson R., Fort Miller, NY
1.63 2027 PF L m Bass Kiamichi R., Big Cedar, OK
1.40 3122 WB Carp Menominee R., Quinnesac, MI
1.13 2290 PF Lm Bass 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 determine sources of mercury contamination.
Industnal facilities 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 industnal areas. Sources could
not be identified at all of these sites. 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 (0.61 pg/g) was for
POTWs (Figure 4-7). The remaining median values had a relatively small range with the lowest
being background at 0.09 ng/g and the highest being refinery/other industry at 0.24 ug/g.

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 Mercury Box Plot

Concentration
Range
Site Category n Hg/q Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND- 0.98 0.29 0.25 0.23
Background (B) 21 ND- 1.77 0.34 0.40 0.16
Paper Mills Using Cl (PPC) 40 ND- 1.4 0.26 0.33 0.12
Other Paper Mills (PPNC) 17 ND - 0.46 0.16 0.15 0.09
Refinery/Other Industry (R/1) 5 0.08 - 0.49 0.29 0.16 0.24
Superfund Sites (NPL) 8 ND- 0.89 0.28 0.32 0.22
Wood Preservers (WP) 11 0.06 - 0.88 0.31 0.24 0.21
Industrial/Urban Sites (IND/URB) 33 ND- 0.72 0.15 0.14 0.12
POTW 6 0.12- 0.98 0.59 0.30 0.61
Agricultural (AGRI) 15 ND - 0.82 0.27 0.24 017

n = number of sites in category. ND's set at 0.
Maximum 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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Pentachloroanisole

Conc. Episode
—ng/g  Number TypeofFish Location
647 3375 WB Carp Chattahoochee R.. Austell, GA
570 3185 WB Channel Catfish Bernard Bayou, Gulfport, MS
334 3376 WB Carp Chattahoochee R., Whitesburg, GA
240 2618 WB Quillback Hamilton Canal, Hamilton, OH
187 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 10 percentile)
were located near Superfund 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 1,2,4 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-
10a,b). The two compounds are used in a variety of industrial applications including 1,2,4 TCB as
a solvent and dielectric fluid and 1,2,3 TCB as a coolant in electrical installations, in the production
of dyes, and in products to control termites. 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:

1,23 TCB
Conc. Episode
ng/g Number Tvpe of Fish Location
69.0 2056 WB Carp Ohio R., West Point, KY
549 3097 PF Brown Bullhead Red Lion Cr., Tybouts Comer, DE
30.2 3164 WB Carp Haw R., Saxapahaw, NC
26.8 3376 WB Carp Chattahoochee R., Whitesburg, GA
24.8 2341 WB Carpsucker Ohio R., Markland, KY
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Summary Table for Pentachioroanisole Box Piot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND - 46.8 3.75 8.48 0.33
Background (B) 20 ND - 3.33 0.59 1.14 ND
Paper Mills Using CI (PPC) 39 ND - 85.1 5.46 14.32 0.77
Other Paper Mills (PPNC) 17 ND - 334 33.10 89.53 1.67
Refinery/Other Industry (R/I) 5 ND - 13.2 4.21 5.97 0.32
Superfund Sites (NPL) 6 ND - 2.99 1.00 1.39 0.22
Wood Preservers (WP) 10 ND - 4.47 0.86 1.46 ND
Industrial/Urban Sites (IND/URB) 31 ND -13 2.44 3.88 0.42
POTW 6 ND - 24.20 442 9.72 0.16
Agricultural (AGRI) 15 ND - 7.31 1.18 2.34 ND

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

Figure 4-9. Box and whisker plot for pentachloroanisole in fish tissue.
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1,2,4 TCB

Conc. Episode
ng/g Number ['vpe of Fish Location
264.8 2654 WB Carp Toms R., NJ
191 2056 WB Carp Ohio R., West Point, KY
104 2290 WB Spotted Sucker Savannah R., Augusta, GA
103.8 3097 PF Brown Bullhead Red Lion Cr., Tybouts Comer, DE
80.4 3411 WB Redhorse Sucker  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 (3181, 3097, 2654).
Two sites are near paper mills (3376, 2290), one is near a chemical manufacturing plant (3411), and
the remaining two are near agricultural/rural areas. For 1,2,4 TCB, nine of the highest 36 sites were
near Superfund sites. Chemical manufacturing facilities are near 12 of the sites and paper mills near
another six sites. Distribution ot 1,2,3 TCB and 1,2,4 TCB is shown in Figures 4-11 a,b. The
highest mean concentration for 1,2,3 TCB is 2.2 ng/g from nonchiorine paper mills and for 1.2,4
TCB is 3.2 ng/g for sites in the industrial/urban category (Figures 4-12 and 4-13).

Pesticides/Herbicides

DDE

The most frequently detected xenobiotic compound was p,p” -DDE at 98.6 percent of the
sampied sites (Figure 4-14a). DDE is a metabolic breakdown product of the widely-used pesticide
DDT. The geographic distribution of fish tissue concentrations (Figure 4-14b) shows the
widespread occurrence of DDE, which is consistent with historic pesticide use patterns of DDT (see
protile in Appendix C). The prevalence of DDE at a large number of sites, even though use of DDT
was banned in 1972, is consistent with its persistence in the aquatic environment and its high
bioaccumulation potential. The concentrations of DDE found at the top 5 out of 362 sites sampled
are listed below:

p.p’ -DDE
Conc. Episode
nglg Number Type of Fish Location
14028 33158 WB Carp Union Canal, Lebanon, PA
8708 3282 WB Carp Alamo R., Calipatria, CA
3221 3084 WB Channel Catfish Arroyo Colorado, Harlingen, TX
3214 3212 WB Carp Owyhee R., Owyhee, OR
2493 3231 WB Carp Yakima R., Richland, WA
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Figure 4-11. Map of geographical distribution of various concentration ranges for a) 1,2,3
trichlorobenzene and b) 1,2,4 trichlorobenzene in fish tissue.
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Summary Table for 1,2,3-Trichlorobenzene Box Plot
Concentration
Range
Site Category N po/g Mean Stan. Dev.  Median
NASQAN (NSQ) 39 ND-26 0.39 067 ND
Background (B) 20 ND - 0.69 0.14 6.22 ND
Paper Mills Using Cl (PPC) 39 ND - 3.92 0.42 0.98 ND
Other Paper Mills (PPNC) 17 ND - 26.8 225 6.46 0.16
Refinery/Other Industry (R/l) 5 ND - 0.51 0.10 0.23 ND
Supertund Sites (NPL) 6 ND - 5.34 1.13 2.1 0.16
Wood Preservers (WP) 10 ND - 0.29 0.03 0.09 ND
IndustrialUrban Sites (IND/URB) K} ND - 4.77 0.43 1.12 ND
POTW 6 ND - 2.60 0.83 1.05 0.51
Agricultural (AGRY) 15 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 1,23 tricholorbenzene in fish tissue.
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Summary Table for 1,2 4-Trichlorobenzene Box Plot
Concentration
Range

Site Category n pa/q Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND - 1.97 0.36 0.55 ND
Background (B) 20 ND - 0.47 0.17 0.19 0.08
Paper Mills Using Cl (PPC) 39 ND - 7.58 0.33 1.26 ND
Other Paper Mills (PPNC) 17 ND - 16.1 1.44 3.86 0.24
Refinery/Other Industry (R/l) 5 ND - 1.36 0.44 0.56 022
Superfund Sites (NPL) 6 ND - 3.12 0.70 1.23 0.12
Wood Preservers (WP) 10 ND - 0.42 0.07 0.14 ND
IndustrialUrban Sites (IND/URB) N ND - 80.4 324 14.36 0.20
POTW 6 ND - 1.97 0.64 0.73 0.54
Agricultural (AGRI) 15 ND - 2.46 0.28 0.62 0.09

n = number of sites in category. ND's set at 0. Maximum concentrations at sites were used.
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Figure 4-13. Box and whisker plot for 1,2,4 trichlorobenzene in fish tissue.
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Figure 4-14. p,p’-DDE: a) cumulative frequency distribution and b) map of geographical
distribution of various concentration ranges in fish tissue.
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The maximum DDE concentration was found in a whole-body carp sample from Union
Canal at Lebanon. Pennsyivania. near pesticide manufacturing plants. The other four sites are
located in agricultural areas.

Six of the highest 10 percentile sites (36 out of 362 sites) were also located in agriculturat
areas without industrial activities. Five of the sites were near Superfund sites. Most of the remaining
sites were located in industrial areas. The box plot (Figure 4-15) shows that the highest median
concentration was 201 ng/g for agricultural areas. Kruskal-Wallis tests (Table 4-4) comparing
agricultural 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, itself, is a chiorinated hydrocarbon that occurs in two forms—<is and trans.
The cis-isomer was detected at about 3 percent more sites than the trans-isomer (Figure 4-16 a.b,
¢). Prior to 1987, this compound was widely used for termite and ant control and for agricultural
uses such as dipping nonfood roots and tops. Also, prior to 1980 it was used to control insects on
a variety of crops including corn, grapes, and strawberries. At 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 10 percent in technical-grade chlordane
(Takamiya, 1987)) 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 4-16d). Nonachlor and chlordane have a high potential for bioaccumula-
tion, while oxychlordane has a lower potential. The total chlordane and total nonachlor concenLra;
tions were compared for the same sample and found to be correlated based on a linear function (r”
= (0.7) but not as suongly 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
4-18a,b) shows that most of the sites with high levels of total nonachlor (greater than 100 ng/g) also
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 10 percentile sites were predominantly industrial areas near
chemical manufacturing plants (17 out of 36). Superfund sites were near 10 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 4-19). For total nonachlor
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Summary Tabile for p,p'DDE Box Plot
Concentration
Range
Site Category n _po/g Mean Stan. Dev.  Median
NASQAN (NSQ) 39 1.09 - 1223  136.18 226.21 46.90
Background (B) 20 ND - 384 56.28 93.42 11.68
Paper Mills Using CI (PPC) 39 1.0 - 895 87.27 167.67 22.20
Other Paper Mills (PPNC) 17 09 - 1157 161.94 306.58 4250
Refinery/Other industry (R/l) 5 5.9 - 2329 586.87 1000.14 41.50
Superfund Sites (NPL) 6 15 - 805 200.17 300.35 97.95
Wood Preservers (WP) 10 1.65-915 33.13 32.7 16.85
Industrial/Urban Sites (IND/URB) 31 7.23-14028 602.34 2499.49 78.80
POTW 6 249 - 516 98.16 204.84 17.40
Agricultural (AGRI) 15 13.1 - 8708 1526.89 2313.13 201.00

n = number of sites in category. ND'’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 Statistical Tests for Selected Xenobiotics
{Pesticides/Herbicides)

Kruskal-Wallis Mann-Whitney
All Groups IndlURB B,PPCPPNC AG
Chemical Except NSQ NPL, AG WP POTW IND, URB AG, NPL AG,B IND, B
Total Nonachlor .0071 .7565 .1946 .5346 5593 0113 .0013
Trifluralin 4822 .1363 .9870 .0809 .1021 0956 .8926
Mirex .6451 .8643 .3180 8477 6128 4334 7212
Heptachlor Epoxide 9589 7704 .9899 6144 .8153 .8415 7576
Dieldrin .0891 .6856 4053 5269 .4835 .3861 .0176
Endrin .8983 5777 .7063 8732 .5858 .8415 .8020
Chlorpyrifos 4019 .5426 4757 6990 .4835 .5938 2242
Alpha-BHC .0905 4388 1437 .3989 .2129 .1880 .0087
Isopropakn .9951 .7358 .9920 4821 1.000 1.000 4403
Totai Chlordane .0047 8774 .2289 8144 3115 .0164 .0036
p.p’' DDE .0001 .1074 .5430 .0403 .1857 .0002 0017
Gamma BHC .0417 .3614 .0184 2857 .6404 1618 0056
Dicofol .8233 .2085 .8068 .0893 .2429 .2861 4635
Oxychiordane .2994 .7081 .9567 4748 1.000 8892 1708

Values shown are two-tail probabilities that groups are different. The critical level was set at 0.05. lf p<0.05, the categories were considered to be significantly different.

Industry and/or urban NSQ

IND/URB = = National Ambient Stream Quality monitoring network. (This designation 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 chiorine for bleaching
POTW = Publicly Owned Treatment Works (sewage) PPNC =  Other paper and pulp milis including deinking plants
RA =  Refines using catalytic reforming process and
other industry
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Figure 4-16. Cumulative frequency distribution of a) total chlordane, b) cis-chiordane, 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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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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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-§
Sites With Highest Concentrations Of
Chlordane Related Compounds

Maximum
Concentration Episode
Chemical ng/g Number Type of Fish Location
Total Chlordane
688 2215 WB Carp Monongahela, Clairton, PA
384 3045 WB Carp Missouri R., Kansas City, MO
379 3435 WB Bigmouth Buffalo  Mississippi R., Natchez, MS
376 3376 WB Carp Chattahoochee R., Whitesburg, GA
369 3048 WB Carp Mississippi R., West Alton, MO
cis-Chlordane
378 2215 WB Carp Monongahela R., Clairton, PA
200 3048 WB Carp Mississippi R., West Alton, MO
196 3045 WB Carp Missouri R., Kansas City, MO
185 3376 WB Carp Chattahoochee R., Whitesburg, GA
179 2383 WB Carp Des Plaines R., Lockport, IL
trans-Chlordane
310 2215 WB Carp Mosgongahela R., Clairton, PA
206 3435 WB Bigmouth Buffalo  Mississippi R., Natchez, MS
191 3376 WB Carp Chattahoochee R., Whitesburg, GA
188 3045 WB Carp Missouri R., Kansas City, MO
182 2190 WB Carp Nishnabotna R., Hamburg, IA
Oxychlordane
243 2427 WB Carp Peshtigo R. Harbor, Peshtigo, WI
96.2 2618 WB Carp Hamilton Canal, Hamilton, OH
914 2215 WB Carp Monongahela R., Clairton, PA
87.2 3117 PF Lake Trout Lake Michigan, Waukegan, IL
77 2439 WB Carp Great Miami R., New Baltimore, OH
Total Nonachlor
601 2215 WB Carp Monongahela R., Clairton, PA
521 3377 WB Carp Chattahoochee R., Franklin, GA
477 3117 PF Lake Trout Lake Michigan, Waukegan, IL
3409 2394 WB Carp Great Miami R., Franklin, OH
299 3181 WB Carp Ohio R., West Point, KY
cis-Nonachlor
127 3117 PF Lake Trout Lake Michigan, Waukegan, IL
124 2215 WB Carp Monongahela R., Clairton, PA
123 337 WB Carp Chattahoochee R., Franklin, GA
83.2 3285 Stingray Colaorado Lagoon, Long Beach, CA
65.7 2383 WB Carp Des Moines R., Lockport, IL
trans-Nonachlor
477 2215 WB Carp Monongahela R., Clairton, PA
398 337 WB Carp Chattahoochee R., Franklin, GA
350 3117 PF Lake Trout Lake Michigan, Waukegan, IL
279 2394 WB Carp Great Miami R., Franklin, OH
242 3181 WB Carp Ohio R., West Point, KY

Total number of sites for each chemical was 362.
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Summary Table for Total Chiordane Box Plot
Concentration
Range
Site Category n py/g Mean Stan. Dev. Median
NASQAN (NSQ) 3g 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) 39 ND - 379 20.54 63.90 ND
Other Paper Mills (PPNC) 17 ND - 376 48.73 116.27 452
Refinery/Other Industry (R/1) 5 ND - 1315 35.45 55.00 11.2
Supertund Sites (NPL}) 6 ND - 76.60 23.25 27.53 13.42
Wood Preservers (WP) 10 ND - 14.23 3.0 469 062
Industrial/Urban Sites (IND/URB) 31 ND - 384 32.80 73.25 11.29
POTW 6 ND - 4.86 1.42 1.95 063
Agricultural (AGRI) 15 ND - 120.4 17.20 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 piot for total chiordane in fish tissue.



(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 4-21). A single dominant source was not observed
tor 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 100 ng/g (Figure 4-22b). The top 5 out of 362 sites for dieldrin are listed
below:

Dieldrin

Conc. Episode
ng/e Number T'vpe of Fish Location
450 3161 WB Sucker Cobbs Cr., Philadelphia, PA
405 3t PF Lake Trout Lake Michigan, Waukegan, IL
323 3036 WB Carp Nishnabotna R., Hamburg, IA
312 2199 WB Bigmouth Buffalo  Missouri R., Lexington, MO
260 3272 WB White Surfperch 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 (13.0 ng/g) was for locations near Supertund 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 gamma-BHC are listed below.
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Summary Table for Total Nonachlor Box Plot
e
Concentration
Range
Site Category n pg/q Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND - 221.3 26.26 49.28 7.07
Background (B) 20 ND - 30.4 568 9.84 ND
Paper Mills Using CI (PPC) 39 ND - 159.3 17.70 36.10 229
Other Paper Mills (PPNC) 17 ND - 521 54.00 130.03 6.59
Refinery/Other Industry (R/1) 5 ND - 166.6 46.48 68.47 28.76
Superfund Sites (NPL) B ND - 132.9 32.35 49.92 14.7
Wood Preservers (WP) 10 ND - 22.52 5.07 7.15 2.01
industrial/Urban Sites (IND/URB) 31 ND - 245 32.45 50.08 1.3
POTW 6 ND - 78.2 16.49 30.77 272
Agricultural (AGRI) 15 ND - 105.0 19.88 27.75 7.87

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

Figure 4-20. Box and whisker plot for total nonachlor in fish tissue.
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Summary Table for Oxychiordane Box Plot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-77.0 4.67 14.11 ND
Background (B) 20 ND - 4.64 0.50 1.34 ND
Paper Mills Using CI (PPC) 39 ND - 14.4 0.73 2.59 ND
Other Paper Mills (PPNC) 17 ND - 3.48 0.34 0.92 ND
Refinery/Cther Industry (R/l) 5 ND- 11.7 3.87 4.52 2.62
Superfund Sites (NPL) 6 ND - 14.3 2.38 5.84 ND
Wood Preservers (WP) 10 ND ND ND ND
Industrial/lUrban Sites (IND/URB) 31 ND - 42.3 3.34 8.25 ND
POTW 6 ND-17.9 298 7.31 ND
Agricultural (AGRI) 15 ND - 6.75 2.62 0.68 ND

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

Figure 4-21. Box and whisker plot for oxychlordane in fish tissue.
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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 Tabie for Dieidrin Box Plot
Concentration
Range
Site Cateqgory n pg/q Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND - 323 35.46 71.16 ND
Background (B) 20 ND - 136 14.31 35.45 ND
Paper Milis Using Cl (PPC) 39 ND - 236 14.86 41.18 1.40
Other Paper Mills (PPNC) 17 ND-415 4.90 9.94 1.84
Refinery/Other industry (R/1) 5 ND - 64.9 16.64 27.40 418
Superfund Sites (NPL) 6 ND - 260 54.55 101.77 13.05
Wood Preservers (WP) 10 ND -7.73 0.97 245 ND
Industrial/Urban Sites (IND/URB) 31 ND - 116 18.48 29.7M 9.96
POTW 6 ND - 38.2 7.86 15.16 0.64
Agricultural (AGRI) 15 ND - 188 43.94 69.37 ND

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

_

Figure 4-23. Box and whisker plot for dieldrin in fish tissue.




alpha-BHC

Conc. Episode
ng/g Number Type of Fish Location
44 .4 3098 WB White Sucker Red Clay Cr., Ashland, DE
29.0 2427 WB Carp Peshtigo R. Harbor, Peshtigo, W1
20.8 2410 WB Carp Rouge R., River Rouge, M1
19.3 2383 WB Carp Des Plaines R., Lockport, 1L
18.6 2056 WX Carp Ohio R., West Point, KY
gamma-BHC (Lindane)
Conc. Episode
nglg Number Type of Fish Location
83.3 3042 WB Carp Missouri R., Omaha, NE
44.5 2416 WB Carp Cuyahoga R., Cleveland, OH
38.8 3098 PF American Ee! 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, 2416, 3042, and
3181). Paper mills were located near three of the sites (2427, 2439, and 3342). The remaining site
18 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 50 PERCENT OF THE SITES>

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 breakdown 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 trichlorobenzene; methoxychlor; isopropalin; and perthane. One chemical, heptachior epoxide,
found at 16 percent of the sites, is presented in the next section with heptachlor.
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Figure 4-24. Cumulative frequency distribution of a) alpha-BHC and b) gamma-BHC (lindane)
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Summary Table for Alpha-BHC Box Plot
Concentration
Range
Site Category n pY/q_ Mean  Stan. Dev.  Median
NASQAN (NSQ} 39 ND - 12.30 1.98 298 0.93
Background (B) 20 ND - 9.08 0.72 2.09 ND
Paper Mills Using CI (PPC) 39 ND - 11.30 1.74 2.75 ND
Other Paper Mills (PPNC) 17 ND - 2.77 0.99 0.99 0.85
Refinery/Cther Industry (R/I) 5 ND - 497 1.92 21 0.96
Superfund Sites (NPL) 6 ND - 8.43 249 3.18 1.26
Wood Preservers (WP) 10 ND - 1.08 0.21 0.44 ND
IndustrialUrban Sites (IND/URB) K} ND - 17.48 2.20 411 0.91
POTW 6 ND - 3.98 1.41 1.82 0.56
Agricultural (AGRI) 15 ND - 7.56 1.32 219 ND

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

—

Figure 4-25. Box and whisker plot for aipha-BHC in fish tissue.
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Summary Table for Gamma-BHC Box Piot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND - 83.3 3.25 13.91 ND
Background (B) 20 ND - 2.97 0.15 0.66 NOD
Paper Mills Using C! (PPC) 39 ND - 25.7 2.66 5.85 ND
Other Paper Mills (PPNC) 17 ND - 219 3.33 6.60 0.63
Retinery/Cther industry (R/I) 5 ND- 3.1 1.49 1.21 1.41
Superfund Sites (NPL) ] ND- 78 1.30 3.18 NO
Wood Preservers (WP) 10 ND- 3.3 0.57 1.09 ND
Industrial/Urban Sites (IND/URB) 31 ND - 105 1.99 2.97 0.37
POTW 6 ND - 0.58 0.10 0.24 ND
Agricultural (AGRI) 15 ND- 9.6 1.15 2.52 ND

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

Figure 4-26. Box and whisker plot for gamma-BHC in fish tissue.
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Figure 4-27. Map of geographical distribution of various concentration ranges for a)
gamma-BHC (lindane) and b) alpha-BHC in fish tissue.

A



in Appendix C). The compound is not readily atfected by transformation processes (e.g., hydrolysis)
and has a high potential for bioaccumulation. Given this variety of sources, it i$ not surprising that
the compound was tound at sites located in nearly all parts of the country (Figure 4-28a). HCB was
detected at 46 percent of 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
Conc. Episode
nglg Number Tyvpe of Sample Location
913 3085 WB Sea Cattish Brazos R., Freeport, TX
202 3086 WB Catfish Bayou D’Inde, Sulfur, LA
937 2532 WB Carp Mississippt 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 10
percentile sites (36 out of 362) were pesticide/chemical manufacturing plants and Supertund 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 levels.

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). [t 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
NASQAN (NSQ) 39 ND - 6.49 0.63 1.35 ND
Background (B) 20 ND -6.88 0.60 1.59 ND
Paper Mills Using Cl (PPC) 39 ND - 93.7 3.90 16.35 ND
Other Paper Mills (PPNC) 17 ND-2.7 0.54 0.77 ND
Refinery/Cther industry (R/I) 5 ND - 75 15.39 33.33 0.73
Superfund Sites (NPL) 6 ND-125 2.89 5.09 ND
Wood Preservers (WP) 10 ND -1.89 0.24 0.60 ND
IndustrialUrban Sites {IND/URB) 31 ND -913 31.56 163.6 0.33
POTW 6 ND -1.76 0.29 0.72 ND
Agricultural (AGRI) 15 ND-15.6 2.08 4.26 0.09

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. ¢) Cumulative
frequency distribution of 1,3,5 trichlorobenzene in fish tissue.



Pentachlorobenzene

Conc. Episode
ng/g Number Type of Sample Location
125 3086 WB Catfish Bayou D’Inde, Sulfur, LA
514 3063 PF Spotted Sea Trout Calcasieu R., Moss Lake, LA
46.3 3097 WB Carp Red Lion Cr., Tybouts Comer, DE
42.6 3085 WB Sea Catfish Brazos R., Freeport, TX
9.6 2532 WB Carp Mississippi R., St. Francisville, LA

Four of these sites are near chemical manufacturing plants and the other site (3097) is a
Supertund 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 Superfund sites of which four
had HCB contamination. The box plot (Figure 4-31) 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 11 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:

1,3,5 TCB

Conc. Episode
ne/g Number Tvpe of Sample Location

149 3403 WB River Carpsucker  So. Fork of Holston R., Kingsport, TN
9.2 2290 WB Spotted Sucker Savannah River, Augusta, GA
2.77 2056 WB Carp Ohio River, West Point, KY

Sites 3403 and 2290 are near paper mills. The latter site also has other industrial/urban
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 15 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 Piot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND- 1.26 0.03 0.20 ND
Background (B) 20 ND- 0.6 0.03 0.13 ND
Paper Mills Using Cl (PPC) 39 ND - 9.61 0.38 1.71 ND
Other Paper Mills (PPNC) 17 ND- 0.57 0.08 0.17 ND
Refinery/Cther Industry {R/l) 5 ND - 51.4 11.36 22.50 ND
Superfund Sites (NPL) 6 ND - 486.3 7.72 18.90 ND
Wood Preservers (WP) 10 ND ND ND ND
Industrial/Urban Sites {IND/URB) 31 ND - 426 1.84 7.68 ND
POTW 6 ND ND ND ND
Agricuttural (AGR!) 15 ND- 0.75 0.07 0.20 NEC

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

Figure 4-31. Box and whisker plot for pentachlorobenzene in fish tissue.

101



16 I s . " A A A i A n

o
144
121
)
Is2
5
) 10
c
)}
N
S
2 81
[=]
S
5
= 61
0
o
4 r
(-}
2‘ 3
i
(-]
- —e ey - 1 - ' — ’
° NSQ B PPC PPNC RA NPL WP IND/URB POTW AGRI
Summary Table tor 1,3,5-Trichlorobenzene Box Piot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND - 0.06 0.002 0.01 ND
Background (B} 20 ND - 0.24 0.02 0.06 ND
Paper Mills Using CI (PPC) 39 ND - 149 0.40 2.38 ND
Cther Paper Mills (PPNC) 17 ND - 2.35 0.16 0.57 NO
Refineries (RFNY) 5 ND - 0.54 0.1 0.24 ND
Superfund Sites (NPL) 6 ND - 0.55 0.09 0.22 ND
Wood Preservers (WP) 10 ND ND ND ND
Industrial/Urban Sites (IND/URB) a1 ND - 1.20 0.13 0.32 ND
POTW 6 ND ND ND ND
Agricuftural (AGRI) 15 ND ND ND ND

n = number of 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 trichlorobenzene in fish tissue.
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Figure 4-33. Cumulative frequency distribution of a) 1,2,3,4 tetrachlorobenzene, b) 1,2,3,5
tetrachlorobenzene and ¢) 1,2,4,5 tetrachlorobenzene 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 (13
percent of the sites versus 9.4 percent for 1,2,3,5 TECB and 9.1 percent for 1,2,4,5S 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:

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

Conc. Episode
ng/g Number Type of Sample Location
283 3097 PF Brown Bullhead Red Lion Creek, Tybouts Comer, DE
15.3 2056 WB Carp Ohio River, West Point, KY
12.9 2341 WB Carpsucker Ohio River, Markland, KY
12.0 2290 WB Spotted Sucker Savannah River, Augusta, GA
10.7 3086 PF Red Drum Bayou D’Inde, Suifur, LA

The first two sampling locations are near Superfund sites, and the others are near chemical
plants (2341 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
Conc. Episode
ng/g Number Type of Sample Location
76.65 3097 PF Brown Bullhead Red Lion Creek, Tybouts Comer, DE
11.50 2056 WB Carp Ohio River, West Point, KY
11.3 2341 WB Carpsucker Ohio River, Markland, KY
10.6 3096 WB Channel Catfish Delaware River, Eddystone, PA
10.4 3094 BF Channel Catfish Delaware River, Torresdale, PA
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Figure 4-34. Map of geographical distribution of various concentration ranges for a) 1,2,3,4
tetrachlorobenzene, b) 1,2,3,5 tetrachlorobenzene, and c) 1,2,4,5
tetrachlorobenzene in fish tissue.
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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
NASQAN (NSQ) 39 ND ND ND ND
Background (B) 20 ND - 0.25 0.03 0.08 ND
Paper Mills Using C! (PPC) 39 ND - 0.88 0.03 0.14 ND
Other Paper Mills (PPNC) 17 ND - 0.11 0.02 0.03 ND
Refinery/Other Industry (R/I) 5 ND - 5.21 1.74 2.46 NO
Superiund Sites (NPL) 6 ND -20.92 3.49 8.54 ND
Wood Preservers (WP) 10 ND - 1.01 0.10 0.32 ND
Industrial’/Urban Sites (IND/URB) 31 ND - 0.76 0.04 0.14 ND
POTW 6 ND ND ND ND
Agricultural (AGRI) 15 ND ND ND ND

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

Figure 4-35. Box and whisker plot for 1,2,3,4 tetrachlorobenzene 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 1962 and 1975 (NAS,
1978). 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 primanly 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
Conc. Episode
nele Number Tvpe of Sample Location
225 2328 PF Chinook Salmon Lake Ontario, Olcott, NY
137 3305 WB Channel Catfish Racquette R., Massena, NY
131 2329 PF Brown Trout Lake Ontario, Rochester, NY
85.4 3412 WB Carp Oswego Harbor, Oswego, NY
739 3301 WB Carp 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 1960s to
replace organochlorine pesticides such as DDT. Itis 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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Summary Table for Mirex Box Plot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-23.1 1.6 50 ND
Background (B) 20 ND-11.3 0.7 25 ND
Paper Mills Using CI (PPC) 39 ND-21.6 1.6 4.0 ND
Cther Paper Mills (PPNC) 17 ND-35.5 49 9.6 ND
Refineries/Other fndustry (R/) 5 ND-2.0 0.8 0.9 0.7
Superfund Sites (NPL} 6 ND-0.8 0.2 0.3 ND
Wood Preservers (WP) 10 ND-0.5 0.1 0.2 ND
Industrial/Urban Sites (IND/URB) 31 ND-85.4 3.9 15.6 ND
POTW 6 ND-2.6 0.6 1.1 ND
Agricultural (AGRI) 15 ND-10.4 1.3 3.0 ND

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

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

Conc. Episode
—ng/g  Number TypeofSample  Location
344 3282 WB Carp Alamo R., Calipatria, CA
64.5 3375 WB Carp Chattahoochee R, Austell, GA
63.7 3071 WB Carp San Antonio R, Elmendorf, TX
62.7 3141 PF Northern Pike Milwaukee R., Milwaukee, WI
61.7 3283 WB Carp New R, Westmoreland, CA

Three of the sites are located in agricultural areas, while the remaining sites (3071 and 3141)
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).

Dicofol, 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 16 percent of the sites versus 99 percent of the sites
for DDE, the metabolic breakdown product of DDT ( Figure 4-40a,b,c). Dicofol is primarily used
to control mites on cotton 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
similar to DDT, has not been widely used since 1982, 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 15.5 percent). Dicofol 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 Figure 4-41a,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 listed below:

Dicofol
Conc. Episode
—ng/g  Number TypeofSample  Location
74.3 33558 WB Carp 0Old Mormon Slough, Stockton, CA
36.0 3252 WB Sucker Boise River, Parma, ID
211 3198 WB Sucker South Platte River, Denver, CO
18.4 3208 WB Sucker Malheur River, Ontario, OR

14.9 3117 PF Lake Trout Lake Michigan, Waukegan, IL
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Summary Table for Chlomyrifos Box Plot
Concentration
Range
Site Category n ng/q Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-40.8 2.34 7.43 ND
Background (B) 20 ND-5.13 0.40 1.29 ND
Paper Mills Using C! (PPC) 39 ND-22.6 1.15 5.02 ND
Other Paper Mills (PPNC) 17 ND-45.6 4.71 11.98 ND
Refineries/Other Industry (R/1) 5 ND-19.4 4.40 8.43 0.48
Supertund Sites (NPL) 6 ND ND ND ND
Wood Preservers (WP) 10 ND-2.51 0.25 0.79 ND
Industrial/Urban Sites (IND/URB) 31 ND-61.7 3.89 11.50 ND
POTW 6 ND ND ND 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
¢) perthane in fish tissue.
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Summary Table for Dicofol Box Piot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-5.37 0.54 1.44 ND
Background (B) 20 ND-2.29 0.27 0.70 ND
Paper Mills Using Ci (PPC) 39 ND-4.53 0.14 0.74 ND
Other Paper Mills (PPNC) 17 ND-2.44 0.28 0.65 ND
Refineries/Other Industry (R/) 5 ND-3.69 1.02 1.61 ND
Superfund Sites (NPL) 6 ND ND ND ND
Wood Preservers (WP) 10 ND ND ND ND
Industrial/Urban Sites (IND/URB) 31 ND-0.50 0.02 0.09 ND
POTW 6 ND-4.09 0.68 1.67 ND
Agricultural (AGRI) 15 ND-18.40 2.66 5.41 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

Conc. Episode
ng/g Number Type of Sample Location
393. 3195 WB Chub Jordan River, Salt Lake City, UT
17.9 3375 WB Carp Chattahoochee River, Austell, GA
8.22 2056 WB Carp Ohio River, West Point, KY
8.15 3172 WB Carp Coosa River, AL/GA State Line
7.71 3144 WB Carp Fox River, Portage, WI

The two highest concentrations (3355 and 3195) 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 1980, 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 11 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.
Isopropalin 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 bollworms
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 1984, 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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Summary Table for Trifluralin Box Flot
Concentration
Range
Site Category n ng/q Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-458 20.92 77.01 ND
Background (B) 20 ND-163 10.80 37.73 ND
Paper Miils Using Cl (PPC) 39 ND-23.1 0.59 3.70 ND
Other Paper Mills (PPNC) 17 ND-3.4 0.20 0.82 ND
Refineries (RFNY) 5 ND-29 0.58 1.30 ND
Superfund Sites (NPL) 6 ND ND ND ND
Wood Preservers (WP) 10 ND ND ND ND
Industrial/Urban Sites (IND/URB) 31 ND-82.8 6.37 18.83 ND
POTW 6 ND ND ND ND
Agricuttural (AGRI) 15 ND-153 23.35 46.52 ND

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

Figure 4-45. Box and whisker plot for trifluralin in fish tissue.
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Summary Table for Isopropalin Box Plot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-25.9 1.27 489 ND
Background (B) 20 ND ND ND ND
Paper Mills Using C! (PPC) 39 ND ND ND ND
Other Paper Mills (PPNC) 17 ND ND ND ND
Refinery/Other industry(R/!) 5 ND ND ND ND
Superiund Sites (NPL) 6 ND ND ND ND
Wood Preservers (WP) 10 ND-10.2 1.02 3.23 ND
Industrial/Urban Sites (IND/URB) 31 ND-37.5 1.83 6.98 ND
POTW 6 ND ND ND ND
Agricuttural (AGRI) 15 ND ND ND ND

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

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

Conc. Episode
—ng/g  Number TypeofSample  Location

164.00 3063 WB Sea Catfish Calcasieu R., Moss Lake, LA
23.00 3085 WB Sea Catfish Brazos R., Freeport, TX
10.50 3115 PF Catfish Mississippi R., E. St. Louis (Sauget), IL
2.54 3065 WB Flathead Catfish Mississippi R., Baton Rouge, LA
2.37 3086 WB Catfish Bayou D’Inde, Sulfur, LA
Diphenyl Disulfide

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

4 Some chemicals found at less than 10 percent were presented elsewbere for ease of discussion. See footnotes 2,
page 57, and 3, page 91.
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Summary Table for Endrin Box Plot
Concentration
Range
Site Category n ng/g Mean Stan. Dev. Median
NASQAN (NSQ) 39 ND-7.5 0.53 1.65 ND
Background (B) 20 ND-26.5 2.00 6.50 ND
Paper Mills Using C1 (PPC) 39 ND-162 5.22 25.90 ND
Other Paper Mills (PPNC) 17 ND ND ND ND
Refinery/Other industry(R/!) 5 ND ND ND ND
Superfund Sites (NPL) 6 ND-16.2 3.64 6.55 ND
Wood Preservers (WP) 10 ND NO ND ND
Industrial’Urban Sites (IND/URB) 31 ND-7.37 0.32 1.38 ND
POTW 6 ND ND ND ND
Agricultural (AGR!) 15 ND-45.4 4.23 12.30 ND

n = number of sites in 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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Pesticides/Herbicides

Nitrofen

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. Itcan 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
Conc. Episode
—ng/g Number TypeofSample Location
17.9 3354 WB Carp New Mormon Slough, Stockton, CA
12.8 3300 WB White Sucker Niagara River Delia, Porter, NY
104 2654 WB Carp Toms River, NJ
10.6 3302 WB White Sucker Niagara River, Lewiston, NY
3.95 3288 PF Squawfish Blanco Drain, Salinas, CA

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
Nizgara River sites are near chemical manufacturing facilities and agricuitural 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 1983 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
heptachlor (Figure 4-50a,b). Thirteen percent of the sites 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 4-51).
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
Site Category n pag Mean Stan. Dev.  Median
NASQAN (NSQ) 39 ND - 63.2 3.3 1.2 ND
Background (B) 20 ND - 19.9 1.6 5.0 ND
Paper Mills Using C! (PPC) 39 ND - 28.7 1.1 5.0 ND
Other Paper Mills (PPNC) 17 ND-29 0.2 0.7 ND
Refinery/Cther Industry (R/I) 5 ND - 2.3 05 1 ND
Superfund Sites (NPL) 6 ND ND ND ND
Wood Preservers (WP) 10 ND ND ND ND
Industrial/lUrban Sites (IND/URB) 3 ND - 24.1 1.3 47 ND
POTW 6 ND ND ND ND
Agricuttural (AGRI) 15 ND - 9.3 06 24 ND

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

Figure 4-52. Box and whisker plot for heptachlor epoxide in fish 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 flowers and vegetables, and to minimize mold growth on
cotton and turt. 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 (3132) 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 performed 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 112 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 11 sites were common to both the NCBP and NSCREF 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,
11 compounds were found at greater than 50 percent of the sites. Eight of these compounds were
analyzed in the NCBP: p,p’-DDE, PCBs, dieldrin, cis- and trans-chlordane, pentachloroanisole,
trans-nonachlor and alpha-BHC. All of these compounds, except alpha-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’-DDE and PCBs in both studies is very close. The percent occurrences
for DDE were 99 in the NSCRF and 98 in the NCBP, and 91 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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Figure 4-53. Pentachloronitrobenzene: a) cumulative frequency distribution and b) map of
geographical distribution of various concentration ranges in fish tissue.
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Chapter S - 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 119
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, Anguilla 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:

Carp 135
White Sucker 32
Channel Catfish 30
Redhorse Sucker 16
Spotied Sucker 10
Game Species Number of Sites Where Sampied
Largemouth Bass 83
Smalimouth Bass 26
Walleye 22
Brown Trout 10
White Bass 10
Northern Pike 8
Flathead Catfish g
White Crappie 7
Bluefish 5

131



TABLE 5-1
Distribution and Feeding Strategy for Fish Species Collected

Feeding No. of

Scientific Name Common Name Range ! Strategy Sites
Class - Chondrichthyes
Order - Squaliformes
Family - Carcharhinidae

Irakis semifasciata Leopard Shark M P
Order - Rajiformes
Family - Rajidae

Raja binoculata Big Skate M B
Family - Dasyatidae

Dasvalis (species unknown)  Stingray M P
Order - Chimaeriformes
Family - Chimaeridae

Hydrolagus coiliei Spotted Ratfish M P
Class - Osteichthyes
Order - Acipenseriformes
Family - Acipenseridae

Acipenser transmontaous White Sturgeon Both P
Order - Semionotiformes
Family - Lepisosteidae

Lepisosteys osseus Loagnose Gar F P

Lepisosieus platostomus Shortnose Gar F P
Order - Amiiformes
Family - Amiidae

Amia calva Bowfin F P (Pisc.)
Order - Anquilliformes
Family - Anquillidae

Anguilla rostrala American Eel Both P
Order - Clupeiformes
Family - Clupeidae

Alosa sapidissima American Shad Both P

Dorosoma cepedianum Gizzard Shad Both P

(Filter Feeder)

! Estuarine/Marine: M = Marine: F = Frashwater; (1] = Introdsced

3 P = Predator: B = Bottom Feeder

3 Number of sites whers fish wers collected and saalyaed

SOURCE: AFS, 1980
Pisc. = Piscivorous; Omai = Omaiverous
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TABLE 5-1 (CONT.)

Feedingj No. of
Scientific Name Common Name Range : Strategy ~ Sites >
Order - Osteoglossiformes
Family - Hiodontidae
Hiodon alpsoides Goldeye F p 1
Order - Salmoniformes
Family - Salmonidae

Coregonus clupeaformis Lake Whitefish Both P 1
Qacorhynchus gorbuscha Pink Salmon Both p 1
Oncorhynchus Kisutch Coho Salmon Both P (Pisc.) 1
Oncorhiynchus mykiss Rainbow Trout Both P (Fish, Insects, Algae) 7
Oncorbynchus tshawvtscha  Chinook Salmon Both P (Pisc.) 1
Prosopium williamsoni Mountain Whitefish F P (Aq. Insects) 1
Salmo clarki Cutthroat Trout Both P l
Salmo salar Atlantic Salmon Both P (Pisc.) 2
Salmo truita Brown Trout Both({I] P (Pisc.) 10
Salvelinus fontinalis Brook Trout Both P 2
Salvelinus malma Dolly Varden Both P 2
Salvelinus pamavceush Lake Trout F P (Pisc.) 1
Family - Osmeridae
Hypomesus pretiosys Surf Smeit Both B 1
Family - Esocidae
Esox lucius Northern Pike F P (Pisc.) 8
Esox niger Chain Pickeret F P 4
Esox spp. Pickerel; Pike F P 1
Order - Cypriniformes
Family - Cyprinidae
Acrocheilus alutaceus Chiselmouth F B 1
Carassius auratus Goldfish F{I] B 1
Cienopharyngodon idella Grass Carp F(1] B |
Cyprnus carpio Common Carp F(I] B (Omni.) 135
Gila spp. Chub F B 1
Qrthodon microlepidots Sacramento Blackfish F B 1
Prychocheilus Squawfish F B (Pisc.) 9
Family - Catostomidae
Carpiodes carpio River Carpsucker F B 4
Carpiodes cyprinus Quillback F B |
Catostomus catostomus Longnose Sucker F B 2
Catpstomus columbianus Bridgelip Sucker F B 3
Catostomus commersoni White Sucker F B (Omni.) 32
Catostomus macrocheilus Largescate Sucker F B 2
Catostomus ocgidentalis Sacramento Sucker F B 3
Sucker (unspecified) - - 32
! Esmarine/Marine: M = Marige: F = Freshwater: (1] = Introduced

? P a Predator: B = Bottom Feeder
3 Number of sites whete fish were collected and analyzed

SOURCE: AFS. 1980

Pisc. = Piscivorous: Omni. = Omnivorous
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TABLE §-1 (CONT.)

Feeding No. of
Scientific Name Common Name Ranggl StrategL2 Sites *
Enmyzon ghloogus Creek Chubsucker F B 1
Edmyzon sucetta Lake Chubsucker F B 1
Hypentehum pigricans Northern Hog Sucker F B |
{ctiobus bubalus Smaillmouth Buffaio F B b
Icuobus cypanetlus Bigmouth Buffalo F B 4
(Zooplankton & Crust.)
Ictiobus piger Black Buffalo F B |
Minytrema melanops Spotted Sucker F B {Zooplankton 10
Insect Larvae/Plants)
Moxostoma anisurum Silver Redborse F B (Aq. Insects) 1
Moxostoma congesmm Gray Redhorse F B (Aq. Insects) 1
Moxostoma duquesaei Black Redhorse F B (Aq. Insects) 1
Moxostoma erythrunim Golden Redhorse F B (Aq. Insects) 1
Moxostoma macrolepidotum  Shorthead Redhorse F B (Aq. Insects) |
Moxosioma poecilurum Blacktail Redhorse F B (Aq. Insects) 1
Moxostoma Redhorse Sucker F B (Aq. Insects) 16
Order - Siluriformes
Family - [ctaluridae
Ictalumis canis White Catfish F B 4
[etalurys furcatus Blue Catfish F B (Omni.) 6
Icialurus melas Black Bullhead F B (Omni.) 2
Ictalurus patalis Yellow Bullhead F B (Omni.) 1
Ictalunus nebuiosus Brown Bullhead F B (Omni.) 4
Ictalumus punctatus Channel Catfish F B (Omni.) 30
Pylodictis olivaris Flathead Catfish F P (Pisc.) 8
Catfish (unspecified) - - 11
Family - Ariidae
Arus felis Hardhead Catfish Both B 7
Order - Gadiformes
Family - Gadidae
Gadus morhua Atlantic Cod M P 1
Order - Perciformes
Famuly - Percichthyidae
Morone americana White Perch Both P 4
Morone chrysops White Bass F P 10
(Fish & Insects)
Morone saxatilis Striped Bass Both P 1
Bass (unspecified) - - 3

! Estuanne/Marine: M = Marine: F = Freshwater: {I] = Introduced
2 p = Predator: B = Bottom Feeder

¥ Number of sites where fish were collected and analyzed
SOURCE: AFS. 1980

Pisc. = Piscivorous; Omnj. = Cmaivorous
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TABLE 5-1 (CONT.)

Feeding No. of

Scientific Name Common Name Range ! Strategy ~ Sites >
Family - Centrarchidae

Ambloplites rupestis Rock Bass F P 4

Lepomus aunws Redbreast Sunfish F P 2

Lepomis cyanefius Green Sunfish F P 2

Lepomis gibbosus Pumpkinseed F P l

Lepomis gulosus Warmouth F P i

Lepomis macrochirus Bluegill F P (Insects) 4

Lepomis megalotis Longear Sunfish F P 1

Lepomis microiophus Redear Sunfish F P (Mollusks) 1

Micropterus coosae Redeye Bass F P 1

Micropterus dojomueui Smallmouth Bass F P (Pisc.) 26

Microptenus notius Suwannee Bass F P 1

Micropterus punciulatus Spotted Bass F P 3

Micropterus salmoides Largemouth Bass F P 83

Pomoxis annulans White Crappie F P (Pisc.) 7

Pomoxis nigromacuiatus Black Crappie F P (Pisc.) 4

Crappie (unspecified) - - 3

Family - Percidae

Perca flavescens Yellow Perch F P l

Stizostedion canadense Sauger F P 3

Stizostedion vitreum

yitreum Walleye F P (Pisc.) 22
Family - Pomatomidae

Pomatomus saitatrix Bluefish M P (Pisc.) S
Family - Carangidae

Caranx bartholomaei Yellow Jack M P 1

Caranx hippos Crevalle Jack M p 1

Caranx ignoblis Papio M P 1
Family - Lutjanidae

Lutiagus campechanus Red Snapper M P 2
Family - Sparidae

Archosargus probato

=cephalus Sheepshead M P 2
Family - Sciaenidae

Aplodinotus grunoiens Freshwater Drum F P (Mollusks & Fish) k)

Cynoscion nebulosus Spotted Seatrout Both P k)

Cynoscion regalis Weakfish M P 3

Equetus punctams Spotted Drum M P 1

Leiostomus xanthurus Spot Both 3 3
! Esmarine/Marioe: M = Marine: F = Freshwater: {1} = loroduced

2P = Predator: B = Bottom Feeder

3 Numbser of sites where fish were collected and analyzed

SOURCE: AFS. 1980

Pisc. = Piscivorous: Omni. = Omnivorous

= ——
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TABLE 5-1 (CONT.)

Feeding No. of
Scientific Name Common Name Range ; Strategy 2 Sites >
Micropogonias undulaus Atlantic Croaker Both P 3
Pogomas cromis Black Drum M P 3
Sciaenops ocellatus Red Drum Both P 3
Family - Cichlidae
Tilapia (species uncertain) — B 1
Tilapia zilli Redbelly Tilapia FT} B 1
Family - Embiotocidae
Phagerodon furcams White Surfperch M B 1
Family - Mugilidae
Mugil cephalys Striped Mullet Both P 3
Family - Scorpaenidae
Sebastes aunculatus Brown Rockfish M P |
Sebastes caurinus Copper Rockfish M P 1
Scbastes maliger Quillback Rockfish M P 1
Sebastes paucispinis Bocaccio M P 1
Sebastes profiger Redstripe Rockfish M P |
Family - Cottidae
Cotts (species unknown) Sculpin — B 4
Cottus ajeuticus Coastrange Sculpin Both B (Plants & Insects)
Order - Pleuronectiformes
Family - Bothidae
Baralichthys dentatus Summer Flounder M P |
Baralichthys lethostigma Southern Flounder Both P 2
Family - Pleuronectidae
Hippoglossoides elassodon  Flathead Sole M P 2
Hypsopsetta guttulata Diamond Turbot M P 1
Platichthys stellatus Starry Flounder Both P 5
Pleuronichthvs verticalis Homyhead Turbot M P 1
Pseudopicuronectes
americanus Winter Flounder P 4

! Estuarine/Marine: M = Marine: F = Freshwater: {1] = Introduced

2 P = Predator: B = Bottom Feeder

3 Number of sites where fish were collected aad analyzed

SOURCE: AFS, 1980

Pisc. = Piscivorous: Omai. = Omaivarous

136



PREVALENCE AND AVERAGE 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 catfish for the bottom-feeding species. For game fish
species, the highest concentrations were tound 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 poliutants (i.e., 2,3,7,8 TCDF and 1,2,3,4,6,7,8 HpCDD) were
found in the majority of samples (Table S-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, DDE, and trifluralin. Twelve compounds
have higher average concentrations in whole-body samples of bottom feeders than in fillet samples
of game fish: alpha and gamma-BHC:; heptachlor epoxide; pentachloroanisole; pentachloroben-
zene; chlordane; nonachlor; three trichlorobenzenes; 1,2,3,4 tetrachlorobenzene; and
hexachlorobenzene. Biphenyl, 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 carpio) 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 fate 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 5-2

Average Fish Tissue Concentrations of Dioxins and Furans for Major Species

23781 12378 | 123478 | 123678 | 123789 | 1234678] 2378 | 12378 | 23478 | 123478 | 123678 | 123789 | 234678 | 1234678 1234789

Fish Species TcoD| PecDD| HxCDD | HxCDD | HxCDD | HocDD | TCDF | PeCDF | PaCDF | HxCDF | HxCDF | HxCDF | HxCDF | HpCDF | HpCDF | TEC
Bottom Feeders
Carp 7.76 | 3.63 2.16 6.81 1.54 22.29 | 10.15 1.31 4.01 2.54 1.91 1.16 1.20 2.49 1.22 13.06
White Sucker 8.08 | 2.05 1.03 1.96 0.88 3.72 22.89 1.10 2.64 2.21 1.29 1.06 1.09 1.23 1.13 12.79
Channet Cattish 11.56| 2.37 1.61 5.62 1.29 9.40 2.22 0.52 2.91 2.41 1.41 1.38" 1.62 2.55 1.26 14.80
Redhorse Sucker | 4.65] 1.50 1.40 2.36 0.84 4.94 30.08 0.75 1.28 2.10 1.16 1.19° 1.50 1.57 1.36° 9.22
Spotted Sucker 1.73 | 2.34 1.70 12.08 1.14 17.48 7.49 2.12 2.06 2.22 1.79 1.28° 1.78 1.77 1.08 6.23
Game Fish
Largemouth Bass | 1.73 [ 0.59 1.12 1.28 0.64 2.48 2.18 0.37 0.47 1.24 1.23 1.21° 0.88 0.82° 1.21° 1.91
Smallmouth Bass | 0.72 | 0.50° 1.13* 0.79 0.64"* 0.67 1.93 0.36° 0.51 1.28 1.23 1.26* 0.89° 0.69 1.30° | 0.65"
Walleye 0.88 | 0.54* 0.99° 0.73 0.62* 0.88 1.83 0.35" 0.38 1.04 1.09* 1.07° 0.75 0.74 1.21* | 0.79°
Brown Trout 2.52] 1.01 1.07* 0.98 0.68° 1.18 3.74 0.60 1.36 1.47 1.12° 1.09° 0.94° 0.67° 1.16° 3.3
White Bass 3.00} 0.66 1.05* 0.78 0.61* 1.01 5.07 0.40 0.49 1.04 1.16° 1.13* 0.81° 0.63 1.17° 3.44
Northern Pike 0.77 ] 0.46* 1.23° 0.91 0.69" 0.73 1.01 0.44 0.66 1.41° 1.42° 1.38" 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° 1.17° 0.61° 0.56 1.10° 0.99
White Crapple 2.13| 0.60 1.29° 1.03* 0.83* 1.33 10.46 0.54 0.67 1.33" 1.33° 1.30° 0.95* 0.96° 1.34° 3.80
Bluetish 0.85] 0.56 1.23° 0.98* 0.69° 0.65 2.1 0.41 0.59 1.42° 1.42° 1.39* 0.98* 0.72* 1.31° 1.41

Values caiculated using whole body samples for bottom feeding species and fillet samples for Game Fish (predators).
Values below detection have been replaced by one-half detection limit for the given sample. Asterisk indicates all values below detection.

Units = pg/g.
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TABLE 5-3
Detailed Summary of Occurrence of Prevalent Dioxins/Furans by Fish Species

2378 12378 | 123478 | 123678 | 123789 | 1234678 2378 12378 | 23478 | 123478123678 123789 | 234678 1234678] 1234789

Fish Species TCDD | PeCDD| HxCDD | HxCDD | HxCDD | HpCDD | TCDF | PeCDF | PeCDF | HXxCDF | HxCDF | HxCDF | HxCDF | HpCDF | HpCDF
Bottom Feeders
Carmp 106/135 | 89/133 | 73/125 | 102/125]| 71/125 | 103/108 | 124/135 | 83/134 | 96/134 | 79/126 | 45/126 | 2/126 | 63/126 | 84/109 | /109
White Sucker 28/37 | 20/36 7/ 34 20/34 7/ 34 28/21 35137 19/37 | 27/37 14/34 | 4/34 1/ 34 8/ 34 16/31 2/ 31
Channel Catlish 12/19 1 13/17| 6/18 | 16/18 ] 12/18 | 18/18 | 16/19 | 9/19 | 15/19 | 9/18 | 5/18 | 0/18 | 8/18 | 10/18 | 1/18
Redhorse Sucker 9/15 [ 77151 1/14 9/14 | 3/14 12/13 | 14/15 [ 6/15 | 11/15 | 5/15( 1/15 | 6/15{ 3715 5/13 | G/ 13
Spotted Sucker 6/10 5/10 | 4/10 7/10 6/10 | 10/10 9/10 2/10 ] 6/10 } 2/10 | 1/10 ) 0/10 | 1/10 | 5/10 1/10
Game Fish
Largemouth Bass 34/75 110/73% 2/72 | 18/72 | S5/72 | 37/67 } 42/75 | 6/74 | 12774 |10/731 2/73 | 0/73 | 6/73 | 13/67 | 0/67
Smalimouth Bass 9/22 0/21 0/20 2/19 0/20 10/18 16722 0/22 5/22 1/20 1/20 0/20 0/20 1/718 0/18
Walleye 5/18 0/18 0/16 1/16 0/16 9/16 12/18 0/18 3/18 1/16 0/16 0/16 1/16 2/16 0/16
Brown Trout 2/8 3/7 0/7 1/7 0/7 2/8 6/8 2/8 4/8 2/7 0/7 0/7 0/7 0/6 0/6
White Bass 5/10 2/10 0/10 2/10 0/10 8/9 10/10 4/10 4/10 1/10 0/10 ] 0/10 0/10 1/9 0/9
Northern Pike 4/7 0/6 0/7 6/7 0s7 217 4/6 1/7 1/7 0/7 0/7 0/7 0/7 1/7 6/7
Flathead Catfish 3/6 3/6 1/6 4/6 1/6 5/6 2/6 1/6 2/6 2/ 6 0/6 0/6 2/6 3/6 0/6
White Crappie 1/8 1/8 0/7 0/7 0/7 217 3/8 1/8 1/8 0/6 0/7 0/7 0/7 Q/7 0/7
Bluelish 3/4 1/4 0/4 0/4 0/4 1/4 4/4 1/4 4/4 0/4 0/4 0/4 0/4 0/4 0/4

Values were determined using whole body samples for bottom-feeding species and tillet samples for game species.
First number indicates number of samples where detected; second number indicates total number of samples at ditferent sites far given species analyzed.
It more than one fillet or whole body sample of the same species at a site was analyzed, only the highest value was used.

139



TABLE 54

Average Fish Tissue Concentrations of Xenobiotics for Major Species

Heptachlor Mercury
Fish Species Alpha-BHC | Gamma-BHC| Biphenyl | Chlorpyntes Dicofol Dieldnin Endrin Epoxide {ng/q) Mirex Oxychlordane PCBs
Bottom Feeders
Carp 3.10 434 4.38 823 0.88 44.75 1.40 400 011 3.70 8 20 294113
White Sucker 3N 1.66 1.28 175 0.48 2275 024 109 0.11 4 35 3.10 1697 81
Channel Cat 2.87 3.17 1.24 697 059 15.44 9.07 050 0 09 14.59 6 41 1300 52
Redhorse Sucker 0.82 0.41 1.25 0.35 ND 538 097 ND 0.27 057 237 487.72
Spotted Sucker 1.45 2.63 3.35 0.56 0.05 552 ND ND 0.12 179 005 133 90
Game Fish
Largemouth Bass 0.15 0.07 0.38 023 0.20 5.01 ND 0.30 0.46 0.21 047 232 26
Smalimouth Bass 0.36 0.15 0.33 008 ND 2.34 ND 0.07 0.34 1.99 054 496 22
Walleye ND ND 0.40 0.04 ND 3.73 ND 0.21 0.51 008 1.1 368.65
Brown Trout 1.59 ND 0.81 ND 0.94 20.13 ND 2.08 0.14 43 98 538 2434 07
White Bass 0.34 0.79 0.62 1.32 ND 9.35 ND 140 0.35 0.11 084 288 35
Northern Pike 0.55 ND 0.59 11.43 0.31 9.04 ND ND 0.34 2.39 400 788 40
Flathead Cat 0.92 0.58 0.60 22 57 1.28 37.38 3.45 057 027 ND 063 521.19
White Crappie 0.23 ND 021 ND ND ND ND ND 0.22 ND ND 22 34
Bluefish 0.38 0.12 0.20 ND ND 2.87 ND ND 0.22 0.13 ND 368 06
Pentachloro- j Pentachloro- Total Total Hexachloro-
Fish Species anisole benzene DDE Chlordane | Nonachlor | 123 TCB 124 TCB 135 TCB ) 1234 TECB| Tnfluraln benzene
Bottom Feeders
Carp 16.50 1.04 415.43 67.15 63.15 1.54 4.77 008 0.30 12.55 3.58
White Sucker 9.06 0.39 78.39 18 42 20.83 0.16 0.30 0.14 0.15 ND 362
Channet Cat 39.60 1.32 6§27.77 54 .39 66.28 0.14 0.37 ND 0.88 1.00 2.36
Redhorse Sucker 2.87 0.02 87.25 16.48 3073 0.55 6.48 008 0.09 ND 058
Spotted Sucker 17.68 0.02 75.31 12.33 15.00 3.34 12.00 1.00 0.09 ND 0.02
Game Fish
Largemouth Bass 0.57 0.02 55.72 2.89 4.21 0.22 0.19 0.03 0.01 ND 0.20
Smalimouth Bass 0.23 0.02 33.63 401 7.82 0.70 0.59 0.04 0.04 ND 0.36
Walleye 0.76 ND 34.00 362 8.04 0.29 038 ND 0.004 ND 011
Brown Trout 0.09 0.60 158.90 7.25 32.60 1.10 0.98 ND 0.09 ND 3.06
White Bass 0.93 ND 17.44 10 67 16.00 0.21 0.10 ND 0.01 ND 0.83
Northern Pike 1.51 0.09 59.50 5.45 13.88 0.30 0.23 ND 0.01 ND 0.20
Flathead Cat 0.31 ND 755.18 16.07 14.04 0.10 0.18 ND ND 44.37 085
White Crappie 0.33 ND 10.04 0.34 0.28 0.08 0.08 ND ND ND ND
Btuefish 0.05 ND 29.13 7.74 7.56 6.25 4 66 057 ND ND ND

Values caiculated using whole body samples for bottom feeding species and fillet samples for Game Fish {predators). Values below detectuon have been set at zero.
Units = ng/g, unless noled.
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TABLE §-§
Detailed Summary of Occurrence of Prevalent Xenobiotics by Fish Species

Values were determined using whole body sampies for bottom-feeding species and fillet samples lor predalor species.

Fist number indicates number of samples where detected; second number indicates total number of samples at difterent sites tor given species analyzed.
It more than one fillet or whole body sample of the same species at a site was analyzed, only the highest vaiue was used.

Heptachlor

Fish Species Alpha-BHGC | Gamma-BHG| Biphenyl { Chiorpyrifos Dicolol Dieldrin Endein Epoxide Mercury Mirex Oxychlordane PCBs
Bottom Feeders
Carp 77/128 57/128 124/128 46/128 12/128 91/128 167128 33/128 111/133 55/128 36/128 122/128
White Sucker 24/35 18/35 33/35 717135 7135 24735 3/35 2/35 29/34 9/35 9/35 32/35
Channel Cat 7116 7116 16/16 9/16 4/16 11116 2/16 2116 167117 7116 6/16 15/16
Redhorse Sucker /14 4/14 14/14 314 0/14 8/14 2/14 0/14 14/15 /14 5/14 14/14
Spotted Sucker 10 2/10 10/10 1/10 1/10 5/10 0/10 0/10 9/10 6/10 1/10 9/10
Game Fish
r_L_ggomoulh Bass 531 3731 29/31 4/31 7/31 9/31 0731 2/31 65/66 6/31 4/31 26/31
Smalimouth Bass 4/15 215 15/15 115 0/15 8/15 0/15 115 20/20 &/15 15 14/15
Waleye 0/8 0/8 8/8 1/8 0/8 3/8 0/8 2/8 19/19 2/8 2/8 8/8
Brown Trout 1/3 /3 3 0/3 1/3 273 0/3 2/3 7/8 2/3 2/3 3/3
White Bass KIS 4/5 5/5 s 0/5 55 1/5 2/5 6/6 5 2/5 5/5
Northern Pike 1/6 0/6 6/6 36 2/6 3/6 0/6 0/6 77 3/6 1/6 5/6
Flathead Cat 2/4 1/4 4/4 4 1/4 4/4 1/4 1/4 6/6 0/4 1/4 4/4
White Crappie 174 O/4 4/4 C/4 o4 0/4 /4 0/4 577 0/4 0/4 /4
Bluefish 113 1/3 23 073 0/3 213 0/3 0/3 33 1/3 012 3/3

Pentachioro-| Pentachloro- Total Total Hexachloro-

Fish Species anisole benzene DDE Chiordane | Nonachlor | 123 TCB 124 TCB 135 TCB | 1234 TECB| Tritluralin benzene
Bottom Feeders
Carp 1037128 42/128 126/128 109/128 114/128 35/128 60/128 14/128 16/128 311128 72/128
White Sucker 25/35 7/35 34/35 24/35 24/35 9/35 18/35 2735 5735 0/35 16735
Channel Cat 11/16 4/16 16/16 12/16 14/16 3/16 7/116 0/16 2/16 1/16 /16
Redhorse Sucker 11714 1/14 14/14 714 10/14 &/14 6/14 2/14 2/14 0/14 4/14
Spotted Sucker LA 110 9/10 710 8/10 ° 7110 8/10 2/10 110 0/10 210
Game Fish
Largemouth Bass 6/31 1/31 31/31 12/31 18/31 17/3% 17/31 N 1/31 0/31 6/ 31
Smalimouth Bass 4/15 1/15 15/15 8/15 9/15 9/15 8/15 1/15 3/15 0/15 5/14
Waleye &8 0/8 8/8 4/8 3/8 378 3/8 0/8 1/8 0/8 2/8
Brown Trout 13 2/3 373 2/3 2/13 313 3/3 073 13 0/3 2/3
White Bass 5/5 0/5 55 4/5 5/5 4/5 5 0/5 1/5 1/5 3/5
Northern Pike 2/6 1/6 66 /6 4/6 36 216 0/%6 1/6 0/6 1/6
Rathead Cat 214 0/4 4/4 /4 4/4 114 2/4 0/4 0/4 3/4 2/4
White Crappie 1/4 0/4 4/4 1/4 174 1/4 2/4 /4 0/4 0/4 074
Bluefish 1/3 0/3 2/3 3/3 373 33 33 173 0/3 0/3 0/3

141




their major food source. Adults consume fish, snails, plants, bottom 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. Itis 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 worms, and the adults consume fish,
fish eggs, mud, plants, algae, insects, mollusks, and zooplankton.

Channel Catfish

The channel catfish ([ctalurus 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
take 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-sized 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 Aprilin 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 tine rubble. 10 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 aduits teed 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 (Micropterus salmoides) 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 teed on algae, zooplankton, and insect
larvae, while the adults feed on fish, crayfish, mammals, large insects, and amphibians.

Smallmouth Bass

The smalimouth 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 aduits consume mostly fish, but will also eat insects, crayfish, and
lamprey eels.



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 truita) 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 zooplankton and insect larvae,
and the adults eat mostly fish but will also consume larval insects, insects, leeches, snails, crayfish,
freshwater shrimp, and worms. The brown trout is known to eat more fish than the other species
of trout.

Flathead Cattish

The flathead catfish (Pylodictis olivaris) is generally found in the central parts 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 lugius) is found in the northeastern and north central parts 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 insects, 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. Itis
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 bluetish (Pomatomus 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 sampies analyzed in the study. These included 4 dungeness crabs,
2 hepatopancreas organs of crabs, 3 crayfish, 3 soft shell clams, 2 pacific oysters, 1 unidentified
oyster, 1 unidentified mussel, and 1 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. The 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 filter feeders and
consume similar types of food. The 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 oysters 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 tillet concentration data shown
in AnnPnr‘hx D. Most of the fillets were from game fish, but a few were from bottom teeders hlmlv
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to be consumed by humans. Carcinogenic nsks were estimated for 14 of the xenobiotic compounds
for which cancer poiency factors were available. Noncarcinogenic risks were estimated for the 21
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 natterns, and the acmal number of mnnla axnosed. Information on the cnnr-trr- haalth
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effects of the study compounds and aquatic or w:ldllfe 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 182 sites for mercury and 106 sites
for the xenobiotic compounds, excluding dioxins and furans. Risks were calculated using the

avoraoa fillat rAancantratinn at aach cita far tha fauwr nlarse whoro maors than nana fillat rAancantratinn
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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 140 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
- Biphenyl Hexachlorobutadiene
- alpha-BHC Isopropalin
» gamma-BHC (Lindane) Mercury
« Chlordane Mirex
»  Chlorpyrifos Pentachloroanisole
- p,p-DDE Pentachiorobenzene
.« Dicofol Pentachloronitrobenzene
- Dieldrin Polychlorinated biphenyls (PCBs)
« Endrin 1,2.4 S Tetrachlorobenzene

. Heptachlor

. ncpmuum cpumuc
. Hexachlorobenzene

1,2,4 Trichlorobenzene

Ml flecnllcm
1111iulaitl
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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
thatcould 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). Consequenty, reference dose (RfD)
values have been established for many carcinogens and are used in the evaluation of potental
noncarcinogenic effects.

Key dose-response variables used in quantitative risk estimates are cancer potency factors
(CPFs) for carcinogens and RfD values for noncarcinogens. The carcinogenic potency factor
(expressed in units of (mg/kg/day) ) is typically determined by the upper 95 percent confidence
limit of the slope of the linearized muitistage model that expresses excess cancer risk as a function
of dose. The RfD (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
RfD 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 RfD 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 (RfD)
Analyte (mg/kg/day)! Rating (mg/kg/day)
Bipheny! — NA 5.00x102°
Chlordane 1.30x10% B2 6.00x107>
Chlorpyrifos — NA 3.00x107¢
DDE (p.p-) 3.40x1071¢d B2 5.00x10™4¢4
Dicofol (Kelthane) 4.40x10°1° C —
Dieldrin 1.60x101¢ B2 5.00x10°>¢
Endrin — D 3.00x107
Heptachlor 4.50x10% B2 5.00x107¥
Heptachlor epoxide 9.10x10% B2 1.30x10¢
Hexachlorobenzene 1.70x10%f B2 8.00x107%¢
Hexachlorobutadiene 7.8x10°% C 2.00x103¢
Isopropalin — NA 1.50x10°%¢
a-Hexachlorocyclohexane 6.30x10% B2 —
y-Hexachlorocyclohexane 1.30x10% B2 3.00x10™4¢
Mercury — D 3.00x107%
Mirex 1.80x10% R 2.00x10°%
Pentachloroanisole 1.60x10728 D,R 3.00x107281
Pentachlorobenzene — D 8.00x10
Pentachloronitrobenzene — pending 3.00x1073¢
Polychlorinated biphenyls 7.70x10% B2 1.00x10™8
1,2,4,5 Tetrachlorobenzene — D 3.00x10
1,2,4 Trichlorobenzene — D 2.00x107%¢
Trifluralin 7.70x107¢ C 7.50x10°¢

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

Value from PHRED (1988).

Value from IRIS 1989 (data current as of 9/89).

Value is for DDT. DDE is assumed to bave similar toxic properties.

Value from ATSDR (1987).

Value from HEAST (U.S. EPA, 1989c¢).

Value from EPA Region X toxicologist

R{D for Arochlor 1016.

e mo QOO
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« Defining chemical concentrations to be used,
+ Selecung consumption rates for various segments of the population, and
. Estimating chemical doses.

The detected fillet concentration at each site was used to estimate risks. [f more than one
fillet 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. Fillet composite samples consisting of fewer 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, 1980a),

« 30 g/day, which is representative of the average fish consumption rate by average sport
fishermen (U.S. EPA, 1989b); and

« 140 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, 1989b).

Risks for consumption rates of 6.5 g/day, 30 g/day, and 140 g/day can be read directly from
the nomographs in Appendix B. The nomographs can be used to estimate risks at consumption
rates between 1 and 1000 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, 1986b, 1989d). Exposure doses were determined using an equation that assumes a

constant daily fish ingestion rate over a lifetime (70 years).

D,‘j=(C,' x Ij)/W

where:
Dy = estimated dose (mg/kg/day) for chemical i at ingestion rate j
Ci = concentration of chemical i in fish or shelifish
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-
ability of excess cancer using the equation:
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Rij=1-exp(-Djj x P;)

where:
Rij = Risk associated with chemical i at consumption rate j
P; = Carcinogenic potency factor tor chemical i (mg/kg/day)'1
Dij = Dose of chemical i at consumption rate j (mg/kg/day).

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

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

Hij = Dij/RfDi
where:
Hy = Hazard index of chemical i at consumption rate j
Dj; = Dose of chemical i at consumption rate j (mg/kg/day)
RID; = 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, RfD). If the value of the hazard index is less
than 1.0, 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 10 to 10 for each of the chemicals with CPF values. The highest lifetime risk levels are
associated with total PCBs. The cancer risk exceeded 10 at 42 of 106 sites for total PCBs, for a
fish consumption rate of 6.5 g/day. PCBs also exceeded 1073 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 RfD values from those for chlordane, so were not added.
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TABLE 6-2
Estimates of Potential Upper-Bound Cancer Risks
at Targeted Sites Based on Fillet Samples®’

No. of

Sites with
Chemical Maximum® Meand Median® Fillet Data
PCBs 3.7x1073 3.4x107 6.0x10™ 106
DDE 8.9x107 4.1x10°0 4.6x10”’ 106
Combined Chlordane’ 9.3x107 3.6x10°6 5.5x1077 106
Dieldrin 6.0x1074 2.2x107 1.2x10° 106
a-Hexachlorocyclohexane 1.0x107 4.4x1077 — 106
y-Hexachlorocyclohexane 8.1x10°° 3.6x10°8 — 106
Hexachlorobenzene 8.Ox10'6 2.5)(10'7 — 106
Heptachlor 1.2x1077 1.1x1077 — 106
Heptachlor Epoxide 3.4x107 8.7x10° — 106
Mirex 3.8x107° 7.4x10” — 106
Trifluralin 8.3x10°8 1.7x10™° — 106
Dicofol 6.1x107 2.8x10°8 — 106
Hexachlorobutadiene 6.4x107 7.1x107 — 106
Pentachloroanisole 7.2x10°8 2.0x10™ — 106

3Consumption rate of fish set at 6.5 g/day.

BCancer Potency Factors used are given in Table 6-1.

<4< Risk shown is associated with maximum, mean, and median fillet concentration at targeted sites.
Values below quantification set at zero.

f{Combined chiordane is the sum of cis- and trans-chlordane isomers, cis- and trans-nonchlor isomers, and

oxychlordane.

gDash indicates median fillet concentration was below detection.
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TABLE 6-3
Estimates of Potential Upper-Bound Cancer Risks at Backgroundd Sites
Based on Fillet Samples

No. of
‘ Sites with
Chemical Maximum? Mean® Median® Fillet Data
PCBs 3.2x107 8.0x100 — 4
DDE 1.4x10°6 4.1x10”7 1.4x10°77 4

Consumption rate of fish set at 6.5 g/day.
CPF values used are given in Table 6-1.
Dash indicates median fillet concentrauon was below detection.
* BCRisk shown is associated with maximum, mean, and median fillet concentration at background sites.
Values below quantification were set at zero.

iis important to note that background risks are estimated from a small number of samples. Also, as

indicated in Chapter 2, the background sampies were, in some cases, selected for purposes of comparison

and do nol necessarily represent areas completely free from point and nonpoint sources of pollution.
Note:
All fillet concentrations at background sites were below detection for dieldrin, chlordane, alpha-BHC, gamma-BHC,
hexachlorobenzene, heptachlor, heptachlor epoxide, mirex, trifluralin, dicofol, hexachlorobutadiene, and
pentachloroanisole.
e ———— ———————————— ———— ——————————— ————
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TABLE 6-4
Fish Tissue Concentrations Used to Estimate Cancer Risks

TARGETED SITES
No. of
Sites with
Chemical Maximum Mean Median Fillet Data
PCBs 5148.1 4774 84.5 106
DDE 2820 130.6 14.6 106
Combined Chlordane 770 206 4.6 106
Dieldrin 405 15.1 0.8 106
o-Hexachlorocyclohexane 17.5 0.75 ND 106
y-Hexachlorocyclohexane 6.68 0.30 ND 106
Hexachlorobenzene 50.7 1.6 ND 106
Heptachlor 0.28 0.003 ND 106
Heptachlor Epoxide 40.7 1.0 ND 106
Mirex 225 4.42 ND 106
Trifluralin 116.0 2.35 ND 106
Dicofol 14.9 0.68 ND 106
Hexachlorobutadiene 88.3 0.98 ND 106
Pentachloroanisole 48.6 1.3 ND 106
Units are ng/g unless noted.
BACKGROUND SITES

No. of

Sites with
Chemical Maximum Mean Median Fillet Data
PCBs 44.8 11.2 ND 4
DDE 43.0 13.0 4.4 4

All fillet concentrations at background sites were below detection for dieldrin, chlordane, alpha-BHC, gamma-BHC,
Hexachlorobenzene, heptachlor. heptachlor epoxide., mirex, trifluralin, dicofol, hexachlorobutadiene, 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 LEVEL (Cumulative)
No. of Sites
with Fillet >10°% >10°5 >10™ 10
Chemical Data_ (>1in 1,000,000) (>1in100,00) (>1in10,000)  (>1 in 1,000)
PCBs 106 89 79 42 10
Dieldrin 106 53 31 6 0
Combined Chlordane 106 44 10 0 0
DDE 106 40 10 0 0
Heptachlor Epoxide 106 9 2 0 0
Alpha-BHC 106 11 1 0 0
Mirex 106 8 2 0 0
HCB 106 5 0 0 0
Gamma-BHC 106 0 0 0 0
Heptachlor 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 (Cumulative)
No. of Sites
with Fillet >10°° >10"* >107
Chemical Data (>1in 1.000,000) (>1 in 160,000) (>1 in 10,000) (>1 in 1,009)
PCBs 4 1 1 0 0
DDE 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 sampies.

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 10 3 for PCBs at 6 S O/day and 30 g/day Al the higher consumpuon rate of

41‘! n/r{nu agtim A r
(93

As a final step in the risk characterization, a graphical tool was developed for estimating
potennal health risks at consumption rates from | to 1,000 g/day for all chemicals that exceeded a

107° risk level. These nomographs are included in Appendix B. As an example, the graph for
estimatine the (‘armnnopmr' risks from p n -DDE is shown in Figure 6-1. Ineach oranh the methods
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and assumptions outlmed 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

crmaFim memcircaa bl mia cmm b b o mleram osda
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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 | (meaning adverse effects may occur)
at Oluy afew '?‘u.fgacu siies for PCBs, mirex, and combined chlordane. The hazard indices associated
with the mean and median concentrations for these same chemicals were less than 1.0. 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 determine whether

the hazard index would exceed a value of 1 at consumption rates between 1 and 1, 000 g/day. For
example, using the maximum DDE concentration at targeted sites (2,819 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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TABLE 6-6
Estimated Upper-Bound Risks at Three Fish Consumption Rates Based on Fillet Samples

Maximym Mean Median
Background 6.5 30 149 _Background 6.5 30 140 Background 6.5 30 140
PCBs 32x10°  15x10*%  69x10°  PCBs 80x10°  37x10°  17x10°  PCBs ] i ]
DDE 14x10%  64x10® 30x10°  DDE 41x107  19x10%  88x10®  DDE 1ax107  64x107  3.0x10°
Targeted 6.5 30 140 Targeted 6.5 30 140 Targeted 6.5 30 140
PCBs 37x10°  17x10%  76x10°  PCBs 34x107  1ex107  73x10°  PCBs 60x10°  28x10”  13x107
DDE 89x107°  41x10*  19x10°  DDE 41x10°  19x10°  89x10°  DDE a6x107  2.1x10%  99x10°
Combined  93x10°  43x10*  20x10°  Combined  36x10°  16x10°  77x10°  Combined s6x107  26x10%  1.2x107
Chlordane Chlordane Chlordane
Dicofol 6.1x107  28x10°%  13x10°  Dicofol 28x10%  13x107  60xi07  Dicofol - - .
Dieldrin 60x107*  28x10°  13x10%  Dieldrin 22x10°  10x307  48x10*  Dicldrin 12x10%  55x10®  2.6x10°
o-Hexachloro- 1.0x10°  46x10°  22x10*  «-Hexachloro- 44x107  20x10%  94x10®  a-Hexachloro- - . ;
cyclohexane cyclohexane cyclohexane
¥-Hexachloro- 8.1x107  37x10°  1.7x10°3 ¥-Hexachioro- 3.6x10°8 1.7x10" 7.8x10°® y-Hexachloro- - -
cyclohexane o s . cyclohexane . 6 o cyclohexane
Hexachloro- 8.0x10 37x10 1.7x10 Hexachloro-  2.5x10 1.2x10 54x10 lexachloro- - - -
benzene benzene benzene
Hexachloro-  6.4x107  3.0x10°  14x10°  Hexachloro-  7.1x10°  33x10%  15x107  Hexachloro- - - -
butadiene _ butadiene butadiene
Heptachlor  12x107  54x10®  2.5x10°  Heptachlor  * . . Heptachior ; . -
Heptachior Heptachior Heptachlor - - -
Epoxide 34x10°  16x10%  73x10%  Epoxide $4x107  39x10°  1.8x10°  Epoxide - - -
Mirex 38x10°  1.8x10%  82x10*  Mirex 74x107  3.4x10%  16x10°  Mirex . - -
Pentachloro-  7.2x10°  33x107  1.6x10®  Pentachioro  19x10°  89x10%  42x10%  Pentachloro- - - -
anisole anisole anisole

Trifturalin 83x10%  38x107  1.8x10°C Trifluralin 17x10°  78x107  3.6x10%  Trifluralin

Basis: Used upper-bound CPFs (Table 6-2) fish consumption rates of 6.5, 30, and 140 g/day.

Dash indicates concentration was reported as not detected.

'()nly one value was above detection, so risk not computed.

Combined chlordane is the sum of cis- and trans-chlordane isomers, cis- and trans-nonachlor ssomers, and oxychlorane.
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Excess Cancer Risk
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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 Sites
Based on Fillet Samples

TARGETED
No. of

Sites with

Chemical Maximum Mean Median Fillet Data
Bipheny! 9.8x107 2.0x10° 3.5x107 106
Combined Chlordane 1.2 4.6x1072 7.1x10°3 106
Chloropyrifos 2.4x107 6.4x107 ND 106
DDE 5.2x10°! 2.4x1072 2.7x1073 106
Dieldrin 7 5x10°! 2.8x10°° 1.5x107 106
Endrin 4.3x10°§ 9.6x10‘§ ND 106
y-Hexachlorocyclohexane 2.1x1 0'3 9.3x1 0'4 ND 106
Hexachlorobenzene 5.9x10 1.9x10 5 ND 106
Heptachlor 5.2x1 o‘f 5.6x10°] ND 106
Heptachior Epoxide 2.9x1 0'3 7. 1x10° ND 106
Hexachlorobutadiene 4.1x10° 4.6x10 ND 106
Isopropalin N N NI% 106
Mercury 5.1x10° 9.0x1 0'1 7.1x10 182
Mirex 10.45 2.1x10° ND 106
Pentachloronitrobenzene 2.7x107 2.5x10° ND 106
Pentachlorobenzene 6.0x10™° 1.3x107* ND 106
Pentachloroanisole 1.5x10™ 40x10°° ND 106
PCBs 4.78 4.4x107! 7 8x107° 106
1,2,4,5 Tetrachlorobenzene 8.8x10'3 1.2x10';’ N 106
1,2,4 Trichlorobenzene 4.8x10° 7.2x10 6.5x10° 106
Trifluralin 1.4x107 2.9x10° ND 106

BACKGROUND
No. of

Sites with

Chemical Maximum Mean Median Fillet Data
Bipheny! 3,7x10'; 2.2x10‘; 2.5%107 4
Combined Chlordane 5.0x1 0'1 1A07n:10:1 Npl 4
Mercury 5.5):10:6 1.5x10_6 1.2)‘:10_6 1
1,2,4 Trichlorobenzene 3.3x10 5 1.6x10 5 1.5x10 4
PCBs 4.2x10-3 1,0)(10'3 N 4
p,p’-DDE 8.0x10" 2.0x10° 1.0x10° 4

(All other chemicals were not detected in background samples)

Consurnption rate of fish at at 6.5 g/day. RfD 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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p,p’-DDE NONCARCINOGENIC EFFECTS
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Figure 6-2. Graphical tool for estimating upper-bound noncarcinogenic hazard index of
p,p’-DDE for different fish consumption rates.
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Glossary

Btioaccumulation

BCF

CPF

Combined
Chlordane

Congeners

GC/MS

Hazard Index

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 equilibrium condition of exposure.

The bioconcentration factor (BCF) is the partition coefficient for the distri-
bution of chemical between water and an organism exposed only through
water. BCF = C/Cw, where C = concentration of a chemical in wet tissue
(etther 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 of a chemical to occur in fish tissue samples. BCF values
given in the chemical profiles in Volume Il are based on water and fish tissue
concentrations.

Cancer potency factor expressed in units of (mg/kg,/day)'l 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 model for extrapolation of cancer from
high to low doses. Cancer risks derived using this approach are referred to
as upper-bound risks.

Combined chlordane is the sum of cis- and trans-chlordane isomers, cis- and
trans-nonchlor isomers, and oxychlordane.

Related chemical compounds with same basic structure but different number
of substitutions (e.g., chlorine). Examples of congeners investigated in this
project include the chiorinated 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.

Gas chromatography/mass spectrometry, a laboratory analytical method
used in this study for PCDDs, PCDFs, and other xenobiotic compounds.

Ratio of dose of a chemical to the level at which noncarcinogenic effects are
not expected to occur (reference dose or RfD). 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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[somers

NPL

PCDDs
PCDFs

RfD

TEC

TEF

TEQ

Total Chlordane

TTR

Xenobiotic
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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
CERCLA/SARA, 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., 1989).

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., 1989). This term
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 QA/QC 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 confirmation sampling using a second GC column. The total number of QA/QC
samples of each type is listed below:

Number of Analyses
Reference Fish 142
Method Blanks 135
Duplicate Samples 117
Confirmation Samples 41
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 sampies and is defined as follows:

B =(100(Ca - Cp)T)-100

where:
B = percent bias
Ca = measured concentration of analyte after spiking
Co = original concentration in sample
T = amount of spike added to sample.

Reference fish, not containing dioxin/furan, were used in this study to determine bias. The
QA/QC criteria, listed in Table A-2, specify that the bias be £ 50 percent for tetra- and penta-
dioxin/furan congeners, * 100 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 Determination of
Mercury in Fish (U.S. EPA, 1989a). Method bias prior to the use of the uridecane solvent was, in
general, lower. Mean recovery for the dioxins/furans ranged from 94 percent to 109 percent. The
percent bias ranged from +9 percent to -6 percent. Thus, the above criteria for bias were met.

The bias QA/QC 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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TABLE A-1
Laboratory Quality Assurance Procedures

1. Allinstrument 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. Resolthion of 1,2,3,4 TCDD from 2,3,7,8 TCDD must be 0.75
2. The R“ value of the regression of the relative retention time of all

bi(())sgi giﬁcanl PCDD/PCDF to the library relative retention should not be
<0.

3.  Elution of all PCDD/PCDF during analysis from a GC window defining
solutions of select PCDD/PCDF congener groups (first eluted/last eluted)

3.  Mass Spectrometry (MS) performance
a)  Xenobjotics

1.  Sensitivity (signal-to-noise ratio, 3.0 for m/z 198 from injection of 10.0 ng
decafluorotriphenylphosphine [DFTPP))

2. Spectral quality (intensity of ions in the spectrura of DFTPP must meet
specified criteria)

b) PCDD/PCDF

1.  Sensitivity and linearity were evaluated using calibration standards (in pg/ul
tridecane) which varied in concentration

2.  Mass resolution was a minimum of 5,000 (10% valley definition)

3.  Percentrelative standard deviations for the mean response factors were <20%

4.  Gel Permeation Chromatography (GPC) performance
a)  Xenobiotics

1.  Column flow rate (not vary by more than 0.2 mi/min)
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 bly its ability to resoive cholesterol from a select model target
analyte, dieldrin
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TABLE A-2
Quality Assurance Parameters for Dioxins and Furans

Method? Accuracy’  Precision® SN
Ion Ratio Efficiency at 10 pg/g at 10 pg/g Minimum
TCDD 0.76115% >40%,<120% 150% +50% 3.0
PCDD 0.61£15% >40%,<120% 50% +50% 3.0
HxCDD 1.23£15% >40%,<120% +100% +100% 3.0
HpCDD 1.02£15% >40%,<120% +100% +100% 3.0
TCDF 0.76£15% >40%,<120% 50% +50% 3.0
PCDF 1.53t15% >40%,<120% 1£50% 150% 3.0
HxCDF 1.23+15% >40%,<120% +100% +100% 3.0
HpCDF 1.02+£15% >40%,<120% 200% 200% 3.0

* Variance of measured value from actual.
® Variance of difference of duplicates from mean.
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Bias Analysis for PCDDs/PCDF's

Mean
Chemical Recovery Stan. Dev. % Bias
2,3,7,8 TCDF 109 16 9
2,3,7.8 TCDD 102 13 2
1,2,3,7,8 PeCDF 104 14 4
2,3,4,7,8 PeCDF 104 12 4
1,2,3,7,8 PeCDD 100 13 0
1,.2.3.4,7.8 HxCDF 95 10 -5
1,2,3.6,7,8 HxCDF 104 17 4
2,3.4,6,7,.8 HxCDF 96 11 -4
1,2,3,7,8,9 HxCDF 94 12 -6
1,2,3,4,7,8 HxCDD 99 24 -1
1,2,3,6,7,8 HxCDD 108 13 8
1,2,3,7,8,9 HxCDD 96 11 -4
1,2,3,4,6,7,8 HpCDF 99 11 -1
1,2,3,4,7,8,9 HpCDF 104 14 4
1,2,3,4,6,7,8 HpCDD 103 12 3
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Trichlorobenzenes (1,3,5-; 1,2,4-; and 1,2,3-);
Tetrachlorobenzenes (1,2.4,5-; 1,2,3,5-; and 1,2,3.4-);
Pentachlorobenzene; 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 130 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 101 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 determined from two spiking levels (Analytical
Procedures and Quality 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 semivolatile 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 +14. The average analyte recovery was 73.8, well within the overall QA/QC
criteria.

The QA/QC criteria for mercury are listed in Table A-7. The amount of tissue analyzed
decreased from 1.0 g to 0.2 g in 1990 to obtain results within the instrument calibration range
established at a lower detection limit. The detection limit for samples analyzed in 1990 was 0.0013
pg/g tissue. Analysis and EPA reference fish (mean value 2.52 pug/g, standard deviation (s) = 0.64)
throughout the study gave a mean mercury value of 2.87 pg/g (s = (0.08). This gives a bias of +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, 1989a). The original Work Plan for the study (U.S. EPA,
1986a) 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

A-1-5



TABLE A-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 ot 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.

S. Percent recovery of each surrogate standard must be determined and must be within 25 and
130 percent for iodonaphthalene and 50 and 130 percent for 4,4’ -diiodobiphenyl.

6. Average analyte recovery for all target analytes must be greater than 35% but less than
130%, and for the fortified analytes (except several chlorobenzenes, biphenyl, and
hexachlorobutadiene) recovery must be within a range of 50 to 130 percent.

k- - - - - — - ]

TABLE A-§
Bias Analysis for Polychlorinated Biphenyls
Mean
Chemical Recovery Stan. Deyv. % Bias
Tetrachlorobiphenyl 63 16.5 -37
Pentachiorobiphenyl 90 12 -10
Hexachlorobiphenyl 108 11 8
Heptachlorobiphenyi 99 23 -1



TABLE A-6

Bias Analysis for Xenobiotics

Mean
Chemical Recovery Stan. Deyv. % Bias
1,3,5 Trichlorobenzene 25 7 -75
1,2,4 Trichlorobenzene 25 11 75
1,2,3 Trichlorobenzene 21 11 -79
1,2,4.5 Tetrachlorobenzene 32 16 -68
1,2,3,5 Tetrachlorobenzene 39 12 -61
Biphenyi 27 10 -73
1,2,3,4 Tetrachlorobenzene 33 1S -67
Pentachlorobenzene 43 16 -57
Trifluralin 86 25 -14
alpha-BHC 67 18 -33
Hexachlorobenzene 58 16 -42
Pentachloroanisole 67 18 -33
gamma-BHC (Lindane) 64 16 -36
Pentachloronitrobenzene 71 19 -29
Diphenyl disulfide 82 26 -18
Heptachlor 68 18 -22
Chlorpyrifos 106 16 6
Isopropalin 84 49 -16
Octachlorostyrene 96 24 -4
Heptachlor epoxide 88 11 -12
Oxychlordane 76 14 -24
Chlordane, trans 92 15 -8
Chlordane, cis 97 24 -3
Nonachlor, trans 96 22 -4
p.p'-DDE 95 23 -5
Dieldrin 100 14 0
Nitrofen 114 20 14
Endrin 102 14 2
Perthane 78 32 -22
Nonachlor, cis 99 22 -1
Methoxychlor 55 27 -45
Dicofol 96 27 -4
Mirex 90 20 -10
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TABLE A-7
QA/QC Criteria for Mercury Analyses

Samples are analyzed in batches of 20 to 25, with at least 20% additional reagent blank
and duplicate samples per batch.

The detection limit for a batch analysis is not to exceed 50% above the detection limit of
0.050 pg/g tissue, or samples are reanalyzed.

Complete reagent blanks are to produce a mercury signal equivalent to less than 0.15
ng/g tissue.

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.

The standard deviation for batch duplicates is not to exceed two times the standard
deviation tor the optimum determined value. Samples outside this range are reanalyzed.

Analysis of EPA reference samples for mercury in fish is used to assess accuracy.
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TABLE A-8
Intralaboratory Precision Measurements for Replicate Pairs for PCDD/PCDF Analysis

# of Concentration
Chemical Observations Precision” (pg/g) Range (pg/g)
2,3,7,8 TCDF 51 $=0.07X 1to 100
2,3,6,7 TCDF 13 $=0.08X 1to 30
2,3,7.8 TCDD 41 s=0.08X 1to 120
1,2,3,7,8 PeCDF 14 s=0.21 1to 10
2,3,4,7.8 PeCDF 29 $=0.09X 1to 50
1,2,3,7,8 PeCDD 25 s=0.91 1 to 30
1,2,3,4,7,8 HxCDF 18 s=1.37 1to 50
1,2,3,6.7,8 HxCDF g s=0.11X 11030
2,3,4,6,7,8 HxCDF 11 s=0.17X lto$s
1,2,3,4,7,8 HxCDD 11 $=0.13X 11010
1,2,3,6,7,8 HxCDD 29 s=0.11X 1to 35
1,2,3,7,.8,9 HxCDD 8 s=0.11X 1to 10
1,2,3,4,6,7,8 HpCDF i1 $=0.77 1to 15
1,2,3,4,6,7,8 HpCDD 33 s=0.08X 2to 150

X = concentration
s = standard deviation
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TABLE A-9
Intralaboratory Precision Measurements for Replicate Pairs for Xenobiotic Analysis

Number of Concentration
Chemical Observations Precision® (ng/g) Range (ng/g)
1,3,5 Trichlorobenzene 5 s=13.05 40 10 100
1,2,4 Trichlorobenzene 5 s=0.28X 8to 120
1,.2,3 Trichlorobenzene 5 §=5.39 15t0120
Hexachlorobutadene 6 $=0.39X 30to 150
Biphenyl 5 s=0.19X 410110
1,2,3,4 Tetrachlorobenzene 6 $=0.35X 30to 150
Pentachlorobenzene 5 $=0.04X+5.04 50 t0 200
Trifluralin 6 s=0.19X 2.5t0 150
alpha-BHC 7 $=0.05X+1.70 2.5t0250
Pentachloroanisole 10 §=0.25X 2.5t0 240
gamma-BHC (Lindane) 8 $=0.12X 3to 240
Pentachloronitrobenzene 5 $s=38.81 70 to 280
Heptachlor 6 §=7.44 5010250
Chlorpyrifos 8 §=0.05X+8.09 4 to 300
Isopropalin 7 $=38.43 10 to 500
Heptachlor epoxide 6 s=0.13X 1510 260
Oxychlordane 11 s=0.12X 410300
Chlordane, trans 14 $=0.10X 3 to 300
Chlordane, cis 13 $=0.10X 3 t0 200
Nonachlor, trans 21 s=0.16X 4 to 400
p.p’-DDE 29 $s=0.17X 10 to 400
Dieldrin 17 $=0.10X 3to 400
Endrin 5 §=0.10X 100 to 500
Nonachlor, cis 13 s=0.13X 510 300
Dicofol S $=0.03X+5.66 20 to 300
Mirex 5 $=0.07X 4 to 300
Tetrachlorobipheny! 14 s=0.17X 10 to 280
Pentachlorobiphenyl 26 s=0.16X 7 to 1000
Hexachlorobiphenyl 28 s=0.14X 8 to 1000
Heptachlorobiphenyl 21 $=8.33 7 to 120
Octachlorobiphenyl 6 s=0.15X+1.41 6 to 100
Hexachiorobenzene 4 N/A 2t036

*X= concentration
s = standard deviation

T
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standard deviation, s, and coetficient 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 reported as s = (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:; 1.2,3,4,7.8 HxCDF:; 1,2,3,4.6,7,8 HpCDF: 1,3,5 and 1,2,3 trichlorobenzene;
pentachloronitrobenzene; 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 conclustons.

Mercury precision for replicate pairs was estimated as s = 0.047 pg/g in the concentration
range of 0.08 ug/g to 1.79 pg/g for 20 samples.

DATA COMPLETENESS

The original work plan (U.S. EPA, 1986a) specified a target for data completeness of 80
percent. 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/QC 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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FOREWORD

Directed by Congressional mendate, the U.S. Environmental Protection Agency
during 1983 initiated the WNstional Dioxin Study, s survey of environmental
contamination by 2,3,7,8-tetrachlorodibentzo-p-dioxin (TCOD) in the United
States. Results of this study are published in the Nationel Dioxin Study:
Tiers 3,5,6, and 7, EPA 400/4-82-003. This laborstory, the Environmental
Researcn Laboratory- Duluth, was responsible for ocne part of the Study, the
analysis of fish samples. The most significant findings of these analyses
the observation that fish contamination was more widespread thsn previously

thought, and that a primary source of TCDD was discharge from pulp and paper
production using chlorine.

was

A second more detailed charscterization of anthropogenic organic chemical
contaminants in fish was conducted in subsequent analyses during what is now
called Phase [[ of the Nationsl Dioxin Study. This document describes the
analytical methods used for the determination of the lLevel of contamination of
fifteen biosignificant polychiorinated dibenzo-p-dioxins and dibenzofursns 1n
fish. A companion document (EPA /600/3-90/023) describes the enalytical
used for the determination of levels of contamination of polychlorinated
biphenyls, pesticides, and industrisl compounds in those same fish.

methecgas

12/89 QA/QC PCOD/PCOF iv



TABLE OF CONTENTS

e O o O - |
ACKNOWLEDGEMENTS . . ... it tiotnnnsoarossanenenn L i
FOREWORD . .ttt ittt ittt et e e et st s eaennsoneeennoeenennne, iv
I. L - - RV - 1

I, Sample Preparation

A. Lo I Y IR T - 3

B. B P Bt iON. ittt i ettt e s e e 3

C. Percent Lipid DeterMination. ... u it iinrneenneenennonenenas 3

D. Anthropogenic Chemical lsoldtion....... ..ot iiiinnunnnnn. 5

E. Florisil CRArOmMAatOgraphY . @i .ottt itonetonaenonennennenennsas 5

F. PCODD/PCDF 180l Mt ion. @i ittt et eetanosnssassneeneeennonnenanas 5

Iir. Reasgents and Standards............. e e et e b ed e e e e 6
A. Reagents...... f e e et a et ee et ettt e 6

B. Standards.......icoeneensnsesnnas et et et e et et e e e 7

v [nstrumental ParamMOter S . . ... ... i ierososoasroneoeesnnnoennennnns 12
v Quality Assurance/Quality Control. ... vt eteeeensennensenenens 13
AL General Procedures of OpP@Ir Ot iOM. Lo vt ittt oot veeeusennnsenees 13

8. Instrumental Quatlity Controtl........... cieaees ce b e 20

C. Evaluation of Date......covtvnnnennace et ettt et 21

1. ACCUPBCY i tavesootennsas S s et e s e s e - |

2. Precision...........iiiiveivascnonanens et e 23

3. Signal Quality Assurance Requirements..........oeou... 23

4. Polar Gas Chromatographic Confirmation Analysis....... 23

D. Quality Assurance Problems and Corrective Actions..........26&

12/89 QA/QC PCOD/PCODF v



vi. quantificetion Procedur®s . ... .......... e e r et 2%
A. [mitisl and Daily Catlibration of the WRMS. . . ... . ... ........ 23
. S gNE Ll QUB L I By . et it e e e e e e 27
c. guantitication of PCODR/PCOF . .. . i it i tim ittt ettt 29
D. Method Efficiency......... ... v et e e e i10
€. lntegration of Aytcmated Dats Processing and Quality
AU BN @ . o ittt vttt i e e e e e e e e LR
TAgLES
Table 1 -- Biosignificant PCODS/PCOFS......c0vvvun e e et e 1
Teble 2 -- Minimum Level of Qetection Limit.,. . ...uovioivvenrenna, F4
Table 3 -- [nternal Standarg Solutions.......... e et A
Table & - Calibration Standards..... T T 9
Teble S -- Relstive Retention Times -8 PCOD Ilsomers....... ... 10
Teble & -- Relative Retention Times 4-8 PCOF lsomers........... 1
Table 7 -- HKRGC/HRMS Operating Perasmeters........ e e e 12
Teable 8 -- Mative PCOD/PCOF Spikking Solutioen,..... ... 14
Table 9 -- Codes for the SCC Number and Matrix Type............ 19
Tabie 10-- GC Column Performence Quality Contret.......o..0u... 20
Table 11-- GC Elution Window Defining Solutiaons for
DB-% Columm. . ... ..o nosnennossionensnonsnssscdl
Table 12-- Quality ASsurance PorameterS . ... ..00uttenooaencnsioons 22
Figures
Pigure ' -- Datsbase Fformat ftor Sample Information........ NP N 4
Figure 2 -- 2,3,7,8-7C00 weighted Calibreation Curve,...........26
Figure 3 -- Data Reduction for PCOD/PCOF Netional Diexin Study.32
12/89 QA/QC PCOD/PCOF vi



12/89

lntrodyct on

This document,

Determination of PCID/PCOF

for

for

p-diox'ns

QA/QC

the Environmental

tetrachioro-

and dibenzofurans

2378-TCZ2F
2347-TC0F
Je67-TCOF
2378-1¢COD
12378-PeCOF
23478 -PeCOF
23487-PeCDF
12378-PeCDD
12364867 -Hn(CDF
12346478-0xCOF
123478-uxCOF
23464678-4xCOF
123789-KxCDF
123478-MxC0D
123678-mxC0DO
123789-nxCDO
1234478-KpCOF
1234789-upCOF
1236678-4pCDO

PCOD/PCOF

"Anglytical

Procedures and Quality Assurance

1

n

Resesrch

ta cctachioro-

(PCOD/PCOF)Y,

Fign

.aboeratory of

congeners/isomers of

N3t been drafted

Jduiuwth

Table 1.

$1207-31-9

1746-01-6
57117-41-6
S7117-31-6
70648-29-9

40321

76-4

7T0668-26-9
§7117-44-9
$0851-34-5
72918-21-9
32598-13-3

S7753-

85-7

196408-74-3
§7542-39-4
55673-89-7

L 4 YA R

00-4

Plan tar twe

1R rFesponse L3 t~¢ ~eed

CERL D) te perfarm anatys's

Palychiocrinates 3:senzo-

o o D - - - - = A e D A T W S W W



These snalyses are Ltmited by lLack o0f snsliytical stendsrds: however i1s5omer

specificity may pe determined ysing specially developed standards. Anaiyctical

results will, therefors, be reportsd as concentration (pg/g) for easch qas

chromastogrephy (GC) pesk in a congener class Dy meking the assumption that

the response for the motecular ion of all isomers in that class s equal to

the response observed for the iscomer for which ERL-0 does have a standarg,
The target minimum (evel of detection (MLO) for specific PCLO/PCOF isomers 13

given in Table 2 below. This document is meent to De oniy a guideline for

snslyses and may be modified ss needed to satisfactorily analyze any samples.

--ladle 2. winimuym_,evel of Degection Yaiyes_._

ceeo PR e htYel_of Oegagtien__
TCcoo, TCOF 1 pe/e
PeCDD, PecCD# 2 pe/s
¥xC00, HxCODF¥ & po/9
HpCDD, HpCOF# 10 pg/
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Sample Prepgratian

A.

Grinding: Ffrozen fish wrapped in sluminum foil are sent to

the ERL-Duluth Laboratory. MHow the tish is ground, (whole bedy

or fillet), is dependent on the species. Sottom feeders are groung
whole and predators are filleted with the skin aff, Fish tissye 1g
ground froten in g stainless steel power meest grinder, Each

sample i3 processed through the grinder three times whicn
homogenizes it thoroughly. The ground tissue is stored at
-20% ¢ in solvent rinsed glass jars with alyminum (inaed
pleastic lids.
xtr ign: Tissue (20 9g) is blended with enough anhydrous
sodium sulfate to dry the tissue (100 g). Two-thirds of the sample
is pleced in 3 glass Soxhlet thimble, spiked with 100 ul of each Standarg
Solution A and 8 (Table 1) snd then the remsinder of the sample
is sadded to the thimble. The semple is extracted at least twelve
hours with 8 1:1 mixture of hexane and methyiene chloride in a
Soxhlet extractor. The semple is Qquantitatively transferred to
a 500 mlL Xuderna-0anish aspparastus and prevashed boiling chips
are asddeag.
percent Lipid Retarmingtion: The sampie extracted in
section | .8. of sample prepesrastion is used tao determine percent
(fpid, After sample concentration, the KD lower tube is placed in a
60° ¢ water Deth under gentle stream of dry carbon ftilteresd

air. After any remaining solvent has been eveporated, the lower

QA/QC PCOD/PCOF 3
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tube #nd contents are weighed.

The Lipid is

then QUlﬂt!(ll\v.\y

trensferred to the macro column as described in Sectron | 3. of
sampie preparation, After transfer, the empty lLower tudbe anc
boiling ch'ps are weighed. The percent Lipid is calcuiated f~am
the we'gnt gifferences.
eccececoce--lable 3. lnternsl _Standerd_Solutions. ____________
Concentration Concentration
emoo bompoung o _______in_sglution (@9futl______in_tissue_ {pglati_.

lnternal

13CL‘ 2,3,7,8-1C00 2.0
13C12 2,3,7,8-7¢C00 5.0
13C12 2,3,7,8-TCOF 5.0
‘3C12 1,2,3,7,8-PeCOD 5.0Q
.3C12 1,2,3,7,8-PecClFf 5.0
;3C12 1,2,3,64,7,8-4xC20 12.5
1}C12 1,2,3,4,7,8-#xCDF 12.8%
‘}C'z 1,2,3,6,6,7,8-HpC0O 12.5
;3C12 1,2,3,6,6,7,8-HpCOF 12.5
37C12 QcCoo 25.0
Cl‘ 2,3,7,8-7Co¢ 2.0
Interngl Stgndarg Soluytion B .
1,2,3,4-7C00 1.0
1,2,64,7,8-PeChDO 1.0
1,2,3,6-TCOF 1.0
1,2,3,6,7-PecCOF 1.0
Internal Standard Solytion G.
13
:12 1,2,3,64-7C00 50.0

Assu-ns s 20 g sampie,

QA/QC PCOO/PCOTP

Stonda-g Solytion A, (100 yi)

10.0
25.0
25.90
25.0
25.0
2.5
2.5
$2.5
$2.5
125.0
10.90

WA WA AW
o O o0 o



0.

Angthropogentc Cchemical [sotptien: The sample extract 113
quantitatively transferred to a 30 ¢cm x 2.5 cm glass chrematography
column (MACRO-coiumns) fitteg with a 300 mL reservoir on teap.

The column has been packed with 8 plug of glass woot (Battem to
top), 2 g silica gel, 2 9 potassium silicate, 2 9 sodium suylfate

10 g celite/sulfuric acid and 2 g sodium sulfate, and previouslty
washed with 100 mL hexane,. The column is esluted with 100 mi
bengene/hexane (5X) and the eluent is collected in a Kuderna-Danisn
(XKD) apparstus (Cauticn: benzene i3 8 known carcinogen}). lsooctane
(1.0 mL) is added, the volume is reduced and then transferred to the
florisil column,

Florigil hrom raghy: A 1.0 ecm x 20.0 cm glass chromatography
column fitted with a 100 mL reserveir is packed with s piug of glass
wool (bottom to top), $.0 cm (1.%5 9) activated florisil and 1.9 cm

sodium sulifate. The florisil is activated at 120°

C for 24 hours.
The column is washed with 20 mL methylene chioride foliowed by 10 m|(
hNexane. Sample and two 1 ml hexane rinses are gquantitatively
spplied in smatll “plugs™. The column is eluted with 20 miL 2%
methyiene chloride/hexane and the eluate discarded. This wash s
followed by 50 mL methylene chlioride which flows directly onto the
micro carbon/silce gel column for PCDD/PCDF isolation.

PCOD/PCOF lsotgtion: Effluent from the florisil column i3

passed onto a3 & mm x 200 mm column (micro-column) containing

300 mg silice gel/carbon (see sec. [11.A.8) which was previously
ringsed with 10 mlL toluene foliowed by 10 mL methylene chloride.
The column is fitted with a solvent reservoir. After the sample

has almost completely eluted from the micro-column, the reservoir

is washed twice with 2 mL 25% bentene/methylene chioride and the
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coluan iy fimally eiuted with an gdditionsl 11! mL 2%% Dentenes
methylene chioride. The column 13 inverted on the reserveir ang
the PCDO/PCOF are eluted with toluene (25 my). The toluene
fraction 's collected in a pear snaped flask (25 mi) and reduced
in volume ts 3.% mL in a 60° C water bath under s gentie

stream of Ary carbon filtered air. The sample is transferred to
8 microvial using toluene tdo rinse the flask. Prior to GC/NnS

analysis, the sample i3 allowed to evaporaste to dryness and is

spiked with 20 ui of Standard Sotution C (Table 3).

Regqgents and §tandards:

Reggents:

1. §olvents: Only pesticide grade distilled in glass solvents
are used., Thay are: hexane, isooctane, methylene chloride, bentene,
toluene, acetone, and methanol (Burdick and Jjackson, Fischer
Scientific),

2. $ggiym Sytfate: Sodium suifate (Baker Chemical Company resgent
grade annhydrous) is basked at 650°C in a furnsce for 24 hours,
cooled, and stored in an empty hexane solvent bottle.

5. $ilicyg Gel: Silica-Gel-40 (Merck-Darmstadt), is Soxhlet
extracted cight hours with methanol, pleced on solvent rinsed foil,
air dried for 12 hours, and vacuum oven dried (125°%¢) tor 24
hours,. 1t is stored in an empty hexane solvent Bottle. Prior to
use it is activated at 105° ¢ for 24 hours.

b, Sylfyric Agi itg: Sulfuric acid (Baker Chesicel Company,
Uttrex) (9 mL) is blended in s 250 mL beaker with Celite %45

(Bakar) (10 ).

QA/QC PCOD/PCOF 4



S. Posasgium Silicgte: High purity potassium hNydrozxide (Aldridge
Chemical CLompany) (56 9) is dissolved in methanol (300 mvp)y.

silica-get (100 g) is added to the mixture ang stirred (! hour,

60°

€). 'he mixture is cooled and the solvent is removed using
s Buchner funnel. The potassium silicate is rinsed twice with
100 mlL of methanot and once with 100 ml of methylene chloride.
The solids are placed on aluminum foil in & fume hood and aliloweg
to dry for approximately 2 hours. The solids ere placed in a vacuun
oven snd dried overnight at 1OS°C. The reagent is placed in
rinsed besxer and stored (sctivated) at 120°C until use.

6. silice GelsCardon: Silica Gel-60 (100 g) (Merck-Darmstagt) is
Soxhlet extracted with methanol (200 mL) for 24 hours, air dried
in & hood, and further dried in vacuum oven for 24 hours. AMOCO
PX-21 Carben (S ¢g) is added and then blended until uniform in
cotor, The Silica Gel/Carbon is stored in a closed jar at room
temperature until use.

7. Florisgil: Florisil 60-100 mesh (Baker Ansiyzed) is soxhlet
extracted with methanol for 24 hours, placed on solvent rinsed
foil, air dried and stored in an empty hexane bottle. Prior to

use it is mctiveted at 120%¢ for 24 hours.

3. stenderds:
1. Apalyticgl Standard Sgiking s$olytion
Table 3 provides details of the spiking solutions. The surrogate
anslytes sre used by the datas reviewer to insure that calculated
MLD velues are ressonable.
2. 9ygntification $tandards: AQusntificstion standards were prepared

by Wright State University. The concentration of 2,3,7,8-17C00 was

12/89 QA/QC »2CDO/PCOF 7



12789

6.

QA/8C

checked asgaingt a prisary standard obteined from the y.3$. wgtionsl
Sureey of Standards. A table of the concoentrations of ggch igomer
i{n sach stendard is given {n Table 4.

Qualitagsive $tandardg: ERL-0 hos developed two qualitative
snalytical standards, one containing stl 75 PCOD’s and atl 138
PCOF's was developed from sn extraction of mauynicipal incinerstor
fly ash (Tables % end &) and the other containing only the biosig-
nificant isomers wes deveioped by exposure of fish to an extract
af municipal incinerator fly ssh ond processing the exposed fish
for PCOD/PCOF. These stendards will be used to essign

structures for isomer specific anslyses.

stondard solutions are sonicated for S to 10 minutes defore use.
nggg Spectromgter Mags Calibration Soppoundg: Perfluoro-

kercsene (PFK) is used for the initiel mass coalibration of the
mess spectrometer., Pertluorodecalin (PF0) is used daily for

determining mass resolution on m/t 392.9761.

pcoo/PCOF ]



Table 4: Calibrgtion $tanderds

Calibration Standsrg

Concentrations in Calibration Solutions in pg/yl Tridecane

A we w3 Wi ws oL w? w8
2,3,7,8-1¢00 200 100 50 23 10 s 2.5 ~
2,3,7,8-1C0¢ 200 100 50 28 10 s 2.8 '
1,2,3,7,8-PeC00 200 100 50 28 10 s 2.5 '
1,2,3,7,8-pec0? 200 100 50 28 10 s 2.5 )
2,3,4,7,8-pec0? 200 100 50 28 10 s 2.5 1
1,2,3,4,7,8-nxC00 s00 230 128 82.5 28 1.8 6.2% 2.3
1,2,3,8,7,8-#xC00 s00 250 128 62.5 2% 1.8 s.28 2.5
1,2,3,7,8,9-0xC00 s00 250 128 82.5 28 12.5  &.28 2.5
1,2,3,4,7,8-0xC0P s00 250 128 82.5 28 12.5  s.25 2.5
1,2,3,6,7,8-N1COF s00 250 128 62.5 28 12.5  8.25 2.5
1,2,3,7,8,9-n1C0F 500 250 123 82.5 28 12.5 .25 2.3
2,3.4,6,7,8-4xCOF 500 250 128 82.5 28 1.8  s.28 2.8
1,2,3,4,6,7,8-HpcoD 500 250 128 62.5 28 12.5 6.25 2.5
1,2,3,4,6,7,8-HpCOF s00 230 128 62.5 2% 1.  6.25 2.3
1,2,3,4,7.8,9-HpCDF 500 250 128 s2.5 28 1. s.25 2.8
0co0 1000  $00 250 125 0 28 12.8 s
ocor 1000 300 250 128 50 28 12.8 s
::c,z 2,3,7,8-1C00 s0 50 $0 50 0 S0 50 50
13C12 2:3.7.8-1C0F 50 50 s0 50 0 s0 50 50

Cyp 1.2.3,7,8-Peco0 50 50 s0 50 50 30 50 50
;;c,z 1,2,3,7,8-PecOF 50 $0 50 50 50 $0 $0 50
13612 112:3.8,7,8-Mc00 128 128 129 128 129 128 128 128
13512 112:3.4,7,8-uxcos 128 129 129 128 129 12% 128 125
13C1z 112:3.4,6,7,8-upc00 125 123 123 125 123 128 125 128

Cyp 1,2.3,4,6,7,8-4pC0F 128 128 125 123 123 128 125 128
;:c,z 0co0 20 250 250 250 250 250 250 250
35k 2.3.7,8-1c00 20 20 20 20 20 20 20 20
Aty 2.3.7,8-1c08 20 20 20 20 20 20 20 20

€yg 1.2,3,6-1C00 50 s0 50 50 0 S0 $0 50

12/89 QA/0C PCOD/PCOP ’



.-laple 3: Relative tetention Times for 4:8 PCOO laomers_ ____________

RRT R RRT et
Compound 08 spP2330 Compound o8 $P2330
[ E R R RS RN R EN RN ERNERERE SRR RERERNEE] IllllllIlllllll.llllllllll...
1368 0.814 0.826 12379 1.320 1.209
1379 0.838 o.amnm 12369 1.348 1.307
1369 0.3861 0.948 12667 1.348 1.3
1378 0.912 0.916 126489 1.348 1.321
16469 0.912 1.072 12347 1.368 1.268
1267 0.912 0.948 12366 1.568 1.3%2
1248 0.912 0.948 12378 1.400 1.288
12464 0.921 1.01¢4 12347 1,618 t.363
1249 0.921 1.014 12389 1.443 1.6463
1268 0.934 0.972
1478 0.940 0.99¢ 1264879 1.4620 1.473
1279 0.960 1,027 1264689 1.620 1.473
1234 0.989 1.014 123468 1.673 1.473
1236 0.98S% 1.027 123679 1.700 1.%66
1269 0.98S% 1.108% 123689 1.700 1.946
1237 0.993 1.014 125469 1.700 1.681
1238 0.993 1.014 123478 1.764 1.604
2378 1.000 1.000 123678 1.77% 1.618
1239 1.009 t.088 123447 1.802 1.789
1278 1.028 1.072 123789 1.802 t.72
1267 1.048 1.130
1289 1.07¢9 1.214% 1234679 1.974 2.13%
1234678 2.023 2.297
124468 1.224 1.111
12479 1,224 1.111 123446789 2.234 3.228
12469 1,268 1.268
12348 1.29% 1.148
12478 1.308 1.188

12789 QA/QC PCOO/PCOF 10



Table _6:_felafive tesention Timeg ftor &-8& PGOF lgomery_____________

RART RAT

Compound oss sp2330

sSereSesissSotcusassaRsEENERORE
1348 0.730 0.777
1468 0.7%52 0.87S
2468 0.763 0.989
1247 0.782 0.58%
1347 0.782 0.86S
1378 0.782 0.853
1346 0.782 0.919
23168 0.782 1.071
1367 0.801 0.881
1348 0.8 0.900
1379 0.801 0.853
1268 0.483% 0.943
1248 0.838 0.919
1667 0.853 0.98¢9
1478 0.853 0.9413
1369 0.863 0.943
1237 0.863 0.943
2447 0.863 1.109
1234 0.880 0.977
2349 0.880 0.977
1236 0.880 0.989
1469 0.880 1.061
1238 0.880 0.989
1278 0.902 1.017
1349 0.920 1.013
1267 0.920 1.049
2378 0.939 1.169
2348 0.93¢% 1.178%
23467 0.93¢% 1.1460
2346 0.93¢9 1.193
12466 0.93¢9 0.940
1249 0.939 1.071
1279 0.939 1,049
2367 0.973 1.206
1239 0.988 1.149
1269 0.988 1,162
3447 0.988 1.264
1289 1.071 1.341
13468 1.120 1.008
12468 1.120 1.028
23479 1.190 1.06%
12368 t.202 1.103
12478 1.202 1.121
13467 1.202 1.142
12667 1.202 1.160

QA/QC PCOD/PCOF 11
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RRT
Compound oes

RRT
$P2330

13478 1.202
13479 1.217
234469 1,217
12479 1.233
13449 1,253
23448 1.253
12469 1.253%
12347 1.253
12346 1.283
12348 1.280
12378 1.280
12367 1.295
23489 1.309
12379 1.309
23478 1.3%9
12489 1.359
13489 1.359
12369 1.359
234687 1.37
12349 1.392
12389 1.446
123468 .556
134678 .570
124678 .870
134679 .570
1244679 .602
126689 .62%
123447 .663

1
1
1
1
1
1
!
123478 1.663
123678 1.676
123479 1.676
123469 1.712
123679 1.730
123689 1.744
234678 1.744
123789 1.827
123489 1.827

12346780 1.954
1234679 1.979
1234689 2.024
1234789 2.043

12346789 2.240

1

1
1
1
1
1
1
1
1
1
'
1
1
!
1
1
1
1
1
1
1

s 8 P b b ms =t =8 —& A A s & A —a —a

]
2
rd
rd

3

.083
.103
173
142
.204
.278
.278
173
.23
.216
216
252
.388
.237
5587
YY)
.350
.373
612
620
.590

336
.370
.348
.348
.428
521
.533
489
.502
. 489
668
.562
L6468
.012
.87
.940

.96
.001
161
.463

.169%
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ALL

[nggrymental Pgragmetersg:

988 chromstography/mass

on & finnigan-mAT 8230 high

MRAS) systam,

{nstrumental

spectrometry asnalyss

resolution GC/high r

parameters are given

8 (GC/Ms)
esolution mg

in Table 7.

wil|

be donge

(MRGC/

Dets Acquisition: Muitiple [on Selection Electric Sector Scan.
Compound Mass window m/2 value

SISO 1Y .1 SIS 1. LS XSO
T¢CoO?f 1 305.8986 303.9018
::Cl‘-TCOF 1 311.8898

C12~TCDF 1 317.9389 319.9¢419
TCOD 1 321.8936 319.8945%
T7Cl‘-TCOD 1 327.8847

e, - Te00 1 333.9338 131.9348
PeCDF 2 3139.8%97 341.8%647
’3c12-p.cor 2 351.9000 349.9029
PeCDD P4 355.8%46 3%3.857¢
13c1z-p.cou 2 367.8949 369.8919
NxCODF 3 3173.8207 375.8178
ey, uxcor 3 385.8610 387.8580
NxCDD 3 3189.81%5¢ 391.8127
3¢, 4 nxco0 3 $01.8559 <03.8530
?gCDF 4 c07.7817 609.7788

C12-N9CDF & 19.8220 621.8191
:gCOD 3 «23.7766 £29.7737

C12~NpCDD 4 35.8169 437.8140
ocCo¢ b] 643.7498 445.7389
3¢, ,-0cor s 455.7801 $53.7831
0Ccoo ] £59.7348 £57.7377
3¢, ,-0c00 s «71.7750 «73.7721
Sample [ntroduction: Ceapillary Column, Splitiess Injection.
[onization: Electron Impact, 70ev, 1mA Emission Current,
Source Pressure: 1 x 107 toer.
lonizer Temperature: 2%50° c.
Mass Resaolution: 5000, 10X valley.

Scan Rote: 1 M1S cycle per second,

GC Coluan: 30 @ 08-5, 40 m $P2330

Linear Velocity: 35 cm/sec Heliume,

Tempersture Prograam: 180° ¢ (notd 1 ain); 13%°/min to 200°;
3°/uin to 270°: 270° hotd & min.

Mass windows are monitored sequentially during the temperature

Eregramg _with the windows definded Dy the_ slusign_of _ssendprds. __
® Quant. = Quantifcation ion; Confir, = Confirmation ion,
12/89 QA/QC PCDD/PCOF 12



v. Gyglity Assyrences/Oyglity Gonerol (OR/09C)

A. Generp\ Procedyres 2f QRerst on
1. Analvygis gf Samples: Samples are snalyted '1n sets of

twelve congisting of:

s, lLgnk: Method @lenk (extraction apparatus) is prepared 14

the Laboratory and subjected to the same sample preparastron

procedures as environmental samples. The Method Blanx 13

used in every sample set.

b. fortifieg Maptrix: Native anslytes (100 uL) (Table 8)

sare added to a Dlank sample matrizx, The (evelis of fortf:r-
cation of nagtive analytes in the matriax spike will be avoove
the target detection Limit to provide an estimete ot the
method’s sensitivity, and for determinsgtion of percent
saccuracy of gquantificatiaon. This sample may be substituted
with a reference sample that has Deen anslyled at least
three times and a mean value of contamination has been
sstablished.

c. Detection Limit verificgtion Sample: An environmental
sample with nondetectable amounts of native anslyte (determines
from 8 previous anslysis) will be spiked with native anatytes
(Table 8) and analyted with the next ssmple set. The additian
of the QA/QC sample will be done for only the first three
sample sets of sny matrix type to establish that the
coalculated MLD is schievable. If analytical resuits show
ditticulty in obtaining the MLD, then this QA/QC sample must
be in each set. If no problem is experienced, then this

QA/QC sample may be dropped.

12/89 QA/QC PCOL/PCOF 13



Table &: Neative PCDO/PCDF spiking solution (100 yl)

Compoung Concenctration
(pg/ul Tridecane)

cmce—ccce———a= R e-----30lytron A __sSolution §__Sglutien_ C____
2,3,7,8-1cC00 0.50 1.00 1.50
2,3,7,8-1cC0¢ 0.50 1.00 1.50
1,2,3,7,8-pecC00 0.50 1.00 1.50
1,2,3,7,8-PecCOF 0.50 1.00 1.50
2,3,4,7,8-peCOF 0.50 1.00 1.50
1,2,3,64,7,8-uxC00 1.2 2.50 3.75%
1,2,3,6,7,8-4xC00 1.23 2.50 3.78
1,2,3,7,8,9-nxC00 1.28 2.50 3.7%
1,2,3,64,7,8-Hxc0f 1.28 2.50 31.78
1,2,3,6,7,8-HxCOF 1.28 2.50 31.7%
2,3,4,6,7,8-HxC0F 1.28 2.50 1.7%
1,2,3,7,8,9-MxC0F 1.28 2.50 3.75%
1,2,3,6,6,7,8-0pC00 1.289 2.%50 3.78
1,2,3,4,6,7,8-4pCOF 1.28 2.%50 3.75
0coo 2.50 s.00 7.%0

--80fF _______ cmmmecece————a- $.30 o 8.00 _____7.80_ _____

d. Dyplicgte Sgmple: Two separaste portions of the samse
environmentsl sample are processed and anslyted.

. Environmentgl $amples: The total nuaber of environmental
samples analyzed is eight if the Oetection Limit Verification
sample s used; otherwise nine samples are anasiyzed.

2. sample Iracking angd Labeling of Ssmples:

a. Logging [ncoming §amogleg: CERL-0 completes the chain af
custody forms and informs the Sampile Control Center (S$SCC)
that semples arrived safely or informs $CC of any probleas
with the samples, Easch sample received by ERL-0 had
previously been assigned two nuabers by the Sample Control
Center, the Sample Control Center number (SCC#) and an Episode

auaber. The SCC# number Is unique for esch ssmple and provides

12789 QAa/QCc rCOO/PCOD? 14
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4 mesns for tracking s given sample throughout ity ansivys s

and its permanent storsge at the locker plent. The sampties
are plasced into freezer A upon srrival at ERL-Oulycen
homogenized, (see I!.A.), and an aliguoet (100-500 3) is placeg

inte freezer 3. After the samples are extracted they are put
inte freezer €. | f all the datas meets QA requirements after
mass spectral analysis and quantification, the samples ars
transferred to a locker plant for permanent storage (-20° 2).
b. Logging and Labeling Semplesg Qyring Prepgrgtion: A laberatory
identitication code (lab [D) is randomiy sssigned to each
sampl(e in 8 set of twelve at the start of sampie preparation,
The code consists of s letter, A through L, date of
extraction, and two initials of the sample preparation
chemist, (e.9. AQP1587ML). This code is used to identify the
sample throughout the anslysis period. The SCC#, iLad (),
sample description, weight of sample, and amount of anatlytical
standards added to each sample are recorded in the sample
preparation lLog book at the start of extraction, The lab
10 is written on lasbeling tape which is transferred from
besker to flask during sample prepasrstion. The Lab 10 is
written into the MS (og book slcacng with the mass spectra
analysis number.
Qaty Syatem $empie Trecking: ERL-D0 has developed the National
Oloxin Study (NDS) Phase !, Biocaccumutative Pollutants in Fish:
Sample Tracking Database to facilitate record keeping and
summary report generstion for each sample on the DEC-VAX 11/78S
(Digital Equipment Corporation). For each sample, including QA

samples, intformation pertinent to each sampie is entered into the

pcoo/PCO? 13
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databsse. Quantificetion dats (final concentration, ien ratios,
percent recovery, ML0s, and signal to noise) are sutomsticatly
uploeded to the database once all QA criteria have been met.
Figure 1 is an example of the NDS detabase.

The first two letters of the SCC number indicate whether
the sample is an Environmental, Method or Matrix Slank,
Duplicate Sample or » mass spectral confirmation anslysis of
an environmental sample. AlL environmental samples begin
with the lLetter 0, or § if it is a mass spectrasl confirmation
snalysis of & previously anaslyted environmentasl sample.

The Blank and Ouplicate samples Degin with the Letter Q
followed by a 0 or an R for duplicate or reference fisgh
sample, respectively. Table @ lists the possible codes
for the SCC number, and matrix type. Episode numbers for

Slanks and Fortified Matrix samples are entered as 0000.

PCOO/PCOF 16
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NDS Phase [1!: Bicaccumuiative Pollutants in Figh:
Sampie Tracking System ERL-D0 loc:2S
EPISQOJE #: 3000 SCC #: AQRO71486

SamplLirg [nformat:or:
Sempling Qffice:
State L City:
Sampling Contact:
Date Sampied: Qs 3/ 0
Site Location:

Latitude: N [ B I Qu Longitude: W 0 9 o
Analysis Lab: b Jate Received: 07 07 ©C
Mgtrix Type: R Reryn: Q
Anslytical: PCDO/PCIF Pesticide & Industrial Chemicas
Extraction Date: T/V6/84 07 0/ 0

GC/MS 10: MAT84824
LAR [0 KOT1486LNH
Wweight: 20.09 0.00
X Lipid: 5.2 0.0
Mass Lipid on GPC: 0.00

Comments: Reference fish 86

12/89 QA/QC PCODO/PCOF 17
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NDS Phase [1:

EPISCDE #: Q000

DATA FOR QIOSIGNIFICANT POLYCHLORINATED DIBENZOOIOXINS AND FURANS:

Anglyta

2,3,7,8-1C0°F
2,3,6,7-TCOF
J,6,6,7-1C0F

2,3,7,8-7C00
1,2.3,7,8-PecCOFf
2,3,6,7,8-PaCDF
2,3,6,6,7-PaCF

’ .

. [l ? '

1,2,3,7,8-PeC00

4
~ o~
-
-
-
o

1,2,3,6,6,7,8-4pCDO

* Coelutes with

,8-MpCO?P
,9-MpCOF

a3abage_farmag _tor famply _I[ntormetign,

CAs 0.

51207-31-9

1746-01-6

§7117-41-6
§7T117-31-6
70648-29-9

«0321-76-4

70868-26-9
ST117-44-9
408%1-34-5
72918-21-9

32598-13-3
57753-8%-7
19608-74-3

67542-39-4¢
5%673-89-7

37871-Q0-4

1/R s lan Ratio; /% =

12/89 QA/QC

pcCOD/PCOF
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$CC #:

L/t

0.74
1.00
1.7

0.78

1.33
1.10
0.090

0.00
0.67
1.25
0.00

0.00

1.31
0.00

1.13

signel

ARO714686

S/

55.7%
8.28
16.56

40.75%

16.72
11.18
8.3¢6

§7.03
28.52
$7.03
$7.03

29.08
6.67
29.08

18.97
37.94

10.50

1,2,3,64,6,7-UnCDF on & 003,

to Noise;

ficseccumulative Poliytants

e

62
62
62

73
54
54
54
57
47
47
7
&7
&9
69
49

39
39

39

oL

in Fish

¢ oL

0.000Q0
0.9728
0.46863

0.0000

1.0892
1.6387
2.1784

£.0729

0.7327
1.4654
0.7327
0.7327

1.3843
0.0000
1.3863

0.€000
0.0000

0.0000

ERL-D Loc: 28

Amount(pg/9)

5.26
L1
ND

15.63

L])

L1
3.23
o

= Detection Limit



L Japle %:  Codes_for_the SCC_Number_ang Matrix Type

$CC number first Letter options:

0 -- Environmental samplas
Q -+ QA samples
H

<« u$ contfirmation asnalysis

Second letter optiong for Environmental Samples

A - Regien 1 G - Region 7

B - Region 2 N - Region 8

C - Region 3 Y Region 9

D - Region & J - Region 10

£ - ftegion § T - ALl regional datas
F - tegion &

Second letter options for QA samples:

§ - Method or metrix blank
D - Labrotory duplicate
R - Reference fish or fortified matrix

Matrix Type:

PF - Predator Fillet

W8 - Whole Bottom

WP - Whole Predator

BF - 8ottom Fillet

| - Reference

Y - Blank

L - Laboratory Duplicate

D D S A W ey RGP D D WD D AR YD M D S D A R G WS W R Y WD A8 S R W W =

12789 QA/0C PCOD/PCODF 19



§. loagrysantel QHI!iS! gontrol
1. GAL Shromptoqrgph
8. Qpecrgtion gng Maintgngnce: Operation and maintenance of
the gas chromatograph will be done according to manufacturer‘s
recommendations.
b. golymn Performance: GC column performance will be
evaluated Dby:
{. Resolution of 1,2,3,4-7CD0 from 2,3,7,8-7CDD
(Table 10).
if. The .2 value of the regression of the ssaple
relative retention time of sll Dicsignificant PCOD/PCOF,
to the librery relative retention gshould not be less
than 0.99S.
fit. €Elution of all PCDO/PCDF during analysis from 8 GC window

defining solution of select PCOD/PCOF (Table V1),

Resolution of 1,2,3,4-7TC0D from 2,3,7,8-7CD0 will
e used to evatluate general coiumn parformance.
Resolution (R) must be 0.7%5 or greater.

W, +W

12/89 QA/QC  PCOO/PCD? 20



Pertsrmance: The

Mags Spect-al

spectrometer is evaluated for r

linesrity,. The mass resolution

e minimum of 5200 (10X valley ¢«

is tuned each day to the reqQuir

procedures establisnhed by the i

ang L(inearity is evaluated by

veryimng in concentration (Table

established for each standard.

reange of concentrations usaed in

percent relative standard devia

must be tess than 20 percent.

C. Evalypation of Qgty:

1. Accuracy, the deagres

Aggurscy:

messurement reflects the true |

L I VIV I AV VI S )

0
- s e s s s
W e D O
s & &~ &~ 0 O O O

performance of the mass

esolution, sensitivity and

used for these anslyses is set

etinition), The mass

ed resolutron according toe tne

nstrument manufacturer,

the use of calibration stangaras

e}, A catibration curve is

The curve must be linear over

the catibration standards. The

tions for the mean respconse

to which the anslytical

evel present, will be evaiuated

two ways for eech

sample set.,

These are: the difference of

messurement of a PCOD/PCOF

isomer added to s blank matrix, or

at

1

spectirometer

Sens1 vty

the

factsrs

n

difference of measurement of a PCOO/PCOF from the level in an

established reference materiol; and the efficiency for recovery

12/89 QA/QC rCOO/PCOF 21



of the internat standard added for each congener group. “he Q4

requiremgnts for accuracy and method efficiency are provigeg 'n

Table 12, Percent Accuracy ang Percent Mgthod Efficirency

are defined as follows:

measured vatue
X B CUrACY % e e x 100
amount native isomer
added to blank matrix

measured value
X Method efficiency 31 <ot x 100
amgunt internal standard
added to each sample

eemmmmmeme-----l3Ble_12: _Quality Assurance Parameters ____._______________.
Iethod' A:curlcy. Pr'cilion" S/N

lon Ratio Efficiency at 10 psg/g at 10 pg/9 Minimum
TCoo 0.76+ 15% »>40%, <120% +50% +50% 3.3
PCOD 0.61+ 15% >640%, <120% +50% +50% 3.0
AxCDD 1.23+ 15% >40%, <120% +100% +100% 3.0
NpCDO 1.02+ 15% >40%, <120% +100% +100% 3.0
acooe 0.88+ 15% »40%, <«120% +200% +100X 3.0
TCOF 0.76+ 15% »640%, <«120X +50% +50% 1.9
PCOF 1.53¢ 15X >60%, «<120% +50% +50X 3.9
WxCDF .23+ 15X >640%, <120% +100% +100% 5.0
NpCDF 1.02+ 15X »640%, <120% +200% £200% 3.0
ocohF 1.53s 15% >40%, <120% +200% +200% 3.0

* veriance of messured value from actual.
** vyariance of difference of duplicates from mean.

12/89 QA/QC PCDO/PCOF 22
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Pr igign: Precision, & measurs of mutuel agreement among
individusl messurements of the same poliutant in replicate
samples, is evaluated for each sampie set Dy the ratio of
the difference of duplicate values to their mean value.
Table 12 provides QA requirements for precision, Precision 13

determined only when both values are asbove the detection limig.

Precision is defined as foilows:

difference betueen duplticate samples
Precision s ccccece-ocrenos A RARERE AR X 100
mesn value for the duplicates

$ignel Oygtlity: The quality of the mass spectral signals used
for quelitstive and quantitative snalysis is eveluasted

Using two parsmeters: the ion intensity retio for the two ions
monitored in each congener group, and the signsl to noise (S$/N)
ratio. Teble 12 provides QA requirements for signal quality.
In addition, qualitative identification will be based con
coelution with the stable isotope labeled compound, or reiative
retention time correlation (Tables 5 and §).

Polar Gas Ghromgtographic Confirmetion Anglygig: Ten

percent of the sample extrects snalyzed are seleceted for

GC/MS confirmation analysis on the more polar $P2330 column,
(Supelco, Belafonte, PA). Semples which were positive for

2,3,7,8-7TC0D were selected for anslysis.

pcoo/PCOP 23



. Quality Assyrange Problems 4nd Corrgctive Aggiong:

cmemmeea R o ceccaooo.--GofregSive Aggign
ng pertformagnce outside QA Adjust WS parameters for resolution,

rerun initial curve and reanslyze
sample(s).,

4C column parformance Resnslyte standards and semples on
outside QA modified or sltarnaste column,

Method efficiency outside 1f 2378-7C00 method efficiancy <é&Q%,
of QA, reansivie sample set. [t method

efficieancy <«40X for asnalytes other
then 2378-T7TCOD, fleg and report data.

Accuracy outside of QA for If more than 20% of the anaiytes arse
spiked matrix, outside of QA for accuracy and pre-
pPrecision of duplicates cision, reanslyze the sample set.

outside QA.

Detection of analyte in Reextract and reansiyte all sampies
plank far 2,3,7,8-7TCDO, for which the Lavel of contamination,
2,3,7,8-TCOF ang or ML0, is < 2.5 x bDlank level.

1,2,3,7,8-PCOD

For other analytes in Record blank concentration in comment
blank field of ssmples.

Angliyte exceeds calidration Measure method efficiency., Dilute
standard range. semple 100:1! respike with each

standard sotutian (A and 8), asdjust
volumse and reanalye.

Method efficiency ftor blank Reextrect and resnslyte all positives
outside of QA or blank {ost in set,

SBecause of the ccocaplexity of these anslyses types, it is not expected that
all analytes will meet all QA criteria. Theretore, a complete review of

the data by & chemist is essentinl. Responsibility for the evaluetion of
dats is thet of the ssmple preparstion chemist and the mass spectrometer
operator, Review of the dats, including QA, and resolution of data quality
problems is the responsibility of the Principsl !Investigator/Program Nanasger
Resolution of data questions may require reanslysis of samples to include
the addition of confirmatory ions or snalysis on different types of

GC columns.

12/89 QA/QC pPCDD/PCOF 24



Vi, Quant ' *icatisn rocegyres

Quantificetion of analytes is accompLished by assigning isomer
identification, integrating the area of mass tpecific GC pesks, and
calculating an snatyte concentration based upon an ion relative

response factor between the anatyte and standard.

A, |nivigl and Daily Calibration gf the HRWS: AN initial caiibration

of the instrument will be performed as needed. This will inctlyde
making three replicate injections of each calibration standargd
(Table 4). Weighted Least-3squares linear regression is used to
generate a calibration curve for each analyte. The veighting factar
is inversely proportiongl to the varisnce among the replicate
injections of each calibration stanmdard, The slope of the regression
line is the response factor used to quantify the snaslyte. At least
two calibration standards are injected daily to insure that any
response factors used for Qquantification and recovery calculations
do not deviate from the initial calibration by more than 20 percent.
If the daily calibration generates values outgside this margin, ang
less drastic corrective action does not solve the problem, & new set
of initisl calibration curves is generated and the old response
factor libraries discarded. An example of » typical catibration

curve, using 2,3,7,8-TC00 as an exampie, is shown in Figure 2.

12/89 QA/QC PCOD/PCOF 25



Figure 2
2,3,7,8-TCDD
WEIGHTED CALIBRATION CURVE

0 — -

0 ] 2 3 3

N |
CONCENTRAT ON/ CONCENTRATION

SLOPE = RESPONSE FACTOR

12/89- QA/QC PCDD/PCDF 26



12789

. fignal Qyuglity

1.

QA/QC

Minimym L evel of Qetection (M(B): Minimum Level of Jetect:on

is defined as the concentration predicted from che rat:g of
baseline noise area to labeled standard ares, plus three times

the standard error of the estimate derived from the init:a|
calibration curve for the analyte of interest.

Imitigy Calibration Baseg Methog of MLO: MLD is estimateg

from the ratio of the noi1se ares tOo the isotepicaliy lLabeledg
internat standard area, plus three times the standard error o5t the
estimate (SE) for the ares ratic, or Y-sx1s, of the initial
catibration curve. The Y-intercept (INT) is subtracted from tn:s

Quantity, in keeping with the normal formalism for “inverse
prediction® of a poeint on the X, of concentration ratio aais, from
a point on the Y, or signal ratio axis. The SE term is derived
from an analysis of variance (ANOVA) performed during the weightega
least sguares fit of the initisl calibration curve, This term
represents the random error in the replicate injections used to
generate the calibration curve, the error not accounted for by tne
linesr model. The weighting is necessary because of the relation
often observed in instrumental analysis, of incresasing variance
with increasing concentratian. MLD, according ta this scheme,

is defined below:

I(l‘/1334) ¢« (3 x SE) - INT] x C334

MLD 2 t e s metacnasaenecsannecessansesenonase

RF(N/1334) x K

PCDD/PCOF 27



uwhere: l‘ . noise arege in the window for the ma)or ign
of the native anslyte,

1334 s Labeled internal standard pesk area in the
sample,

N7 s the Y-axis intercept on the initial calibration
curve,

€33¢ = labeled internal standard concentration,

[ s constant to adjust for sample size and final
volume,

RF(N/T334) . sponse factor ftor majcr native ion to
c12 1,2,3,4-TC00 ion, the siope of the

initisl calibration curve,

re
13

114 s stendard error of the estimate of the initial
calibration curve.

In addition, fish tissue is spiked with surrogate snalytes
(see [nternsl Standard Solution 8, Table 3) prior to extraction,.
The surrogeste anslytes serve a3 an asdded check to insure that
MLD values colculated from the initisl calibration curve,
as discussed asbove, are reesonable.

2. $ignal to Noigse (S/M): The method of determining the signal

to noise ratio is shown below.

Analyte signal

»—— Noise Signal

Analyte Signal Peak Area
Noise Signal Peak Area

S/N

12789 QA/QC PCOOD/PCOF 28



Analyte Signal Peak Area

S/N ® ccct st ccnsriecracsnen
Noise Signal Pesk Area

The noise sreas is catculated by integrating over a peak wig@th

equivalent to the anslyte signael, typicslly sbout 10 secongs.

C. gyantitication of PCOO/PCOF: The concentration of a natural

PCOO/PCOF is determined by caleculating a response factor Detween

PCOD/PCOF and the stable isotope lLabeled PCDO/PCOF fo0r thye congener

group. Calcylations are performed as follows:

Standerg:
A. X CL
RE(N/L) . cesesnes .
AL X C.
Sample:
A' X SL
vl B P eaecoassseees -
A, x RFIN/L)
S
where: RECN/L) L] response factor native to lLabeled,
A' s peak ares native,
AL . peak asreas Labelad,
c. = concentration of native standarg,
CL s« concentration of lLabeled standara,
‘L . labeled spiking Level in sasmple,
v. ] Lavel of native analyte in sample.

12/89 QA/QC pcOD/PCOF 29
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method €Ef!icigngy: The method efficiency for the recovery of stablae

isotope labeled compounds is determined By calculating the amount of
stable isotope labeled compound in the tinal extrgct and diviging by
the amount spiked into the semple ot the stert of the cleanup

procedure. This is done by determining the relative response factor

13

Detween the [nternsl Standard Solution C, CYz 1,2,3,6-1C00

and the stable isotope Labeled internsl standsrd (Solution 4).

Determine Response Ffactor:

where: RF = response factor,

A = sree of stable isotope labeled
internal standerd, (soiution A},

Ayg = eres of 13612 1,2,3,6-7C00,

CL s concentration of stable isotope l(abeled
internsl standard, (solution A),

Cls s cancentration of 13C12 1,2,3,4-7C00.

The response factor is then used in calculating the concentration

of the internal standard in the finsl solution,

where: cL a concentration of stabie isotope labeied
{nternal standard, (solution A).

QA/QC PCODO/PCOF 30
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The concentration in the finel solution times the f nal volume
equals the total amount present. The method etficiency 13 then

colculated by:

CL found
4 l!covory B 2 e s r e e eanreseoe X 100
CL spiked
€. Jntegrption of Aytomated Oatp Processing and CSuelily Assyrance:

QA parasmeters for method efficiency, ion ratios, retention time
correlations, signal/noise ratio, accuracy and precision asre
monitored with the aid of software either developed in-house, or
modified from existing programs included with the HRNS data system.
Raw dats is sorted and edited using the mass spectrometer’'s dedicated
dats system, transferred to the DEC-VAX system and processed using
software programs RFACTOR and OFQUANT (Figure 3.). Data is reviewed

by the Project Director before entering into the NDS dats base.

QA/QC PCOD/PCOF 31



Figure 3

DATA REDUCTION FOR PCDD/PCDF
NATIONAL DIOXIN STUDY

INITIAL
— »| CALIBRATION
 LIBRARIES g
DALY
CALIBRATION i
STANDARDS SAMPLES
SRAT |- DEC.VAX —— = SAT | \l
‘ OR |
T IBM-PC T
RFACTOR A DFQUANT
SOFTWARE } SOFTWARE
MASS f
SPECTROMETER |
DATA »
SYSTEM |
A
DATA !
YES NO NO
PASSES CORRECTIVE
QA? ACTION

GENERATE

DATABASE  <—— Al REPORT

€
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APPENDIX A-3

Analytical Procedures and Quality Assurance Plan
for the Determination of Xenobiotic Chemical
Contaminants in Fish
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The information in thig document has been funded wholly orfr in part by the
U.S. Environmental Protection Agency. It has been reviewed technicalily andg
sdminigtretively. Mention of trade names of commercial products does not
constitute endorsement or recommendation for use.
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FOREMNORD

Directed by Congressional mandate, the U.S. Environmental Protection Agency
dquring 1983 initiated the Mationsl Dioxin Study, & survey of environmental
contamination by 2,3, 7,8-tetrachlorodibenzo-p-dioxin (TC00) in the United

States . Resutts of this study are published in the Naticnel Dioxin Study:
"iers 31,5,6, and 7, EPA Q0/4-82-003. This lasboratory, the Environmentael
Research Laboratory - Ouluth, was responsible for one part of the Study, the
analysis of fish sampies. The most significant findings of these anelyses was

tne observation that fish contamination was more widespresd than previously
thought, and that a primary source of TCDD was discharge from pulp asnd paper
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A second more detailed characterization of snthropogenic asrganic chemical
contaminants in fish was conducted in subsequent analyses during what is now

called Phase |l of the WNastional Dioxin Study. This document describes the
analytical methods used for the determination of the level of contamination of
potychlorinsted biphenyls, pesticides, and industrisl compounds in fish. A
companion document (EPA /600/3-90/022) describes the analytical methods used
for the determinstion ¢t levels of contamination of firftean bigasignificant

polychlorinated dibenzo-p-dionins and dibenzofurasns in those same fish.
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This document, developed for Phase [ of the U.3. EPA National Dioxin Stydy,
describes the enalyticasl procedurss and quality sssurance plan for tne
determination of xenobiotic chemical contamingnts in fish, The anatlyticat
approacn includen:

- 3 simple sample prepasration methodology that produces 8 single
extract which minimizes anelyte lossen,

- a procedure that is cost effective in terms of man power,
chemical reagents, and imnstrumentation,

a chargcterization and quantification of a certain set of
chemical contaminants,

- an identification of unknown contaminants by screening the data.

The set of analytes quantified wes derived through considerations that 'ncladeq,
but were not Limited to, history (data from previous monitoring etforts),
toxicology, persistence, biosvailability potential, total yearly proguczian, ang
fessibility of analyses., A (ist of target anslytes is presented in fadbiLe 1.
Limits of quantitation for the Target Anmslytes are as follows:

Target Analytes 2.9 ppb
{except for PCRs)

Polychlorinated Biphenyls

Level of Chiorination: 1-3 1.2% ppb
s-6 2.50 ppo
-8 3.7% pob
9-10 6.29% ppbd

Fish were provided by the U.S5. EPA Regional Labs working with scate
environmental agencies.
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Table 1 LIST OF TARGET AMALYTES, [NTERMAL STANOARDS, AND
e eccceemmmee—--SUYRROGATE COMPOUNOS AND _THEIR QUANTITATION IZNS______
QUANT
e AN Y T oo oGAS _NUMBER L _ION_____RRT
o--_Biphenyl-d, o (lnternat _Standard) ___________________18s____1.223_
lodobentene (Surrogate)} 294 J.339
1,3,5-Tricniorodenzense 128793 180 3,461
1,2,64-T~ichlorobenzene at20821 180 1.5«8
1,2,3-Tr1ichlorobenzene 878186 180 3.625%
Wexachlorobutadiens 875683 225§ C.529
1,2,6,5-Tetrachlorcbenzene ?S954 214 PR
1,2,3,5-Tetrachiorobenzene 834902 215 .89
Biphenyl 92524 154 1.2
1,2,3,4-Tetrachiorobenzene 634662 216 1.924%5%
Pentachlorobenzense 408935 254 1.378
. Rhenanthrene:g,q_(Lnternal Standare) _______________188____’.233_
t-lodonsphthalene (Surrogate) 127 3.743%
Teifluratin 1582098 306 J.855S
Alpha-8NHC 319846 219 J.8%0
Hexachlorobenzens 118741 284 2.912
Pentechloroanisole 1825214 280 0.92¢
Gamma-8NC (Lindane)} 5889¢% 219 0.979
Pentachtoronitrobenzene 82688 295 .99
Diphenyl disulfide 8482337 218 ©.J74
Weptachlor 76648 272 1,188
Chlorpyritfos 2921882 197 1.3Q8
lsopropalin 33820530 280 1.382
Octachiorostyrene 29082744 38¢ 1.398
Heptachlor Epoxide 1024573 353 1.406
Oxychlordane 27304138 18% 1.4619
Chlordane, Trans- 5103742 3173 1.477
Enlorgdane, Cist o occooeoeo S1Q3TNO L __3T3____1.52%.
_----EEE1!22!;9;Q-LLEE!EE!L-SSQQQQEQl----------------_---iii----l;i99-
Nonschior, Trans- 39765805 409 2.779
ODOE, p,p’'"- 72559 246 0.823%
Dielgdrin 60571 277 0.827
Nitrofen 18346755 283 0.83%
Endrin 72208 317 0.840
Perthans 72560 2213 0.846
Nonachlor, Cis 103731 &39 2.87S
b,4'"-Diiodobiphenyl (Surrogate) «06 2.874
Methoxychlior 72635 27 t.017
Dicotol (Xelthane) 115322 139 t.017
Mirex 2385855 272 1.979
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Table 1. LIST QF TARGET ANALYTES, INTERNAL STANOAROS, AND

QUANT
cmmmmm e AN Y T oo GAS_NUMBER_____toN_____RRT
w----Clrysene:-d,o (lnternsl Standard) ______ . ______.__.__._ 380 _..1.930_
Polychlorinated 8iphenyls, €L 1-13
Monochlorobiphenylis 27323188 188 0.318
Qichlorobiphenyls 25512429 222 0.4652
Trichtorobiphenyls 253236486 2546 0.556
Tetrachtiorobiphenyls 26914330 292 0.575
Pentachlorcbiphenyls 25629292 126 0.801
Hexachlorobiphnenylis 06601844 360 0.818
Heptachtorobiphenyls 28655712 394 0.881
Qctachlorobiphenyls 31472830 430 1.022
Nonachlorobiphenyis §3742077 X3 1.250
Cecachlorobiphenyls 2051243 “98 1.288
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(1. PREPANATION QF SAMPLE EXTRACT

A. sample wangdling Weghodology

1. ghipment of Sempies to ERL-Dylyt™: The EPA Regional
Qffices are responsible for tne collection of the fisgh samples.
Froten fish wrapped in aluminum foil are sent to the ERL-Duluth
{sboratory,

2. Ssmple Logqing ang Coging Procedyresy: The Sample
Control Centar (SCC) or EPA Regional Offices notify ERL-Duluth

when sampiles have been shipped. Upon srrivail, the samplaes are
checked to make sure they are in good condition and the Shipment
Records are complete. ERL-Ouluth personnel complete the chain of

custody forms and then notifies SCC that samples arrived safely or
if there were any problems with the samples (example: a
nislabeled sampled, no specires identificationy,.

Samples are initially placed in a large walk-in freezer.
AlLiQquots(100-500 g) of ground fish tissue semples (sec. [.A.3.)
are transterred to lLaboratory freeszer A, Extracted sampies are
stored in laboratory freezer 8. Completed sasmples are taken to
locker plant tor lLaong term staorage. A locker plant Log is kept
sccording to Episcde and SCC nNnumbers.

A computerized data bDase was developed for sample tracking and
data storage. The episode number, SCC number, date sample was
received, mstrix type, latityde, longitude, description of
sampling site, and state from which thne sample came are entered
inte the cata dDase. Figure 1 is » sample output of the data base.

The first two letters of the SCC number indicete whether the
semple is an Envirenmental, Method or Natrix Blank, or Dupiicate
Sample. All Envirconmental samples Degin with the Letter 0. The
Slank and Duplicate samples begin with the Letter Q followed by
O or an R for duplicate or reference fish sampie, respectively.
Table 2 Lists the possible codes for the SCC number, and matrix
type. Episode numbers for Blanks snd Fortified Matrix samples are
entered as 0000,

3. lissye preparation and storaqe procedyres: Fish tissue is
ground frozen at ERL-Ouluth in 8 stainiess steel meot grinder.
Each sample is processed through the grinder three times which
Nomogenizes it thoraoughly. For whole fish samples, the entire tish
ineluding organs and fillets are ground. The ground tissue i3
stored at -20°C in solvent rinsed glass jars with sluminum lined
pleastic Lids,
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tiguce l.__Blosccumytative Pollystensy In_Figh Qasabass_Sutput__._.

NO0S PuaASE I1: SBICACCUMULATIVE POLLUTANTS [N FISH
Sample Tracking Systen ERL-D Leoc.: 1234

EPISODE #: 44bd4 SCC #: 09022030

sampiling Informetion:
Sampling Qftice: ERL-Dyuluth
state & City: mn Duluth
Sampling Conmtact: Regionel Coordinator
Dats Sampled: 8,23/787
Site Location: MW Lester River @ Lake Superior, ODuluth

Latitude: N be 24 34 Langitude: W94 24 53
Anslysis Lab: O Date Receivea: 8/31,87
matrix Type: F PF Stesihesd Species Code: A2

Samplae Composite: ]

Anglyticel: PCOOD/PLOS pegticide & !ndustrisl Chemicais
Extraction Date: 0/ 0/ 0 117 3787
GCs/ms 10: DRE&TI21]
LAS [0: 81103874
Meight: 20.00Q
Xiipid: 3.2
OPE !ndication: Mass Lipid on GPC: 0.48

Comments:

Xenobiotic Oetinitions:
QA Flags:
£ - exceeods higheost calibration standard
0 - below Limit of quantitation

Limits of Quantitation:
Pesticides - 2.50 ppb
PC8s: 1-3 chlore - 1,29 ppo
4-%& chioro - 2.%0 ppb
7-8 ehloreo - 3.7% ppbd
9-10 chloro - 6.25 ppbd
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12/89 QA/QC Xenobiotics

ceeoofigure 1. _Bioaccymulagive Pollutants In_flsh Qatapage_Quteut________
EPISQDE #: XXX SCC #: 0022030 ERL-0 Loec.: 1234
Terget Anslyte CASRN QA Flag CONCN (ng/9)

t,3,%-Trichlorobentens 108-70-3 ND
t,2,4-Trichlorobanzene 120-82-1 ND
1,2,3-Trichlorobenzsasne 87-61-6 %0
Hexachlorobutadiene 87-468-13 ND
1,2,4,9-Tetrachtorcbenzens 95-99-¢ ND
1,2,5,5-Tetrachtorocentens 634:90-2 ND
Biphenylt 92-%52-4 0 0.29%
1,2,3,6-Tetrachlorobenzene 634-66-2 NO
Pentachlorocbentens 608-93-8 ND
trifluratin 1582-09-8 0 2.34
Alpha-0KC J19-84-4 NO
wexschlorobenzene 118-76-1 13.2
Pentachliorocanisole 1828-21-4 23 .4
Gamma-BNC (Lindane) 58-89-9 0 1.23
Pentachloronitrobenzens 82-68-8 LT)
Diphenyl disutfide 882-33-7 ND
Heptachlor 76-44-8 L 1)
Chiorpyrifos 2921-88-2 ND
{sopropalin 33820-53-0 NO
Qctachlorostyrene 29082-74-4 NO
Heptachlor Epoxide 10264-57-3 X0
Oxyehlordane 26880-464-8 ND
Chlordane, Trans- $103-74-2 17.2
Chlordane, Cis- §$103-71-9 33.1
Nonachlor, Trans- 390745-80-5 £5.2
0OE, p,p’- 72-%%-9 € 123¢
Dieldrin 60-57-1 0.2
Nitroten 1836-75-9 NOD
Endrin 72-20-8 ND
Perthane 72-56-0 ND
Nonachlor, Cis 3734-49-4 ‘8.4
Methoxychlor 72-43-5 XD
Dicofol (Kelthane) 11$-32-2 LE)
Mirex 2385-85-5 € 118
Total Monochlorobiphenyl 27323-18-8 ND
Total Dichlorobiphenyl 25%12-42-9 ND
Total Trichlorobiphenyl 25323-68-6 ND
Totai Tetrachlorobiphenyl 269146-33-0 11.4
Totsl Pentachiorobiphenyl 25429-29-2 € 60.6
Total Hexachlorobiphenyl 268601-64-4 (4 2658
Total Heptachlorcbiphenyl 2865%-71-2 € 187
Total Octachiorcbiphenyli 31472-83-0 319.8
Total Nonachlorobiphenyl $3742-07-7 ND
Total Decachiorobiphenyl 2051-24-3 ND
Total Polychlorinated Biphenyls $64
Mercury ( AA snalysis) 7439-97-6 0.34 ue/9
SURRQGATE RECOVERY:
lodobentene 12
ledonaphthslene 8
4,4'-0iiocdobiphenyl 93



Environmental sample QA ssmpie
first Letter: "] Q
Second Letter: A -+ Region 1 8 -- Method blank
8 -- Region 2 D -- Laborstory duplicate
C -- Region 3 R -- Retference fisn or
¢ -- Region & fortified matrix
€E -- Region §
f -+ Region &
G -- Region 7
H -- Region 8
Y -- Region 9
J ++ Region 10
Matrix Code Matrix Type
F -« Fign W8 -« Whole Bottom
L -- Lab duplicate BF -- Bottom fillet
R -- Refsrence fish PF -- Predator fillet
Y -+« Nethod Blank WP -- Whole predgator
8. Extraction of Tisgue Sampies,

Figure ¢ is a schematic of the snaiytical procedures.

1. Soxhlet Extraction: Ground fish tissue (20 g) is blended
with anhygrous sodium sulfate (100 g) in a 250 AL beaxer to
completely dry the sample. Two-thirds of the mixture is
transferred to a cosrse fritted soxhlet extraction thimble and
spiked with Surrogate Standard Solution A (29 wulL), Tabte 3. also,
st this time the fortified Matrix Ssmple and the Fortified
Ouplicate Sampie, if used, are spiked with 2% ul of Target Analyte
Solution (one of eight Terget Anatyte Fortification Solutiaons,
Table 4). The remaining sample is added to the thimble and the
sample is extrscted for et lesast 12 hours with hexane/methylene
chloride (1:1, v:v). The extract is then gquantitatively
transferred to & Kuderns-Danish (XD) spparatus fitted with 2
3-bal!l Snyder column snd reduced in volume to lLess than S aL on »
stesm bath, The extracts sre further reduced under carbon
filtered asir to remove oll solvent. The KD ssample tubes with
lipid are weighed. Two 0.40 ¢ alfiquots are prepered for Gel
Permeation Chromatography (GPC) by weighing into $S @l tubes. The
empty sample tube is dried and rewveighed to determine the percent
lipid.
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Figure 2. Schematic of Analytical Procedures

SHICA GF) CHAOMATOGRAPHY
@ A) ACINATE 130 C, OVERNIGHT
219 SLICA GEL B) DEACTVATE 1% HQ
1 PREP FISH C) FLUTE ANALYTES WITH
A) NET COLLECTION A GAND FLLET OR G0ML 15% CH CL HEXANE
B) SHOCK COLLECTION f £ GAND
SOLVENT REMOVAL
ADD SURROGATE ANMYTES A) ADD 1l TOLUENE
I0DOBENZENE B) CONCENTRATE TO 500,
1H0DONAPTHALENE
4,4 DIODOBIPHENYL EXTRACTION ADD INIEANAL STANOARDS
A) BLEND 20g TISSUE 0o BPHENL \
WITHNA ,50, O\ g PHENANTHRENE
7CHRYSENE EINAL YOLUME ADJUSTMENT
! mmmtm;‘z . 1004
SOLVENT REMOVAL.
A) KUDERNA-DANISH
APPARATUS
GOAMS ANAL YSIS
AESILK STORAGE aN,
TOTALLESS 1 GRAM C) DETERMNE TOTAL 111, .| ELECTRONMPACT IONZATION
LD | L,.1 .| POSITNE CHEMCAL IOMZATION
~~ NEGATIVE CHEMICAL IONIZATION
SOLVENT GEL PERMEATION CHROMATOGRAPY SR NWS I
OICHLL o COLLECT FRACTION 1.7 TIMES THE
DISTANCE FROM APEX OF DEHP GMNTLST | o || =
e TO THE APEX OF PYRENE = == =l llwu
'—@ﬁﬂ\, == |E| |
= = LE b R (Y
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2. fortification with S§yrrogpte Standards:
Each sample is ftortified with Surrogate Standard Solution & (2%
UL) priar to soxhlet extraction. The standards '1n this goiut:an
have been selected to represent vartous types of cChemicals fs5,.n3
in the Ligt of target anmslytes, and are used to evaluate the
recovery of target anaslytes in cleaned-up environmental samples.

Table 3.__Surrogste_standsrd_and Internal _standargd _Sglutions_

Surrogate Standard Solution A (25 ulL)

Gompoynd Concentrazion_(ug/ml)
lodobenzene 125
1-lodonaphthasiens 128
b,4'-Diiodobiphenyl 125§

Internal Standard Solution (10 ul)

compoynd concentration_(ygiml)
liphonvl-o1o 50
Phonantnrcnc-o,o 7S
Chrysono-01z 7S
3. Fortification with Tagrget Angplytes: A biank

matrix ssmple is fortified with one of eight Target Analyte
Fortification Solutions (2% ul), Table &, to evaluate the
overall accuracy of a subset of the target ansliytes. Two bDlank
matrix samples will be fortified with the same solution

once in every five (20X) sample sets to evaluate precision,
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Salution A: Aroclor 1254 at 500 ug/ml (A-1) and 1000 ug/mi
(A=2) in toluene.

solutions 8,C and D: Each have Target Analytes at 125 ug/mi

{8-1, C-1, 0-1) and 250 ug/mt (8-2, C-2, 0-2})
solytion_ 8 Selytian_¢
1,2,3-Trichlorobenzens 1,2,6-Trichtorobentens
1,2,4,5-Tetrachlorcbenzens 1,2,3,6-Tetrachticrobentene
Siphenylt Gamme-3KC (Lindane)
Alphe-0HKC Chlordane, trans-
Chlordane, cis DOE, p,p’
Oicofol Mitrofen
Endrin Heptachlior
Diphenyl disulfide lsopropatin
Hexachlorobentene Nonachlor, cis
Mirex Oxychlordane
Qctachlorostyrene Pentachloronitrobenzene
Pentachlorobenzene Trifluralin
Perthane Hexachlorobutasdiene
Sglutien D

1,3,5-Trichlorobenzens
1,2,3,5-Tetrachiorobentene
Methoxychlor

Chlorpyrifos

Dieldrin

Wweptachlor Epoxide
Nonachlor, trans-
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c.

lgolgtion of xenobpiotic Chemical Contaminants.

Gel Permegtion Chromatography: A GPC system is used tg

isolate xenobiotic chemical contaminants from biological molecuies
(fish Lipid). The GPC column (2.5 X SO c¢cm) (ACE Glass Company) s
packed with previously swelled B8iobesd S$X-3. The GPL injectiaon

port valve is fitted with 8 0.075 mm stainless steel screen fi(ter

to remove particulates. The solvent is pumped at S miL/min. The
absorbance of the effluent is monitored with a 254 nm UV detectar
(Varian Aerograph). Each aliquot of extract is diluted with 2 m(

of elution solvent. fThe supernatant is Qquantitatively transferregq
into & sample loop of a 24 port auto-sampier with three additional
1 mL washes of the sample vial. The Loops of the auto-sampler are
loaded sequentially onto the GPC column under computer caontrol. A
GPC performance standsrd solution (sec. [V.B.1) is run to
determine the collection period. This sample is run prior to each
sampie set. Xenobiotic chemical contaminants which elute &
minutes after the elution apex of Di-2-ethythexylphthalate, JENP,
and 1.7 times the elution volume between the aspex of DEHP ang
Pyrene are coillected in a KD. Each sample (two lLoops) are
collected in a single XO0. Hexane (10 mL) is added to the XD and
the sample is reduced in volume (5 miL) on a steam bath using a 3.
ball Snyder cotlumn. The sample is further reduced in volume o
0.5 ML with a stream of dry filtered air at 40° ¢ prior to silica
gel chromatography.

§iliceg Gel Chromaptography: A Xontes column packed with

freshly prepared, partially deactivated silica gel is used to
remove naturally occurring cholesterol and fatty aciags.,

The column (9 mm X 19 cm plus & 50 ml reservoir) is packed with
glass wool, anhydrous sodium sulfate (0.5 cm), silica get (2.1 g
about 7 cm), and anhydrous sodium sulfate (0.5 cm). The cotumn is
pre-eluted with S0 mL of hexane and the sample is Quantitatively
transferred to the column with three 0.5 miL methylene
chloride/hexane (15%, v:v) washes. The column is then eluted with
an additional S8.5 mL of the same solvent. Toluene (! mL) is
added to the collection vial as a "keeper™, The sample is reduced
in volume (0.5 mL) with a stream of dry filtered air, «0° €, and
quantitatively transferred with toluyuene to a tapered vial (1 my).

Fortification with [nternal Standards, The samples are

reduced to 90 uiL and fortified with 10 uL of Internal Standard
solution (Table 3) and stored in a microvial for GC/NS analysis.
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titr.

Standards and Resgents

A, tesgentys

1.

Solvents: Only pesticide grade distilled in glass

salvents are used. They are: hexene, methylene chlorigae,
toluene, acetone, ancd cylcopentane (Buradick and Jackson angd
Fischer Scientific),

Sodium Sulfatae: Sodium sulfate (Baker Chemical Company
resgent grade anhydrous) is baked at 650¢%¢ in a turnsce for
24 hours, cooled, and stored in an empty hexane saolvent Dolt::.e.

GPC Packing: Biobead SX-3 (BIORAD Corporation) are
swollen in the elution solvent, cyclopentane/methyliane =nlor dJe
(1:1, v:iv),

Silica Gel: Silica-Gel-60 (Merck-Darmstadt) is activated
avernight at zzs°c. It is then deactivated by adding disti.les
woter (1% w:w) ang shaken at high speed for four hours o
disperse the water. The minture i3 sllowed 0 equilibrate for
eight hours.

8. Standaras

ALl

pesticide standards are made from pyre standard materials,

GPC Performance Check Solution: Prepare a solution of
S mg/ml Cacthal, & mg/mi ODENP, and 0.2 mg/mlL Pyrens.

MS Performance Check Soluytion: Prepare 8 5 ng/ul soluticn of
decatliuorotriphenytphosphine (DFTPP) in toluene.

Silica~Gel Performance Check Sotlution: Prepere a solution
centaining 2 mg/ml Dieldrin and 10 mg/ml cholesterol in an
appropriate solvent.

[nternal Standards: Chryscno°d12, phnnunthrcnt~d,°, ang
biphcnyl-d1° are used ass internal standards,. Table 1
indicates whicli internsl stancgarg the target analytes are
referenced to in gquantitation, Table 6§ indicates the
concentration of the internsl standards in the calibration
solutions and in the solution used to add the internal
standards to the samples just prior to M$S analysis,.

surrogate Compounds: lodobentene, 1-lodonaghthaiene, and
4,4’ -difodobiphenyl are used as surrogate cempounds., Each
are present at 123 ug/ml (Table 3) in the sample spiking
solution, Table & indicates the concentration present in
the five calibration solutions.
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é. Pesticides and PCD Standards: A stock solution is made
containing the pesticides listed in Tagble ' and the PCH
congeners (isted in Table 6. Five calibrstion salutigng
4re made at the concentrgtions Ligsted in Table &,

7. Fartification Solutions: The pesticides sre divided intg
three fortification solutions at two ditferent concentrations
(Teable &). Aroclor 1254 is used as the PCB fortification
solutien st the concentrations lListed in Table 4.

Iv, Angiygig ¢f Extrgcts

Samples are anglyzed on g Finnigan-MAT Model 500 SC/mS

Wwith SUPERINCOS scoftware and supplemental public domain software (1,2)
provided by the V.S, EPA lLaboratories in Clncinnati, ONM. ALl Target
Analytes will be quantitied individusily and the results reported as unique
values, except for PCOs, which will be reported by tota! congener at each
degree of chlorination. An enalysis set includes an anelysis of s mass
spectrometer performence check solution (sec. I[11.8.2), an analytical
standard, an unfortified solvent (instrument blank), end twelve prepared
samples. The GC/M$S operator reviews the WS performance soluticn,
analytical stendard, and instrument bDlank dats before starting the analysis
of samples.

A. Gag Chrometoqrapic Qoerpting Pargmeters; A Finnigan-MAT
Model 9610 GC is fitted with a 60 » x 0.32 mm 10 00-5 fused silica

capilliary column (J & W Scientific) snd operasted in s temperature
programmed mode. The capillary column is interfaced directly with ¢
ionizer. Injections are made in spilitiess mode. Specific operating
parsmeters sre provided in Table S,

8. Mass Spectrometric Qperating Pgrpometerg: A Finmnigan-MAT

Model 4500 mass spectrometer is used in the electron impact mode.
Specific opsrating parameters are provided in Table §. The

positive identification of target analytes is based upon & reverse
lLibrary search threshold value snd reletive retention time (RRT),
Quantificestion of the target enalytes is based on the response factors
(RF) relative to one of the three internel standasrds listed in Table 1.
Table 1 is formatted 30 that the target ansiytes folliow the internal
standard used in quantification. RRTs and RFs are initially
determined using data from triplicate analysis of each of five

target anslyte quantification solutions (Table 6).
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GC Parameters:
[njector Temp
[nitial Temp,
First Ramp:
Second Ramp:

MS Parameters:
Cycle time:

1.9

250° ¢

100° ¢ held for 1 minm,

5° c/min to 17%° ¢

3° ¢/min to 280° C hotd for 20 min

second

Acguisition time: 0.95 second
Scan Rate: 1.0 second

Scan Range:

9s

- 550 amu

Electron vVoltage: 70 eV
Emisgion Current: 0.30 maA

Manifold Temp
lonizer Temp.

EEE LT LT TR R P e P PR R E- P R LR RR Y R

9s° ¢
150% ¢

1. Sgmpile Analysis Set: Analysis of samples is

done '1n sets O

f ot

welve consisting of:

. Slagnk: A METHOD BLANK (blamk extraction

apparatus

) i

s anailyted with esach set.

b. fortitied Magrix: A blank metriux

sample 18

fo

rtitied with one of eight different

mixtures of Target Analytes (Table 4) and analyzed
with esch set.

c. Puplicate:
one duplicate samplie. In four of five (80X) of
the sample sets the duplicate is an enviren-
mental sample previously chosen for

anailysis

in

€ach analysis set contasing

that set., in one of five (20%) of the

ssmple sets the duplicaste is a blank matrix
sample that has been fortified with the same
target anslyte subset as the Ffortified Mgtrix

Sample.

Thi

s additional type of duplicate insures

that sutficient dates is available at the end
of the study to evaluate precision on all target

analytes.

12/89 QA/QC Xenobiotics
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on and Approximate Concentrstions of Calibration
Range_0ags_Acguigition

goncentration_ _(ng/fuk)l
Analyte/lnt. Stad./

PC8 Cal. Congeners

cL, 2- 0.25 0.5%5¢ 1.2% 2.50 s.0¢
CL2 2,3- 0.25 0.50 1.29% 2.50 $.00
Cl; 2,64,5- 0.29% 90.50 1.2% 2.50 $.00
CL, 2,2’ ,4,6- 0.50 1.00 2.54Q $.00 10.00
Cls 2,2',3,4,5"- 0.50 1.00 2.5%0 $.00 10.00
C16 2,20 ,4,46",5,8"- 0.50 1.00 2.5¢ $.00 10.400
Cl7 2.2',3,4,5,6,4- 0.7% 1.50 3.7 7.50 15.00
ClB 2,2',3,3",4,5,6"- 0.7$% 1.50 3.7% 7.50 15.00
Cl1° 1.25 2.50 6.25% 12.%0 2%5.00
AllL Target Ansiytes
other than PCSs listed
in Table 1 0.50 1.00 2.50 $.00 10.00
Internal Standards
CHryscnc-d1z 7.%0 7.50 7.50 7.%50 7.50
Phonantnreno-d1o 7.%0 7.50 7.50 7.50 7.50
liphcnyl-d1° $.00 $.00 $.00 $.00 $.00
Surrogate Compounds
fodobenzene 0.50 1.00 2.50 $.00 10.00
1-lodonaphthalene 0.50 1.00 2.50 $.00 10.00
ememmooob.82:0iiggopiphenyl 0,80 ___3.00____2.80___.3.00____10.00 ______
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d. Environmentyl Samoley: Nine Environmental
Samples are anpiyzed with each set.

. Sgmple T-ackirg: A sample tracking and lagging
system 1% USEed tO assure that no samples are
Logt (see sSection [-A).

J. Qata Storage: Jata folders consisting of all
hard caopy output is maintained for each sample.
ln aadition, atll raw GC/MS dats '3 stored on
magnetrc tape.

4. Dgte Review: GC/MS data is inmrtially reviewed
during sample set scquisition by the GC/MS$S operator
to assure that all instrumental QA parameters are Deing
met. Final review and release of the data is the
responsibility of the Project Manager. Once the quatity
assurance criteria have been met, the gquant:fication
information is entered into the datsbase. Quality
assured data iy then transferred to BIQACC/STORET
for availability to the EPA Regions, lefore retease
to the public, all transferred date iy veritied for
compieteness by the database manager.

8. Genmergl Procedures of Analyticpl Quality Assyrence:

1. Gag Ghromatography-™sss Spectrometry Sygstem:

$. jngtryment Mgintengnce; The GC/MS system
is maintained asccording to the manufacturer's
suggested schedule. The maintenance schedule
is indicated on 3 calendar located near each
ingtryument., Log books will be kept for: Daily
instrument settings; Samples analyted;
Mgintenance; and Data Sterage. Instrumental
problems resulting in more than two days of down
time are to be reported to the EPA Mass
Spectrometry Fecility Supervisor to discuss
solutions to the problems.

b. Gag GChromgtographny;: The performance of the
GC is evaiuated Dy determination of the

number of theoretical plates of resolution, and by
reletive retention of the Surrogate Standards.
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Golymn fegolycion: The number of

theoretical plates of resclution, N, i3
determined at the time the calibration curve

is generated using Chrysene-d,, and monitored
with each sample set. The value of N shall not
decrease Dy more than 20X. The equation far «
is given a3 follows:

N s Y6 (AT / U)z

where, RT = Retention Time of
Chry:ont-d1o in seconds
W s Peak width of
Chrysono-d‘o in seconds,

2. Reljgtive Retention Time: Relative
retention times of the internai standards
shall not deviate by more than ¢/- 3 X from
the values calculated at the time the
calibration curve was generated.

€. M33s Spectrometry: The performance of the

mass spectrometer will be evaluated for both
sensitivity and spectral quatity,

1. Sgngitivity: The signal to noise value
must bDe at least 3.0 or greater for ms/1 198
from an injection of 10.0 ng decafluorotri-
phenylphosphine (DFTPP),

2. §pectral Quglity: The intensity of
ions in the spectrum of DFTPP mMmust meet the
criteria Listed Delow:

..V SR -3 5 8 ¥ 1N S

127 J0-40% mass 198
197 < 1% mass 198
198 base peask

199 $-9% mass 198
462 >640X mass 198

—ebb3 L 1Zo23% _masg b3
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2. Gai Pgrmegtion Ghromgatographys; The GPC is
msintained when needed as determined by visual
inspection (column discolorstion, leaks, cracks, etc)
measurement of flow rate, and routine measuremant of
contamingtion of instrument bDlanks.

8. GPC GColymn Flow Agte; The flow rate of tne
GPC iy measured three times during an analysis:
1) beftore the GPC resolution sotution, 2) after atl
samples are Loaded but before analysis and 3) after
all sampies have Deen enalyzed. Flow rate should not
vary by more then +/- 0.2 aL/min,

B. GPC GColymn Regotytions A 350 ul injection of a
performance saolution containing Dacthal (5 mg/my),
DEWP (& mg/ml), and Pyrene (0.2 mg/mL) must be run
daily to evaluate column resolution, anmd to ceterming
analyte starting and ending colliaction volume.

c. Coltlegtion Cycgle: Proper cperation of the
GPC will also De evasluated by recorging the time
during en analysis cycle that the collection/waste
vailve is in the coliect position. This is
accomplished most easily by recording the valve
position on the second pen of s dual pen recorder.
The start and end of the callect cycle must not
deviate by more than +/- 2 mL,

3. §ilices Gel GChromaptography; The silica gel
cotumn will be evaluated by its ability to rasolve
cholesteral from a select model targe: analyte,
Dieldrin., A solution (1.0 mL) containing Dieldrin
(2.5 mg/mL) and cholesterol (10 mg/mL) is spiked onto
silica gel column and eluted with methylene
chloride/hexane (15X, v:v, 60 mL). The etluant,
anslyted by flame ionizeation detector/gas chromatography
(FID/GC) must not contain more than 10X of
the cholesterol while at lLeast 90X of the Dieldrin myst
be recovered,

C. Griterig for Qugntitative AN ig:® ALl of the
following quality assurance criteria must be met before a
quantitative value may be reported for an anslyzte.

1. Gag Ghromgrogrqphic felgtive Retention Time:
Relative retention times of the target analytes shail
not deviate by more than */- 3 X from the values
established during the generation of the calibration
curve (see Table ' for RRT data).
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2. Anglyte ldentificgation Criterig; Reverse search
identitication of an snsiyte (SEAR) must have an FIT
value of 800 or greaster.

3. §igngl tqQ Mgigse: Ths quantification ion must have

8 signal to noise value of at least 3.0.

6. Relative Response Factor: The relative response

tactor for each analyte quantitication ion relative to
the appropriate internal standard quantsification ion
Mmyust not deviate Dy more than 20X frem the value
determingd on the previous day (within & 24 hour period)
and within SO0% of the mean value from the calibration
curve. The target analytes Endrin, Dicofol, and Deca-
chlorobiphenyl must not deviete by more than S0 from
the previous day.

A contrel chart is maintained on the daiily response
factors for each target analyte.

S, §yrroggte Standard Recovery: The percent recovery
(XR) of each surrogate standard will be determined

for all samples, as shown below:
Xts = 100(Co/Cal

where XRs * surrogate percent recovery
Co ®» observed concentration of
surrogate
Ca = actusl concentration of
surrogate added to the sample.

The psrcent recovery must be within 295 and 130

percent for iocdomsphthalane and S0 and 130 percent

for 4&,4'-diiodobiphenyl. The recovery of iodobentens
qualitatively indicates the extent of evaporative

tosses that the analytes Listed in Table 7 mey experience.

6. Jotal Analyte Recovery; fThe overall sccuracy of

quantificeation of atll target ansalytes is evaluated

by the analysis of a subset of target ansiytes
fortified into a matrix blank. Recovery of the
fortified anslytes must fall within the range of 50 to
130X except for those Listed in Taeble 7. The analytes
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Table 7.

eeeothiz_meth

' .

1,3,%-
1,2,6-
1,2,3-
1,2,4
1,2

Target Analytes with

-] P,

low recoveries

Trichlorobenzene
Trichiorobentene
Trichiorobentens
,5-Tetrachiorobsntene
,3,5-Teatrachiorobantene

1,2,3,4-Tatrachlorodenzene
Pentachlorobenzene
nexschlorodbutadiane

Listed in Table 7 show
of 20 to 30X for
recovery (XAR) for all
and must
A control
recovery
To determine total
the percent
using,

chart for tot
is maintained

IRs = 100C(C(CA
where XIRs
A

f

thigs method.

be grestsr than 3%5% but

recoveries that fall in the
An average analyte
target anslytes will De cslculatea
lLess than 130X,

s\ snelyte recovery snd asnalyte

for each spiking solution.

range

snailyte recovery first calculate
recovery {(XR)

for esch fortificestion analyte

i-8i)/TH)

anslyte percent recovery
messured analyte concentration i

n
ortification ssmple after

enalysis,

Ti

Then calculates XAR Dby,
ZAR @

wherse N =

0. Quality gengtroll
quantitative biass (X8)
for eoch snaiyte using LOTUS

Corporation.

nstural
sample Detfore
known true concentration of
sanalyte fortification

Quality control

Percent biss and perceant precision will

analyte concentration in

fortification,

tevel,

(Summation of XRa) /N

number of fortification
sneiytes

in spiking solution.

charts displaying

and precision (XP) are maintained

123 softuare, Lotus Development

be

recorded and the control cheart will be updeted after each

anslysis set. Complete stat

precision at
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1. ggn:ingll !ill Agsessment:
28 s (100(Ca-CD)/T) - 100
where Ca » determined concentration after analysis

Ca s concentration present befors spike sdded,
T = known vaiue of the spike.

2. Cantinugl Precigsion Aggegsment:

Precision of gquantification of each target analyte
will De assessed separstely for duplicate environmental
samples and cuplicate fortified matrix samples,

P = 100((C1-C2)/Ct}

where C1 = concentration of anslyte in spike
sampile 1.
€2 s concentration of amalyta in spike
sample 2.
Ct s Actual concentration of angtyte
for fortified matrix sample or mean of
duplicate environmental samples.

3. Quatity GControi Chert:

--3A_fagtor outsicde of criteria . __.__.._Gorrective Actign____
QFTPP sensitivity and/or retune MS
ion ratios clean nu$g
Relative Retention Time adjust GC parameters

ftush GC column
replace GC column

Relative Response factors retune MN$
recalibrate

Recovery of Surrogate Standards verify MS datas
repeat sample extraction

Total Analyte Recovery (XAR) [f XR for at least 80% of
target analytes not Listed
in Table 1| meets criteria
proceed with calculations,

S —— 1 ¥ 4 1 7594 (9N FUORE T 1.1- 3 § PO
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vi. Quangtificagion of Target Anslytes;

' Q net fi n Pr r

Aesponse factors are determined for each target anatyte and surrogate

compound relative to one of the three internal standesrds. The
response factors are determined bdy:

RF s A_C

xCrs/h

15Cx
where A, 4 peak ares of quantitation ion for g target anaslyte
or¢ a surrogate compound,

A = pesk ares of Qquantitation ion for either
Biph.nyl'd1°, Phennn:nrono-d‘o, or Chrys.no-d1z,

CIS = injected quantity ot the internal standsrd,

cx s injectad quantity of the target analyte or
syrrogate compound,.

Public domain software was provided by the EPA Qffice of
Research and Development, Environmental Monitoring and
Support Laboratory for the automated identification and
quantificatiaon of the target analytes. The dats reduction
softuare uses the following formula to calculate target
analyte concentrations:

CONC = ((QA * NUM * QRV) * FESV) / (VIA * SI2E)

where QA » concentration as calculated using the
response factor from the daily stengard,
NUM 31 factor to convert to number of ug/ai,
QRY 3 Quan Report Volume (0.100 mi),
VIA s Volume Internsl Standard sdded to (C.100 al),
FESY Final Effective Sample Volume,
SIZE sample size (9).

The FESY term accounts for the total lipid preseat in the
sample and the amount injected on the GPC, The FESV i3
calculated Dby:

FESY a final volume (ml) * (Toval Lipid (g) / Lipid on GPC

12/89 QA/QC Xenobiotics 22
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Calculationg for determining surropete spikes and fortified
smounts use the following equetion:

CONC = (SA * FESV) / (FSRY * SI2E)

whore %A * spike amount,
FSRY = Finai Eftfective Surrogate Voliume,
FESY, SIZE = same o3 sbove.

The FSRY term is equal to the FESYV term. The concentration
of a target analyte is denoted in the finel report if it
exceeds the calibration range, (‘€' flag), or is below the
quantitation (imit, (‘0' flag).

8. petermingtion of mimimym Level of Quantification

The calculaced method detection Limits (WNOLs) for the anslytes, (determined
according the federal Register 1988, vol. 40, Appendix 8, Part 134,
Definition snd Procedure for the ODetermination of the Method Detection
Limit, Rev. 1.11), sre unreslistically low in comparison to the analys:s of
the xenobiotic calibration solutions over a two msonth period. Sased on the
analysis of the calibration solutions a minimum level of quantification was
determined for each analyte, as given in the Introduction, which sccurately
reflects the instrumental detection lLimits,

U.3. COVERGENIT PRINTING OFFICE 1990/ 748-138/00430
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APPENDIX B

ADDITIONAL DATA ANALYSES



APPENDIX B-1

Nomographs for Estimating Cancer Risks
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Excess Cancer Risk
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Excess Cancer Risk

HEPTACHLOR EPOXIDE

Consumplion Rale (grams/day)
1000 100 10 1

ity YT BLARREY v L B B \

Lo

-t
o
b L1 L Ll

.

-—
(=]
sl

L.

—
o
oo ap il

10-7 =
3 1000 100 10 1
T 1T IIII| T 1TTY ‘"T] T v 71 I"IT!T_I_T_’\'ﬂIYIr_T_Y—I"TTTIﬁ __'T-Y_T'YIH'YI_T “T"ITT"T[_—T—TT“IT‘I ITT B | [N § 1|7T|
0.0000001 0.000001  0.00001 0.0001 0.001 0.01 0.1 1 10 100

Fish Tissue Concentration
(mg/kg wet wt)

B-1-5



Excess Cancer Risk

Al 1y

ot aanl

-
(=)
ol

il

a1 raanl

106

i1 aaanl

10

i a9l

1000

100

HEXACHLOROBENZENE

Consumplion Rate (grams/day)

1000

0.000001

rrrrrmayg

0.00001

T T TTI770y

0.0001

T T T T ia) T TTTI 1Torrming

0 001 0.01 01 1
Fish Tissue Concentration
(mg/kg wet wt)

100

[LLLALIRL  B { TmirTa

T 11ﬁ1lll

10

10

LONNE 187 A0 i B B | 1

TTrTrTITTNg

100

Al Fryoog

1000

B-1-6



Excess Cancer Risk

alpha-HEXACHLOROCYCLOHEXANE

Consumption Rate (grams/day)

1000 100 10 1
]0-2 ’: mTTlrf_T' -rnlrll 'T_——]Tl Tl'l'—]**]
3
]
103 E
|
104 3
10°° e
]
h
10 =
]
10-7 -
]
J__—T_T—TTTTT]"—T_T_T_TW_—T—[W*T T'rrT'nT'—__T“—T_T_T_TTYH'_A'T‘ I T T ATII Ty TTTrring

0.000001 0.00001 0.0001 0.001 0.01 01 1 10 100

Fish Tissue Concentration
(mg/kg wet wt)

Torrrar

1000

B-1-



Excess Cancer Risk
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PCBs
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Excess Cancer Risk
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APPENDIX B-2

Nomographs for Estimating Noncarcinogenic Hazard
Indices
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CHLORDANE NONCARCINOGENIC EFFECTS
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Hazard Index

CHLORPYRIFOS NONCARCINOGENIC EFFECTS
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B-24

p,p'-DDE NONCARCINOGENIC EFFECTS

Consumption Rale (grams/day)
1000 100 10 \

Ioo ‘.‘j ﬂ'rrn—T*T" T 'TT!’T‘TYI' - TIT1 1 1 |
]
4
10
1
E
x
Q 1
O 3
£ ]
© ]
e
s :
T 01 -
|
0.01 A
0.001 LEIRERALRLS T Ty | NS S e o 6 e S 8 s e e S e e B 4 (R BN B SR I ) A S BN B AR R
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Fish Tissue Concentration
(mg/kg wet wt)



100

10

Hazard Index

o

0.01

0.001

0.06001

)

Loy aanl

a1 aal

Lol N

1

ldal

DIELDRIN NONCARCINOGENIC EFFECTS

Consumption Rale (grams/day)

1000

100

10

1

ﬂ'nTTI/ [TV I'"'/I‘TI T 1

T T
0.0001

L

ST A 0 O T S T A I T A B A IO OO I T R I R T T S T A I e
0.001 001 01 1 10
Fish Tissue Concentration
(mg/kg wet wt)

Ty oTavny 7T

100

ety

1000

B-2-5



HEPTACHLOR NONCARCINOGENIC EFFECTS
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Hazard Index

HEPTACHLOR EPOXIDE NONCARCINOGENIC EFFECTS
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HEXACHLOROBENZENE NONCARCINOGENIC EFFECTS
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ISOPROPALIN NONCARCINOGENIC EFFECTS
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Hazard Index
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MIREX NONCARCINOGENIC EFFECTS
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TRIFLURALIN NONCARCINOGENIC EFFECTS
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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 The U.S. Environmental Protection Agency Region which includes the
sample location.

2, EPISODE The EPA Episode Number which is specific to each sampling location.

3. LATITUDE The latitude of the sample site in degrees, minutes and seconds.

4 LONGITUDE The longitude of the sample site in degrees, minutes and seconds.

5 STATE The state where the sample was collected.

6. WATERBODY Name of the water body where the sample was collected.

7. LOCATION The nearest town, road or county to the sample location.

8. NSQ Sample site from the USGS NASQAN monitoring network.

9. B Background site as selected for study.

18.

POINT SOURCES: Point sources include the following six categories:

PPC

PPNC

REFINERY

NPL SITE

OTHER INDUSTRY

POTW
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 (Superfund site).

Site near industrial facility other than a paper mill, refinery, or wood
preserver.

Site near discharge of a Publicly Owned Treatment Works (POTW).

Site near active or former wood preserving activity.

NONPOINT: Nonpoint sources include the following two categories:

URBAN
AGRICULTURE

Site near urban runoff.

Site near agricultiral area.
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TABLE B-3
Matrix of Episodes and Site Descriplions

l POINT SCURCES NORPOINT
Epiaode T TR Omer [ | Additenal Sie Description
2 llosicde  Eesglinde Siste Waterbedy Lecatien NSQ B [PPC_ PPNC WP  Rfny  Kae lod POTW |Urham Agri | (Faciliths in the vicimity of the sampling site)

I |2376 |41:22:00N 072:52:40W [CT Quinipiac River North Haven Industry: chemical & pesticides; clecironics; plastics; metals; Superfund
eite {enhmmnte)
site (solvents)

[ [2375 [41:36:47N 071:58:26W |CT Quinncbaug River  Jewett City Ind.: organic chem. & pest., textiles; Superfund site (Furans)

i 2365 [42:37:25N 071:23:10W |MA Memmack River  Tyngs Islaad Ind.: chem. & pest., industrial WWTP; P&P mill on Nashua R. (irib.);
Superfund site (solvents)

i |3151 [42:35:22N (72:21:08W |MA Millers River Erving X Erving Paper Mills; wooded area; Ag: croplands and grazing ficlds

1 | 3150 {42:35:46N 072:03:27W (MA Otter River Baldwinville X Erving Paper Mills; wooded area; Ag.: croplands and grazing fickds

i 2356 {44:06:10N 070:13:58W |ME Androscoggin R.  Lewision X X X X aper, Boise Cascade, James River, Ind.: texiiles

1 | 2721 {44:15:20N 070:10:50W ME Androscoggin R.  Turaer Falls s X International Paper Co. in Jay

i | 2725 [44:30:09N 070:15:00W [ME Androscoggin R.  Riicy Dam X Boise Cascade in Rumiford; rurai;wooded arca

1 | 3026 [44:10:20N 070:20:25W |ME Androscoggin R.  Aubura X Ind.: tentiles; downstream of paper mills

I 3028 |45:04:48N 067:19:25W | ME Bearce Lake Barring X |

1 ] 2358 {44:36:30N 067:55:30W | ME Narraguagus R. Cherryficld Two blueber[y processing plants; blueberry ficlds ( pesticides)

1 [ 3022 {44:32:30N 070:07:15W |ME North Pond Chestervilie X No industry, wooded and swampy arca

1 12355 {44:49:20N 068:42.30W (ME Pcnobscot R. Eddingion X James River Corporation on Old Town

[ [2722 {43:34:35N 070:33:45W |ME Saco River Union Falis X X Same as 3027; POTW on upstream eib. yet is Background sile

1| 3027 {43:34:25N 070:33:55W |ME Saco River Union Falls X X Same as 2722; POTW on upstream trib. yet is Background site

1 3023 {44:54.30N 069:55:05W |[ME Sandy Pond North Ansoa X

1 3024 [44:54:00N 069:15:15W |ME Scbasticook E. Br. Newport X Industrial WWTP

1 | 3025 |44:49:40N 069:24:00W ME Scbasticook W. Br. West Palmyra X Industrial WWTP

1 {3152 (44:24:42N 071:11:229W |NH Androscoggin R.  Berlin James River Corporation

1 | 3426 [40:35:45N 074:12:20W |[NJ  Arthur Kili Carteret GAF Corp. (chem. manufacturing)

11 ] 3429 [39:34:30N 075:31:00W (NJ  Delaware River Salem Superfung site (several sites; metals & org. chemicals)

Il | 3430 {39:13:00N 074:37:30W |NJ  Great Egg Harbor Background even though has agricultural arca and POTW nearby

11 {2651 [39:36:00N 074:35:00W |NJ  Mullica River Green Bank Wooded arca

[T | 3427 [40:39:15N 074:09:16W [NJ  Newark Bay Elizabeth Landfilt

11 | 2653 [40:54:30N 074:1200W {NJ  Passsic River Paterson Marcal Paper and P&P mill on trib ; Ind.: mctals, chem. & pest .,
Superfund site (solvents)

Il 3428 {40:43:15N 074:.07:15W [NJ  Passaic River Newark X 80 Lister Ave.: chem. manufacturing

[ | 3433 {40:28:24N 074:03:40W INJ Raritan Bay X P&P mill effluct into bay; Exxon Co.; Ind.: chem.; Superfund site (several
sites; melals & org, chem.)

11 {3434 {40:27.00N 074:03:00W |[NJ Sandy Hook X X Exxon Co.

Il | 2654 {39:57:30N 074:12.30W [NJ Toms River X X Ind.: chemical; Superfund site (chlorobenzene; Hg)

I | 3304 (43:59:30N 076:04:30W |NY Black River Delta  Dexter X Five paper mills (PPNC); Air Brake Co_; hydro-power; dairy ficids

11 | 3296 |42:51:45N 078:52:00W |NY Buffalo Harbor Buffalo X Ind.: chemical, steed, petrochemical; tandfills

Il | 3298 (42:52:00N 078:52:30W |NY Buffalo River Buffalo X Allicd Chemical (masufacturer of HCB); landfills

1§ | 3301 |43:20:20N 078:43.00W |[NY Eighteen Mile Creek Olcott X Ind.: Harrison Radistor; chem. (HCB); Ag.: orchards and croplands

I | 2326 142:13:00N 078:01:00W |[NY Gencssee River Belmont Same as 3309. Sampled below Belmont Dam. Superfund sitc is
approumately 10 miles upstream (beavy metals, hydrocarbons)

11| 3309 /42:13:30N 078:02:00W |NY Genessee River Belmont Same as 2326
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TABLE B-) (cont.)
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POINT BOURCES NONPOINT
DAL.-« NFL Other Additlonal Site Descripiion
#  [Lathede  Loaghtude Siate  Waderbedy 1 B [PPC_ PPNC WP Rimy Sl ind  PUTW |lirhan Agri| (Facilities is the vicinity of the sampling shte) _

3306 (44:57:30N 074:49.00W (NY Grass River Massena X Sampled below ALCOA’S ouifall (PCB concern); GM & Reynolds (2
miles below mouth of river)

3319 | 40:40:00N 073:20:00W |[NY Great South Bay Babyloa X X X | Sume as 3320

3320 (40:40:45N 073:19:00W {NY Great South Bay Babyloa X X X | Same as 3319

2709 |41:16:30N 073:57T00W (NY Hudson River Peekskill X X X Same as 3409, Ind.: chem.; P&P mill 150 river miles upstream; Superfund
site (PCB)

3259 (43:08:00N 073:36:30W |NY Hudsoa River Fort Miller X X Fort Miller Pulp and Paper (Finch, Pyruyn & Co.}

3409 {41:20:00N 073:57:30W |NY Hudson River Peekskill X X X Same as 2709; Ind.: chem.; P&P mill 150 river miles upstream; Superfund
site (PCB)

3321 |40:38:40N 073:50:40W {NY Jamaica Bay New York X X X Ind.: chem.; airport; lundfill

3322 |40:37.45N 073:.47:00W (NY Jamaica Bay New York X X X Ind.: chem.; airport; lundfill

3260 [43:51:30N 073:22:00W |NY Lake Champlain  Ticonderoga X lnternational Paper Co.

2328 143:20:25N 078:43:14W |NY Lake Ontario Olcott X X | Ag.: apple orchards and croplands

2329 |43:14:05N 077:3203W |NY Lake Ontario Rochester X X | 1nd.: chem (Kodak); Site at the mouth of Genesee River

3323 |40:48:00N 073:45:00W [NY Little Neck Bay Loag Is. Sound X X X X | Samec 253324

3324 (40:47:00N 073:45:00W [NY Little Neck Bay Loung Is. Sound X X X X | Samec as 3323

3325 [40:49:00N 073:40:00W (NY Manhasscit Bay Loag Is. Sounsd X X X X | Same ax 3326

3326 |40:50:10N 073:40:15W |NY Manbasselt Bay Long Is. Sound X X X X | Same as3325

3300 |43:15:30N 079:03:45W |NY Niagara R. Delta Porter X X X X | Ind.: chem,; Olin, Dupont, Qxidental (HCB); Ag.: orchards; landfill

3297 [43:03:00N 078:58:55W |NY Niagara River Niagara Falls X X X Ind.: chem.; Olin, Dupont, Oxidental Chem. (HCB), (companics
downstream of site)

3299 |43:02:00N 078:53:45W |NY Niagara River N. Tonawanda X X X Ind.: chemical

3302 (43:10:30N 079:03:10W |NY Nisgara River Lewistoa X X X X | Ind.: chem,; Olin, Dupont, Oxidental (HCB); Ag.: orchards

3303 [44:12:30N 075:00:00W {NY Oswegatchic River Newton Falls X Newton Falls Paper Mill (defunct since October 1984)

3412 {43:28:00N 076:31:00W (NY Oswego Harhor Oswego X Ind.: Chemical

3305 |44:58:30N 074:44:00W |NY Raqueite River Massena X X X Potsdam Paper and Nocfolk Paper (PPNC); ALCOA, GM, Reyonokds
(upstream of mouth)

2322 (44:59:00N 073:21:00W [NY Richelicu River Rouses Pt. X

3308 {45:00:00N 073:21:00W |NY Richelicu River Rouses Pt. X

3411 {43:11:18N 077:31:30W |INY Rochester Embay. Rochester X lnd.: chemical

3307 |44:42:30N 075:28:30W |[NY St Lawrence River Ogdeasburg X Ponderosa Fibers (out of business more than 4 years); Dow chemical in
Canada

3327 |40:38:20N 074:02:15W |[NY Upper Bay New York X X X Sampled at 69th Street Pier

3432 |17:59:40N 066:46:25W |PR  Guayanilla Bay X X

3431 (18:26:40N 066:06:30W |PR  San Juan Harbor  San juan X X X Caribbean Guif Refining Corp.; landfill

2210 |38:52.220N 077:02:15W |DC E.Potomac River DC X X X X

3147 |38:5230N 07702:30W |DC Potomic River Park N. of Wilson Br X X X X

3099 [38:35:00N 075:12:00W |DE Indian River Roscdale X | Estuary

3098 |19:48:08N 075:39:44W |DE Red Clay Creck Ashland X X X | ind.: metal plating, mining; illicgal dump (Jandfill); Ag.: musbroom farming

3097 (39:35:40N 075:37:50W {DE Red Lion Creek Tybouts Corner X Chemical spill (HCB concern); Superfund site (HCB)

3149 | 3:43:58N 075:45:37W (DE White Clay Creck  Thompson X

3100 139:15:36N 076:31:30W (MD Baftimore Harbor  Baltimore X X X

3317 [39:28:00N 079:01:.00W (MD Potomsc RN.Br. Westernport X X Westvaco (indiredt); rural
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TABLE B-3 (comt.)
POINT SOURCES NONPOI
EPAEpisede NFL Osher Adiionel Sitn Description
#  [Latiede  Longitude SieleWailerbody Lecation B {PPC PPNC WP Ry Sl Ind POTW |Usbes Agsi | (Faciliites ln the vicinity of the samepling uite)

1 | 2231 (39:39:3IN 076:10:28W |MD Susquchanna River Conowingo X X Same as 3103

111 [ 3103 {39:38:00N 076:10:00W |MD Susquehanna River Conowingo X X Same as 2231

111 | 3316 |41:25:20N O78:44:10W |PA Clarion River Ridgeway Peatech Papers in Johnsooburg; rural; acid mine draisage

Ul | 3161 |39:56:30N 075:14:35W |PA Coubbs Creek Philadelphia X X X Old PCP plant (defunct for more than 5 years); landfill

It | 3420 |39:53:42N 076:49:09W |PA Codorus Creck Spring Grove P.H. Gladtfelder in Spring Grove

1 | 3094 |40:02:24N 074:59:20W |PA  Deiaware River Torrcsdale X X X

I | 3095 {39:53:00N 075:11:46W [PA Delawarc River Schuylkill Jnct. X X X X Coastal Eagle Point Qil Co. in NJ; Inorganic chem.

111 | 3096 |39:51:36N 075:18:40W |PA  Delawarc River Eddystone X X X X X | Mobit Qilin NJ; Ind.: chem; mulliple sources; Ag.: croplands (truckisg of
vegelables)

I | 3318 {40:23:20N 078:24:20W |PA  Frankstown Beanch Kladder Station) Appicton Paper oa the Juniata River (Holter Creek)

11 | 3419 {42:09:25N 080:02:57W |PA Lake Eric Erie X X X Hammermill Paper (indirect); ruilyard; food processing plast

11 ) 3310 |40:39:40N 075:14:35W |PA  Lehigh River Easton X X X Steel industry

11 | 3101 |40:03:40N 075:28:23W |PA Litle Valley Creek  Paoli X X | Paoli Railyard (historic PCB problems)

11l | 2215 {40:17:30N 079:52:33W |PA Mounongahcla River Clairton X X X Ind.: inorganic chem. and pest.

1l | 2212 |39:58:00N 075:11:20W |PA  Schuylkill River Philadclphia X X X X X Same as 3104; two refincrics; [nd.: org. chem. & pest.; P&P mill;
Superfund site (PCF)

11l | 3104 |39:58:22N 075:11:33W [PA  Schuylkill River Philadelphia X X X X X Same as 2212; two refincrics; Ind.: org. chem. & pest.; P& P mill;
Superfuad site (PCP)

Il | 3415 | 41:23:30N 075:48:00W |PA Susquchanna N.Br. Ransom X Superfund site (beavy metaks)

i1 | 2211 [40:03:00N 076:30:00W |PA Susquchanna River Columbia X X Gladtfelder (bicachkraft) 20 miles upsiream on tributary

Hl | 3414 |41:18:50N 075:48:45W |(PA Susquchanna River Piitston X Superfund sitc (beavy metals); acid mine drainage

1 | 3315 |40:21:00N 076:23:00W |PA Union Canal Lebanon Pesticide coacern

I | 2216 [41:33:22N (77:41.28W |PA Young Womens Cr. Renovo X

11 | 3422 136:33:10N 076:54:57W |VA Blackwater River  Riverdale Union Camp Corporation in Franklin

11 | 3421 |37:47:15N 080:00:06W |VA Jackson River Covingloa Westvaco Corporation

I | 2225 |37:35:00N 079:25:00W |{VA James River Glasgow X X X | Light agriculture; sural

1l | 2228 [37:40:15N 078:05:10W |VA James River Cartersville X X | Westvaco (PPC); Virginia Fibers and Nekoosa Edwards (PPNC)

NI | 2227 |36:46:13N 077:09:59W | VA Nottoway River Sebrell X X Unioa Camp is 20 milcs downstream of sampliag site

I | 220 37:46:03N 077:19:5TW (VA Pamunkey River Hanover X X Upsiream from the Cheascpeake Corporation

1 | 3423 |37:31:55N 076:48:40W |VA Pamunkey River West Point Cheasepeake Corporation (upsircam of site)

11 | 3424 (37:32:01N 076:50:38W |VA Pamunkey River West Point Cheasepeake Corporation (downstream of site)

11| 3193 |37:01:45N 078:55:40W |VA Roanoke River Brookneal X | Rural

111 | 3258 |36:49:48N 076:17.30W |VA S.Br.Elizabeth R.  Norfolk X

11 | 2500 {38:27:00N 081:49:00W |WV Kanawha River Nitro X X X X | Ind.: pesticides, trichlorophenol, and orgasic chemicals (Dow and
Moasaato); rural

11 | 3314 [38:31:30N 081:54:37W |WV Kanawha River Wiafield X X X X | Ind.: pesticides (Momsasto); rural

I | 3311 |39:40:00N 080:51:52W |WV Ohio River Nw. Martinevie X X X

01 | 3312 {40:09:10N 080:42:25W (WV Ohio River Wheeling X X X X Quaker State Oil Refining; steel industrics; urbaa ruaoff

111 | 3313 [39:31:10N 077:5230W {WV Opequon Creek Bedington X X X | Ag.: orchards; rusal

IV | 2304 {31:32:48N 089:30:45W |AL Alabama River Claiborne X Alabama River Pulp Company

IV | 2309 132:24:41N 086:24:30W | AL Alabama River Moatgomery X X X X | lad.: organic chem. & pest.; Fence-post company; Ag.: croplands
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TABLE B-J (cont.)

L‘_‘_ ] POINTMOURCKY | NONPOINT]
EPA NPL Other Additioasd Sikte Description
# | Lotltude  Longiude Sinte  Waterbedy Lecatios NSQ B |PPC_PPNC__WP Riny Skt ind POTW (Urhea (Fockiiten in the vickaity of the sampling vite)

1V | 3360 {32:07:55N 085:03:43W |AL Chattahoochee Cottonton X Alsbama Kraf in AL (goes into (A water but on AL side)

1V | 3170 {31:29:40N 085:22:06W AL Choctawhatchee R. Henry Co. X

IV | 2302 |31:04:01N 087:.02:40W |AL Conccuh River E. Brewton X Container Corporatioa

IV § 3172 )31:25:07N 088:26:45W | Al. Coosa River AL/GA State L X

1V | 3328 {33:17:24N 086:21:42W |AL Coosa River Coosa Pines X X | Kimberly Clark; wooded arca; Ag.: croplunds and grazing fickds

1V | 3171 [31:01:02N 085:13:24W | AL Cowarts Creck Houston Co. X

IV [ 3169 |33:50:15N 086:31:46W |AL Inland Lake Blount Co. X

1V | 3168 |30:52:30N 087:57:48W |AL Mobile River near Cold Cr. X X X X | Several chem. & pest. plants; Hydro-power

IV [ 3331 [30:30:00N 087:20:15W |FL 11 Miie Creek Cantonment X X | Champion International Corp. in C. t; rural; pland; Ag.:
croplands

IV [ 3332 {30:38:52N 081:29:28W |FL  Amclia River Fernandina Bl X ITT Rayoaier, Inc.

1V | 2151 (30:23:04N 085:33:24W |FL Econfina Creek Panama City X

IV {3329 |30:01:00N 083:46:00W |FL Fenholloway River Perry X X | Buckeye Cellulose; rural; swampland; Ag.. grazing ficids

IV | 3334 |29:50:31N 085:17:59W |FL  Gulf Co. Canal St. Joe X X X St. Joe Paper (indirect)

IV | 3174 {27:12:18N 080:47:28W |FL Lake Okeechobee  Okeechobee X

IV | 2148 |27:38:54N 080:24:10W (FL  Main Canal Vero Beach X X Collected below salinity structure

IV [ 3333 [30:07:38N 085:39:25W |FL  Si. Andrew Bay Panama City X X Soutbwest Forest Jnd., Inc. (indirect) (Stoac Containes Corp.)

1V | 2142 [29:38:48N 081:37:32W |FL  St. Johns River Palatka X X X | Georgia Pacific Corporation

IV | 3173 |30:00:00N 081:40:00W |FL St. Johns River Green Cv. Spr X X Wood treatment plant

1V | 2152 130:21:30N 0B2:04:54W |FL  St. Mary's River Maceleany X X

1V | 33130 |30:28:00N 083:15:00W |FL Withlacooche River Bluc Spring X

iV [ 3337 |31:39:10N G81:49:00W [GA Altamaha River Jesup X X { ITT Rayoaier, Inc.: swampland; Ag.: croplands

1V | 3177 |34:26:00N 083:40:30W |GA Chattahoochee R.  Gaincsville X X X X | Town of Schoville: heavy metals, wood products; Ag.: chickco farms and
orchards

1V | 3375 [33:39:24N 084:40:25W |GA Chautahoochee R.  Austell X X Box Board oa Hwy 92

1V [ 3376 [33:28:37N 084:54:04W |GA Chattahoochee R.  Whitesburg X

1V [ 3377 [33:16:45N (85:06:00W [{GA Chattahoochee R.  Franklin X

1V | 3378 [31:08:00N 085:04:00W |GA Chauahoochee R.  Donaldsoaville X X Greal Southern Pucific Paper Company

1V [ 3178 |34:55:00N 083:10:00W JGA Chattooga River Claytoa X

IV | 3179 |34:27.00N 083:57:30W [|GA Chestatee River above L. Lanier| X X X { Mining: gold, sand, and gravel; Ag.: orchards, dairy farms & chicken
houses

1V | 2294 {32:01:20N 083:56:30W |GA Flint River L. Blackshear X Procter & Gamble (Buckeye Cellulose)

1V 13176 (30:52:00N 084:36:00W |GA Lake Seminole X X X | Great Somhern Pacific Puper Company

IV { 3336 (30:43:37N 081:3200W [GA North River (mouth) St. Marys X Gilman Paper Company

1V | 2290 133:22:25N 081:56:35W |GA Savannah River Augusta X X X Federal Paperboard in Poad, Georgia Pacific; Ind.: pest.

1V { 3175 {32:10:30N 081:.08:50W |GA Savannah River Savannah X X X X X Fort Howard Paper (PPC), Uniot Camp asd Stosc Container Corp.
(PPNC); Nuclear powes

IV | 3338 [33:22:00N 081:5600W {GA Savannah River Augusta X X X X Poaderosa Fibers (indirect)

1V | 3180 [31:18:00N 084:4500W |GA Spring Creck Early County X

1V | 3335 |31:08:1SN 081:31:35W |GA Turtle R. (mouth) S. Brunswick R. X Brunswick Paper & Pulp on the Turtle R.; marshland; wooded area; Ag.:
grazing ficlds
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TABLE B-3 (cont.)

rowtsouncess [ NonrowT]

EPAEpiode NPL Other | Additional Site Unacriphion

Reg| #  {Latitode  Longitude State Walerbedy Lacall NSQ B [PPC_PPNC__WP  Rimy  Sie lad POTW (Urbam Agri)  (Facilitios in the vickoity of the Mg site)

1V [ 3183 |38:24:22N 0(82:35:52W |KY Big SandyR. Catiletsburg X X X | Ashland Oil Inc; {nd.: chem,. iron and steel; coal mining, timber

1V | 3339 |36:55:41N 089:05:52W |KY Mississippi River  Wickliffe X X | Wesivaco Corporation; Ag.: croplands

IV | 3182 {36:55:27TN 086:52:4TW |KY Mud River Russellville X X X | lad.: metal plating; rendering plant; Ag.: croplands

1V | 2056 |38:00:30N 085:56:30W | KY Ohio River West Point X X X X X | Same as 3181; Ind.: chem. & pest., refinery; Ag.: crops; Superfund site
{PCB's; solveats; dioxins & furans)

IV | 2341 [38:46:29N 084:57:52W |KY Ohio River Markland X X X X | Williamette Industries; muhtiple sources; rural

IV [ 3181 |38:00:30N 085:56:30W |KY Ohio River Westpoint X X X X X | Same as 2056; Ind.: chem. & pest., refinery; Ag.: crops; Superfund site
(PCB's; solvents; dioxins & furans)

IV | 3446 |38:24: 22N 082:35:52W |KY BigSandyR. Catlettsburg X X X Ashland Oil refinery; coal mining

1V | 3185 [30:25:00N 089:04:00W [MS Bernard Bayou Gulfport X X X Ind.: chem.; woud treatment; (gas recovery) refinery; rural; Superfund site
(solvents)

1V [ 2126 |32:20:41IN 090:51:48W !|MS Big Black River Bovina X X X | Ag. soybcans and cotlon

v MS Chevron Effluent  Pascagoula | X X X X Chevroa refinery, lolcrnational Paper; shipyard; fertilizer company

v 4 MS  Escatawpa River Mass Point X International Paper Company

iV (3340 |31 13 ZBN MS  Leaf River New Augusta X Leaf River Forest Products

1V [ 2435 131:25:00N O MS  Mississioni River  Natchez X : International Paper Company

IV [ 2133 |32:29:14N MS  Yazoo River Redwood X X | Same a5 3184; Ind.: paper; fertilizer plant

IV | 3184 [32:28:00N (090:49:00W [(MS Yazoo River Redweod X X | Same as 2133; Ind.: paper; fertilizer plant

1V | 3344 34:23:50N 078:10:30W (NC Cape Fear River Riegelwood X X X | Federai Paper Board,; rural; swampland; wooded area; Ag.: croplands

1V [ 2139 135:40:02N 093:04:3W |NC Cattaloochee Creek Cattaloochee X Champion Paper (PPC-indirect source); wooded area

1V [ 3165 {34:43:50N 079:39:24W |NC Dcep River Ramseur Dam X X X

iV | 3345 |35:15:06N 082:40:45W |NC French Broad River Pisgah Forest X X X | Ecusta (sulfite mili using chloring); rural; wooded arca; Ag.: croplamds

IV | 3164 |35:56:45N 079:19:20W |NC Haw River Saxapahaw X X X | ind.: textiles; rural; Ag.: croplands

iV [ 3342 [34:36:30N §78:59:00W |NC Lumber River Lumberion X Alpha Ceiiuiose (suifiic mill using chiofine)

IV | 3167 135:50:35N 078:50:20W {NC Medlins Pond Morrisville X Koppers Company (wood treat.); Superfund site - wood treat. (PCP)

iV | 3166 |35:08:00N 083:35:15W |NC Nanibaiia River Macon Co. X

1V | 2138 135:15:29N 077:35:09W |NC Neuse River Kinston X Weyerhacuser Company

1V ] 3395 135:11:56N 077:06:45W | NC  Neuse River New Bern X Weyerhacuser Company

IV | 3343 [35:32:05N 082:54:40W |NC Pigeon River Clyde X X X : Champion international in Canton; rural; wooded area; Ag.: croplands

1V | 3346 [35:51:55N 076:45:40W |NC Roanoke River Plymouth X X | Weyerhacuser Company on Welch Creek; rurai; wooded area; Ag:
croplands

1V } 3385 |35:59:25N 081:31:32W |[NC Yadkin River Pattersoa X X Scaled Air Corporation (makes absorbunt paper for meat trays)

1V | 3347 {34:42:30N 080:51:50W [SC  Catawba River Catawba X X | Bowater Cacolina; rural; wooded arca; Ag.: croplands

1V | 3186 {32:45:50N 079:53:10W |SC Charleston Harbor Charleston X X X X Westvaco Paper and Pulp; Amoco chemical plant

1V | 3348 |33:21:24N 079:18:34W |SC  Sampit River Geoargetown X laternalional Paper Company; rural, wooded ares; Ag.: croplands

IV | 3187 (32:29:46N 080:31:33W |SC  St. Helena Sound X X

IV | 3349 [33:51:08N 080:3732W (SC  Waterce River Eastover X X | Union Camp Corporation; rural; woodcd area; Ag.. croplands

IV [ 2301 [35:29:45N 0687:49:58W (TN Buffalo River Flatwoods X X

IV | 3189 [35:55:37N 084:58:18W |TN Ft. Loudon Res. X X Ind.: alumioum

1V | 2298 [35:16:31N 088:58:36W 'TN Haichic River Bolivar X

IV [ 3350 [35:19:08N (84:48:13W |[TN Hiwasce River Calboun ' X X | Bowater South Paper Company; rural; wooded area; Ag.; croplands

IV [ 2297 [36:00:56N 083:49.54W (TN  Holston River Koomville . X X X Industry: metals
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POINT SOURCES

| nonvowT

IPAL)h‘

1 Latitede  Loogitude State  Waterbedy Lacation !; Bl FC__FPNC_ WP

IV | 3403 [36:33:02N 082:35:00W | TN HoiswaR., S. Fork  Kingsport X

IV | 3444 |35:05:15N 090:05:30W | TN  Mississippi River Noaconnah Cr. X

IV | 3188 |35:03:54N 085:20:28W | TN  Nickajack Reservoir

IV | 3404 |36:01:20N 083:1200W | TN  Pigeon River Newpon X

IV | 3351 {35:56:24N 083:10:52W | TN  Pigeon River Newpon X

IV | 3190 [35:50:15N 084:04:13W | TN  Tenncasee River Knoxville

IV | 3401 [35:03:54N 085:16:39W | TN  Tennessee River Hardin Co. X

Y | 2379 |37:37:3IN 089:25:42W | IL  Big Muddy River Grand Tower X

V 12383 [41:35: 47N O8B:04:07W | IL  Des Plaines River Lockpon X

V | 3113 |4):52:13N 088:1831W | IL  Fox River Geneva

V 12380 141:19:40N 083:45:10W | IL  Ilinois River Marscilies X

V ] 3114 |39:43:.00N 091:31:04W | IL  Mississippi River Quincy X

V | 3115 [38:32:30N 090:15:00W | IL  Monsanio Effluent  East Su. Louis

V 3117 |4221:10N 087:49:40W | IL  Lake Michigan Waukegan

V 12059 [41:37:10N 087:29:15W | IN  Indiana Harbor Can.  East Chicago X

Y 13356 |41:37:10N 087:29:15W | IN  Indiana Harbor Can.  East Chicago X

V | 2060 {38:07:50N 087:56:20W | IN  Wabash River New Hanmnony

V | 2057 |38:30:45N 087:17:30W | IN  Whike River Petersburg

VY | 3119 |42:33:00N 085:54:00W | MI  Allegan Lake Allegan X

V 3118 |45:50:00N 087:05:00W | MI  Escanaba River Escanabe X

Vv | 1994 |43:03:00N 083:48:45W | Ml  Flint River Flushing

VvV 3120 |42:39:00N 082:1000W | Ml  Kalamazoo River Saugatuck

Y | N2 [45:47.00N 087:59:.00W | Ml Menominee River Quinnesec X

V 1998 |43:15:.05SN 086:14:55W | Ml  Muskegon Lake Muskegon X

Vv | 3148 |43:1505N 086:14:55W | MI  Muskegon Lake Muskegon

V 12432 [43:19:57N 086:08:42W | Ml  Muskegon River Bridgon X

Y | 2410 142:16:45N 083:07:20W | MI  Rouge River River Rouge

VY {2431 |46:29:45N 084:22:25W | Ml St Marys River Sault St Marie | X X

VY 12430 |46:34:30N 085:15:10W | Ml  Tahquamenon R. Paradise X

V | 2435 |47:55:23N 089:08:42W | MI  Washington Creck Isle Royale X

V ]2387 |44:16:08N 093:21:0SW | MN Cannon Lake Fairbauk X

Y | 2437 |44:41:33N 093:38:35W j MN Minnesota River Jordan X

Y 13112 [45:58:17N 094:22:05W | MN  Mississippi River Little Falls X

V | 3125 |44:33:34N  092:25:47W | MN  Mississippi River Red Wing X

V | 2385 {48:36:29N 093:24:13W | MN  Rainy River iniern’! Falls X

V | 3001 |48:35:29N 092:53:34W [ MN  Rainy River Inern’] Falls X

V 12416 [41:29:50N 081:42:10W ; OH Cuyahoga River Cleveland

v [ 2394 |39:33:44N 084:18:19W | OH  Great Miami River Franklin X

v 2439 [39:15:53N 084:40:30W  OH  Great Miami River Nw. Bakimore X X
N
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(Fancilitiss in the viciuity of the sumpling site)

Mecad Corporation (Chlorine Dioride process)

Magpco, Exxon, Union refinerics; coment factory; soybean processing
Ind., chem; coke; rendering; railyards; landfill

Champion lawcmationa! in Noah Caroling

Champion Intemational in Nurth Carlina

Tennesee River Pulp and Paper in Counce, TN
Ind.; organic chem. & pest.; Refinerics (downsiream); steel: incinersor

Ind.; chem, & pest.; Union oil, Texaco, Mobit, Ammunition plan
Celowex Corporation {deinking)

Six chemical/phamuaceutical plants (paradichiorubenzene)

Open Iake sampie; Superfund sie: (PCB) at Waskegan Harbor

Same as 3356, Amoco Oil; Ind.: primarily sicel; wastewaser, Superfund sik
(PCB)

Same as 2059; Amoco Oil; Ind.; primanily steel; wasiewater; Superfund sin
(PCB)

Ind.: chem. & pest.; coal mining; (sitc at the mouth of the Wabash R.)
Hydro-power; coal mining

Historical PCB coniaminmon from paper deinking; Superfund site (PCB)
Mead Corporation (historical PCB comaminmion)

Automobile manufacturing (heavy metals and vils)

Historical PCB contamination sie is downsiream of Kalamazoo
Champion [ntemational Corporation

Scott Paper (indirect); Power & chem. plant; Ag.: orch.; same as 1148;
Superfund site (PCB)

Scou Paper (indirect); Power & chem. plant; Ag.: orch.; saine as 1998,
Superfund site (PCB)

Far upstream of bleachkraft (Scott Paper Company)

Ind.: heavy sieel; chem.; automobile (PCB's in effluent)

St Mary's Paper; Algoma Sicel; dredging

Canadian Bleach Knaft P&P mill about 30 miles upwind in Thunder Bay,
Ont

Hennepin Paper
Ashland OiVKoch Refining; urban runoff; historical PCB contamination

Boise Cascade on both sides of the river

Site is above the dam. Boise Cascade owtfall is below dam.

Ind.: chem,; oid,

Appieton Papers and Miami Papers (deinking): Ind.: metals and others

Sorg P&P mill (deinking); Proctor and Gumble; Ag. runofl; Superfund site
]




TABLE B-3 (cont.)

l POINT SOURCES NONPOINT

EPAF.plsade NPL Other Additional SMe Descriplion

Reg{ # Latitude Lengitude State  Weleshedy Lecath NSQ B [PPC PPNC WP Rimy Site Ind POTW | Urbem Agri (Facilities im the vicimity of the pling site)

V | 2618 |39:24:40N 084:33:14W [OH Hamilton Canal Hamilton X X X [ Canal off G. Miami R.; Appileton Paper; Aviation piant; steel;
hydro-power; Superfund site

V | 3132 {39:17:36N 082:55:48W |OH Scioto River Chillicothe X X X Mead Corporation on Paint Creck; Ind.: inorg. chem. & pest.; Superfued
site

V | 3135 {44:49:39N 091:30:38W | W] Chippewa River  Eau Claire X Pope and Talbot (deinking)

V {3136 {45:24:05N 091:13:18W | Wl Flambeau River E. Ladysmith X Pope and Talbot (deinking)

V [ 3137 |45:55:00N 090:26:4TW |WI Flambeau River Park Falls X X X | Flambcau Paper; Ag.: croplands and grazing ficlds

V [ 2429 [44:27:39N G88:03:30W [WI Fox River DePere Dam X X X X Fort Howard, James River, Green Bay Pkg., Nicolct Paper, Champion

V [ 3138 |44:16:10N 088:22:18W |W![ Fox River Appleton X X Kerwin Paper Company (deinking), Gladtfelder, W1 Tissue, Kimberly Clark

V | 3140 [44:13:24N 088:27:34W |WI Fox River Lk ButteD.Morts X Gladtfelder, Wl Tissue Mills, Kerwin Paper (historical PCB contamination)

V | 3143 [44:00:43N O084:31:00W |WI Fox River Oshkosh X Ponderosa (deinking)

V | 3144 [43:32:17N 089:27:36W |WI Fox River, upper  Portage X X X | Hustorical PCB contamination

V {2422 ]46:36:2IN 090:52:30W |WI1 Lake Superior Ashland X Iames River-Dixie Northern (deinking); rural

V {3134 {44:01:58N 088:08:45W |WI Manitowoc River Chilton X X X | incinerator; H20 softencr plant; Ag.: croplands

V | 3141 143:03:26N 087:53:54W | Wl Milwaukee River  Milwaukee X X X ind.: metals (historical PCB contamination); 300-400 lndustrial dischasges

V | 2427 [45:03:16N 087:44:50W | WI Peshtigo R. Harbor Peshtigo X X Badger Paper Mills, (indirect)

V | 3142 |43:43:5IN 087:47.04W |WI Sheboygan River  Kohler X X Superfund site (historical PCB contaminalion)

V | 3110 |44:58:00N 092:46:00W |WI St Croix River Hudsoo Andcrson Windows; wood treatment plant

V | 2397 |45:37:27TN 089:25:14W | WI Wisc. R/Boom Lake Rhinclander X Upstream of paper mills

V | 2608 |44:16:00N 089:53:00W |WI Wisconsin River  U. Pentenwell F X X X X | Nekoosa, Fort Edwards, Consolidated Kraft; Vulcan mat. (rubber &
plastic); samc a5 3106

V | 3106 |44:16:00N 089:53:00W |WI Wisconsin River U, Penteawell Fl X X X X | Nekoosa, Fort Edwards, Consolidated Kraft; Vulcan mat. (rubber &
plastic); same as 2608

V | 3107 145:01:20N 089:39:09W | Wl Wiscoasin River  Brokaw X Wausau Paper (sulfitc mill)

V | 3108 |45:10:31N 089:40:00W |W) Wisconsin River  Merrill X Ward Paper (deinking)

V | 3109 [44:56:5TN 089:37:45W |W] Wisconsin River  Wausau X Wood treatment plant site is between paper mills.

V | 3145 [45:26:17TN 089:43:56W |WI Wisconsin River  Mohawskin X Rhinelander Paper Company

V | 3146 (44:52:57TN 089:38:17W | W1 Wisconsin River  Rothschild X X | Weyerhaeuser, half dozen smali mills; Ag.: croplands

VI | 2023 |35:20:56N 094:17:54W | AR Arkansas River Van Buren X X X

VI | 3060 {34:26:41N 092:06:38W (AR Arkansas River Little Rock X X X

Vi | 3062 {34:10:09N 091:43:56W [AR Arkansas River Pine Bluff X X X | International Paper Company; wooded arca; Ag.: croplands

VI | 3061 (33:10:18N 092:39:00W |AR Bayou DecLoutre  El Dorado X X X Lion Qil Company

VI | 3078 |34:50:39N 092:0720W | AR Bayou Meto Jacksonville X Superfund site (dioxins); rural; wooded arca

Vi | 3443 [34:09.00N 09):31.00W |AR Bayou Melo Reydell X X X | Downstream about 30 miles of the Jacksonville site (3078)

VI | 2115 [33:33:27N 091:14:15W |AR Mississippi River  Askansas City X X X | Potlatch Corporation; Ag.: croplands

VI | 2018 |35:59:43N 092:12:45W | AR N. Sylamore Creek Fifty Six X Same as W73

VI | 3073 [35:56:33IN (92:07:05W | AR N.Sylamore Creek Fifty Six X Same as 2018

Vi | 2016 |33:33:07N 094:02:28W (AR Red River Index X X X X | Nekoosa Edwards Paper Compasy

V1 | 3452 |33:34.15N 094:06:00W | AR Red River Index X X X | Nckoosa Paper; lime and gravel mines; Ag.: crop and grazing lands

VI [ 3077 {33:57:1TN 094:21:49W | AR Rolling Fork River De Queen X | Wood treatment plant on Beas Creek

VI | 2017 [33:14:32N (93:59:58W [AR Sulphur River Texarkana X X Intesnational Paper Company in Texas

VI | 388 |30:53:00N (93:25:00W |l.A Anacoco Bayou Deridder X X | Buise Southern Co. (Boise Cascade); rural; Ag.: cropland

VI | Y83 |32:40:00N 091:43:00W |LA Bayou Bonne Idee  Oak Ridge X | HCB use in agricullure
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POINT SOURCES NONPOINT
P Piptecde T TTTTUNRL Oweer T Additional Bite Drscription
Reg| ¢ |Lotwede  Lomghtode Waterbedy Lacatt NSQ B |PPC_ PPNC WP Rimy  She Iud  POTW |Urben Agri]  (Feciiities bn the vicinity of the sompling vt
Vi | 3086 |30:1200N 093:17:00W Bayou D'lnde Sulfur X X | Citgo Petrolewm Corporation; Ind.: chem.
Vi | 3442 130:02:36N 090:22:27TW Bayou Labarche Norco X X Shell and Norco Refinerics; Shell chemical plant
VI | 3353 |32:31:00N 091:54:00W Bayow LaFourche  Basirop X X X | Intcrnational Papcr Company; rural
Vi | 3063 (30:06:00N 093:20:00W Calcasicu River Moss Lake X X X X Comoco, Inc.; Ind.: chem.
Vi | 3092 |32:05:00N 092:47:00W Dugdemoaa River  Hodge X X
Vi | 3352 [32:33:00N 091:51:00W Lake {rwia Start X | Above Bayou LaFourche. This dammed water (ceds Wham Brake.
Vi | 3064 |30:02:00N 090:02:00W Lake Pontchartrian New Orleans X X X
V1 | 3082 |12:48:00N 091:1100W Lake Providence X | HCB wsc in agriculture
Vi | 2532 [30:45:30N 091:23:45W Mississippi River,  St. Francisville X Crown Zclicrbach
VI | 3065 |30:2700N 091:13:00W Mississippi River  Batoa Rouge X X X X Georgia Pacific Corporation, Crown Zelicrbach; two refineries
VI | 3066 |30-06:00N 091:01:00W Mississippi River  Union X X | 1sd: muliple sources; Ag.: cropland aad grazing

X Georgia Pacific and James Madison Paper; rural; wooded area
Ouachita River Sterlington X Georgia Pacific and International Paper; rural; wooded arca
Ouachita River Moaroc X X X X | Georgia Pacific in Arkansas; Ag.: crop and grazing lands
Tangipakoc River  Robent X X
Wham Brake Swartz X

Wham Brake Swartz X

Vi | 3418 [30:39:00N 091:17:00W Mississippi River  Zachary
V1 | 3416 |33:00:00N 092:04:00W
V1 | 3080 |32:27:00N 092:07:00W
Vi | 2544 | 30:30:23N  090:21:42W
Vi | 3087 |32:35:00N 091:56:00W

VI | 3425 |32:33:00N 091:55:00W

Same a3 M25; Inicrantional Paper Co. (dischatges to B. LaFourche)
Same as 3087; {ntcrnstional Paper Co. {discharges to B. LaFourche)

SESSSECSESECSRCERTTE

Vi [ 3074 |35:46:38N  105:39:27TW Rio Mora Terreto X

VI | 3105 |35:03:42N 098:31:35W Fort Cobb Reservoir Fort Cobb X | Ag.: croplands; golf course near the sitc

VI | 3090 |36:04:00N 095:16:00W |OK Fort Gibsom Res.  Pyver Creek X Robell Tusue Mills

VI [ 0P [36:52:00N 096:56:00W |OK Kaw Rescrvoir X Vulcan Plam in Wichila, Kansas (chemical processing plant)

V1 | 2027 |34:38:18N 094:36:45W |OK Kiamichi River Big Cedar X X | Heavily wooded ares; Ag.: cattle

vl { 3076 [33:57:00N 094:35:00W [OK Little River Goodwater X Wood ircatment: Thompson Lumber, Holfman Preserver, Nixoo Bros.
Preserver:

VI | 3091 [33.56:00N 095:07:00W |OK Red River X Weyerhacuser Company

VI | 2026 |34:14:03N 096:58:32W |OK Washita River Durwood X X X Kerr McGee Refining Corporation, Total Petsolcum, lac.

Vi [ 3089 |35:41:00N 095:1400W {OK Webbers Falh Muskogee X X Fort Howard Papcr Company

VI | 3084 |26:11:42N 097:36:06W |TX Arroyo Colorado  Harlingen X | HCBwse

VI | 3085 |28:58:59N 095:23:41W |TX Brazos River Freepoet X Al Dow Chemical outfall

Vi | 3068 {29:40:43N 094:58:50W |TX Houston Ship Chal Morgan Point X X X X X Champion Intcroational and Simpeon Paper; four refineries; Ag.; croplasds

Vi | 3069 [27:51:30N 097:30:20W | TX Inncr Harbor Corpus Christi X X X X Four refinerics

VI | 3081 |31:25:58N 094:33:56W |[TX Lahe Sam Raybura Lufkin X X Champion Inleraational Corporation on the Angelina River

VI | 2280 |28:57:35N 096:41:13W |TX Lavaca River Edna X X

Vi | 3075 {28:09:00N 096:52:00W |TX Mesquite Bay X

VI | 3093 31.08:00N 094:4839W |TX Neches River Dibott X X Temple-Eastex, lac. in Diboll aad Bordea Chemical (resia)

VI { 3070 [29:5930N 093:5400W |TX Neches River (tidal) Post Arthur X X X Temple-Esatex, lnc. in Silsbee, TX; two refinctics; Ind.: chem. & pest.

V1 | 3072 |31:05:00N 105:36:00W |TX Rio Graade River El Paso X X X Chevroa USA, Inc., El Paso Refining Company

V1| 3071  2:14:15N 098:21:43W |TX Sam Astonio River Elmendor{ X X X X X | Howell Hydrocarboas

vi | 2289 |30:35:25N 098:02:12W |TX So. Fork RockyCr. Briggs X Background site

VL] 3035 | 42:03:54N 091:47:48W (LA  Cedar River Palo X X X | About 50 miles dowastrcam of Waterioo

VI1} 3037 |41:40:5TN 093:40:08W |IA  Des Moines River  Des Moines X Upstream about 10 miles from a POTW

VIl 3038 | 4):33:02N 093:31:29W }JA  Des Moines River  Des Moines X X X Below POTW (pretresiment plant)

VIl 3034 |451:34:53N 090:23:23W {IA  Mississippi River  Le Claie X X X | Upstream of lock and Jam st Davenpost (above dam)
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POINT 5OURCKS NONPOINT

EPAEphede NPL Other Additienal Sites Description

Reg| #  |lotitwde Longiud Stake  Waterbedy Lacath NSQ PPC_ PPNC WP Rimy  Ske  lud  POTW | Urbam  Agri|  (Fecilitios i the viciaity of ibe susnpling slie)

Vil 2191 {41:15:32N 095:55:20W |IA  Missouri River Couacil Bluffs | X X X X lad.: chem. and pest.; metals; bydro-power, same as 3042-opposite sides of
river

VII [ 2190 [40:36:07N 095:38:44W [IA  Nishaabotna River Hamburg X X X | Same as 3036

VII | 3036 |40:36:07N 095:38:44W |IA  Nishnabotna River Hamburg X X X | Same as 2190

VII| 2194 [37:32:34N 097:16:29W |KS Arkansas River Derby X X X Same as 3039. Below Wichita

VII | 3039 [37:32:35N 097:16:29W |KS  Arkansas River Derby X X X Same as 2194. Below Wichita

VH | 2201 |36:02.30N 090:07:30W |MO  Little River Ditch 81 Hosnersville X X X | Same as 3040. Rice growing region

VH | 3040 |36:02:30N 090:07:30W {MO Little River Ditch 81 Hormeraville X X X | Same as 2201. Rice growing region; heavy pesticide use

VIl | 3047 {39:42:36N 091:21:06W MO Mississippi River  Hanaibal X X X X | Fish collected ncar downtown arca.

VIl | 3048 [38:52:33N 090:10:26W |MO Mississippi River  West Atlon X X X Ind.: chem. ; heavy metals; heavy shipping traffic

VIl | 3049 |37:17:46N 089:30:56W |MO Mississippi River  Cape Giradeau X X X X | Collected at POTW outlall. Proctor & Gamble paper products, Ag
croplands

Vil | 3045 |39:07:52N 094:27:58W [MQ Missouri River Kansas City X X

VII 2199 130:11:14N 093:S1:45W 1 MO Missouri River Lexinston X X X X | Same as 3046

VIL | 3044 |39:44:32N 094:51:36W |MO Missouri River St Joseph X

VIL| 3046 (39:11:14N 093:53:45W |MO Missouri River Lexington X X X X | Samec as 2199

VIL [ 3050 |37:59:15N 093:48:45W |MO Osage River Roscoc X X | Ag.: croplands

VIl | 3042 (41:15:32N 095:55:20W |NE Missouri River Omasha X X X X Ind.: chem. and pest.; metals; hydro power; same as 2191 - opposite sides
of river

VIL | 3043 |41:08:18N 095:52:40W {NE Missouri River Bellevuc X X

VII | 3041 |41:45:42N 103:25:02W (NE North Platte River  Mcgrew X X X

VI | 2205 |40:59:48N 096:01:18W [NE Platte River Louisville X X X

VII[ 3197 |38:33:00N 106:01:00W |CO Arkansas River Salida Defunct wood tceatment plaot

VIII| 3198 |39:48:10N 104:57:30W (CO South Plattc River Deaver X X X

VIIl| 3200 |40:10:30N 104:59:00W |CO St Vrian River Loagmont

VIII| 3236 [46:10.00N 112:46:26W |MT Clark Pock River  Warm Springs X

VINI| 3237 |47:01:05N 114:21:20W |MT Clark Fock River  Husoa X Stone Coatainer Corporation

VIll} 3235 {45:45:35N 111:0504W |MT East Gallatin River Bozeman X

VIlI| 3234 |47:56:14N 114:11:04W {MT Goosc Bay Lakeside X

VI 2122 145:47:48N 108:28:12W |MT Yellowstonc River  Billings X X

VI 2105 |47:35:25N 103:1505W |ND  Littic Missouri R.  Watford City | X

ViII| 2100 |49:00:00N 097:13:45W |ND Red River Pembina X X X | Sugar beet processing plant; croplunds; Samc as 3111

VI 3111 [49:00:00N 097:13:45W |ND Red River Pembiaa X X X | Sugar beet processing plant; croplands; Same as 2100

VI 2109 |42:49:42N 096:33:45W |SD Big Sioux River Akron X X X X | Same as 3199

VIl 3199 |42:49:45N 096:33:15W |SD  Big Sioux River Akron X X X X X i Same 852109

VIII{ 2110 | 44:00:49N 103:49:48W (SD Castie Croek Hill Cay

VHI| 3195 |40:45:10N 111:55:15W |UT Jordas River Salt Lake City X X X X | Ind: pesticides; Superfund site (chlorobeazenes)

VIIE 3196 |41:20:40N 105:35:45W | WY Laramic River Laramie Railroad tic trealing plant (defunct)

VIII| 2098 |42:34:2IN 106:4131W | WY North Platte River  Akcova X

1IX | 3266 133:.05:00N 113:0200W |AZ Gila River Gila Bend X X X X | Cotlon growing region (Near Phoenix)

IX | 3282 |33:12.00N 115:37:00W |CA Alamo River Calipatria X | HCB use in agriculture

IX | 3288 |36:41:.00N 121:44:00W |CA Blanco Drain Salinas X X | Multiple sources

IX |3285 |33:46:00N 118:08:00W jCA Colorado Lagoos Long Beach X X Muliiple sources
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TABLE B-3 (cont.)

1 PFOINT SOURCES NONPOINT
EPAF phaode T TN omee | T Addvionat Site Descripiion
Reg| #  [lothude  Lomgitwde Blate Waterbedy Lecati NSQ B (PPC_ PPNC WP Rty Sie  Ind PUTW |Urbs  Agri|  (Facilities i M vicinity of the sompling aits)
1X [ 3273 {41:45:00N 124:11:00W |CA Elk Creck Crescent Cily X McNamara & Peepe (historical PCP site)
IX [ 3286 |334T:ASN (I8:1T:33W |CA Harbor Park Lake  Harbor City Mukiple sources
IX {3271 [40:34:00N 123:11:00W |CA Hayfork Creck Haylork Sicera Pacific (historical PCP site)
IX | 3272 |37:55:00N 122:21.:00W |CA Lauritzeo Cansl  Richmond United Heckathora: pesticide packaging plast in 60°s (PCB's, DDT, Pb)
I1X ] 3275 [40:54:00N 124:00:00W |CA Mad River Arcata X Mollala-Arcata
IX | 3276 ] 40:52:00N 124:00:00W |CA Mad River Slough  Ascata X Sierra Pacilfic
IX | 3289 |36:48:00N 121:4600W [CA Moss Landing Dm. Moss Landing X Mukiple sources
IX | 3451 |34:01:45N 118:40:45W |CA Mouth of Malibu Cr. Malibu POTW: Tapia Creck; grazing land (borscs)
IX [ 3354 {37:57:00N 121:18:00W [CA Necw Mormon Sigh Stockton X McCormick and Baxter (wood preservers); Supesfund site (solvents)
IX [ 3283 [33.06:00N 115:40:00W |CA New River Westmoreland X Mubltiple sources (HCB use)
1X | 3355 [37:56:00N 121:19:00W |CA Ol Mormoa Slough Stockion X McCormick & Baxter (wood preservers); Ag.: croplands & orch,;
Supcrfund sitc (solvents)
IX 3290 §37:57:00N 121:20:00W |CA Port of Stockton Stockton McCormick & Baser (wood preservers); Superfund site (solvents)
1X | 3274 | 41:55:00N 124:0700W |CA Rowdy Creck Smith River Arcata Lumber Company (historical PCP sitc)
1X | 3357 {18:05:00N 121:44:00W |CA Sacramento Dcha  Antioch Gaylord Comtaincs Corp.; Ind.: chem.; refincry; power plant; Ag.:
orchards and croplands
IX | 3267 | 40:27:00N 122:11:00W |CA Sacramento River Anderson Simpsom Papcr Company; wooded arca
[X | 3270 |40:09:00N 122:11:00W (CA Sacramento River Red Bluff Diamond International (recycicd paper); Ag.: croplands and graziag
IX | 3287 |33:46:00N 118:06:00W |CA San Gabrici River Long Beach Simpson Paper Company, Pacific Coast Paper
IX [ 2748 [34:24:00N 119:30:00W [CA Santa Clara River  Santa Paula Same as 3281
IX [ 3281 |34:20:00N 119:04:00W [CA Santa Clara River  Santa Paula Same as 2748
IX | 3264 |33:54:27TN 118:31:28W [CA  Santa Monica Bay Los Angeles El Segundo Refiscry; Hyperioa POTW outfall; mukiple sources
I1X | 3450 |33:55:00N 118:28:00W |[CA Short Bank (Pac. O.) Los Angeles POTW: Hyperion ostlall
IX | 3269 |37:43:00N 121:09:00W |CA Stanislaus River Ripon Mulkipic sources
1X | 3278 139:24:00N 123:06:00W (CA Upper Ecl River  Potier Valley Lowisiana Pacific (historical PCP site)
IX | 2037 |19:46:15N 155:05:33W |(HI  Honolii Stream Hilo Ag.: sugar cane growing (pesticides)
IX | 3261 {21:18:00N {57:59:00W |HI Pearl Harbor Middle Lock Combustion sources; Supcrfund site (solvents)
1X 13262 {22:04:30N 159:220W |HI  Wailua Pacickaa St. Kauai Agent Orange test site (not a designated superfund site)
1X ] 2776 |35:40:00N 114:40:00W [NV Colorado River Biw Hoover X
X [ 3238 |60:58:30N 149:27:35W |AK Bird Creek Bird
X 13241 161:13:20N 149:51:21W |AK Ship Creek Anchorage Salvage yard with runolf of PCB; Superfund site; landfill
X |3246 |57:03:00N 133:14:00W |AK Silver Bay Sitka Alaska Pulp Company
X [ 2070 |61:32:42N 151:30:45W |AK Susitna River Susitna
X | 3244 [58:41:00N 134:03:00W [AK Vanderbilt Creck  Juncau
X [ 3245 |55:23:45N 131:44:20W [{AK Ward Cove Ketchikan Lowisiana Pacific Corp. (sulfite milt); Ketchikan Pulp sad Paper
X |3252 |43:48:29N 117:00:15W (ID  Boisc River Parma X X
X | 3250 |47:38:05N 116:43:15W |ID  Coeur d'Alene Lake Coeur d’'Alesc X X | Ind.: silver mining
X | 3249 |47:33:07N 116:22:06W [ID  Cocur d'Alene River Cocur d'Alene X X | Mining
X | 31s8 ! 42:37:25N 114:31:58W [ID  Rock Creek Twin Falls X
X | 2478 [43.00:08N 115:12:06W |ID  Snake River Kings Hill X
X | 3256 {46:25:15N 117:02:04W }ID  Snake River Lewiston X | Pouatch Corporstion
X | 3248 147:19:08N 116:33:35W 11D St Joc River St. Marie
X | 3203 145:37:19N 122:45:20W |OR  Columbia River Portland
R
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TABLE B-3 (Cont.)

F.PAlil-‘.ph-dc |

s .

State

Reg;, # | Lathtude

X r_mo |45:51:5IN
X | 3218 |46:09:2IN
X | 3219 [45:39: 10N

4

3201 |45:36:06N
1208
1212
1205
RYAR]
3206
1217
3213
34317
1226

44:03: 30N
43:46:59N
45:26:33N
45:23:40N
45:34:53N
144:23:16N
45:17: 17N
45:17:38N
47:23:30N

L i A R P S ]

1438 l4(1:15:36N
1220 [46:07:SON

o e

31221
nn
3439
3440
3441
363

46:06.00N
45:34:08N
46:15:06N
46:00:33N
45:58:05N
47:16:12N

E A N e

51
1192
1162
227
1295
1264
2247
;2246
3223

46:58:00N
146:57:13N
47:17:05N
47:14:20N
48:08:00N
48:06:30N
47:12:52N
47:49:52N

48:01:52N

PR P e S

3224
1231
3230

48:45:01N
46:22:42N
47:11:10N

oo

122:47:39W
123.24:00W
120.56:00W

122:4%:57W

116.57.00W
17:03:09%
123:14:.07W
122:45:30W
122:44:39W
123 14:03W
122:58:03W
122:46:08W
122:37:18W

123:575TW
122:59:27W

118:55.00W
122:24:42W
123:33.32W
122:51.04W
122:49.19W
122:25:50W

123:53.00W
123:51:15W
122:24:28W
123:02:40W
123:24:45W
122:45:30W
122:20:25W
122:02:50W
122:13:00W

122:29:02wW
119:25:29W
120:02:30W

OR
OR
OR

OR

OR
OR
OR
OR
OR
OR
OR
OR
WA

WA
‘WA

WA
WA
WA
lwa
WA
WA

WA
WA
WA
| WA
"waA
WA
WA
WA
WA

'WA
I WA
'waA

Waterbody

Calumbia River
Columbia River
Columba River

Columbia Slough

Matheur River
Owyhee River
Tualatin River
Tualatin River
Willamette River
Willamette River
Willamette River
Willamette River
Burlcy Lagoon

Columbia R. (Jower)
Columbia Raver

Columbia River
Columbia River
Coluinbia River
Columbia River
Columbia River
Commencement Bay

Grays Harbor

Grays Harbor
Hylebos Waterway
(Oakland Bay

Port Angeles Harbor
Port Townsenxd
Puyallup River
Snohomish
Steamboat Slough

Whatcom Waierway
Yakima River
Y akima River

_Location

!

St. Helens
Wauna .
Dalles ’

Portland

Oniario \
Owyhee |
Cherry Grove
Cook Park l
Portland |
Hallsey
Newburgh Pool
Wilsonville
Purdy

Estuary ‘
Longview \

Tri Citics
Camas

Woody Island |
Kalama |
Deer Island
Tacoma i

Hoquiam i
Cosmopolis i
Tacoma
Shelton

Pont Angeles
Pont Townsend
Puyallup
Monroe X
Everett i

._INsQ B |

Bellingham |
Richland
Cle Elum i X

PP

P

Additional Site Description
(¥acillitien in the vicin iy of he sampling site)

X | Boise Cascade (indirect)

James River Corporation in Clatskanie

Hydro-power (PCB's generated); food processing plant; Ag.: orch. &
croplands

Five paper mills using C1 bleach, t(wo paper milis not using Cl1 bleach;
shipyard

Minor industries; Ag.: croplands

Ind.. chem.; smelters; shipyards; timber

Hallsey Pulp Company (Pope and Talhot); Ag.: croplands
Deinking plant; other pulp mills upstrcam: Ag.: croplands

Below transformer and scrap metal saivage yard: below Superfund site
(PCB)

Weyerhacuser and Longview Fiber Company; Ag.: croplands & grazing

Boise Cascade: Ag.: croplands & grazing fields

Crown Zelterbach (James River Corporation)

Boise Cascade and Weyerhauceser, Longview Fiber downstrcam
Boisc Cascade and Weyerhauveser. Longview Fiber downstream
Boisc Cascade and Weyerhaueser, Longview Fiber downstream
Simpson Tacoma Kraft, US 0il and Refining: heavily industrialized:
Superfund site (Commencement Bay)

ITT Rayonier, Inc. (sulfite mill, nonchlorine)

Weyerhacuser Company (sulfite mill, chlorine)

Champion Paper Company; heavily industnalized: Superfund site
Simpson Pulp Mill (wood overlay products)

ITT Rayonicer, Inc.

Simpson Paper Company (downstream)

Light agriculture; timher

Wey . aacuser Company and Scott Paper Company; Superdfund site
(s0lvents)

Georgia Pacific (sulfite process)

POINT SOURCES NONPOINT!
N ST NP, Other T
PPN&_\!P_’_W _Slte_ Ind POTW IJrhallm Agrl
X X X
X
X X X
X X
X
X
X X X
X X X X
X
X X
|
X
: |
X '
fields
y
X P '
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'
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APPENDIX B-4

Dioxins/Furans: Episode Numbers Used in Statistical Tests
(By Category)



TABLE B-4
Dioxins/Furans: Episode Numbers Used in Statistical Tests (By Category)

NASQAN (NSQ) ' 3042 NE 3261 HI
Episode State 3050 MO : 3272 CA
2015 AR 3104 PA ‘ 3414 PA
2016 AR 3199 SD i 3415 PA
2017 AR 3281 CA 1 Total 7
5 3308 NY
58;2 éﬁ Total 40  POTW
: i Episode t
gggg Awli AGRICULTURE (AG) | i i‘;re
2105 ND Episode State 2152 FL
2122 MT ' 2280 TX - 2322 NY
2126 MS 2358 ME 2432 MI
2148 FL ' 2478 ID ; 2544 LA
2151 FL ‘ 3050 MO 3308 NY
2152 FL . 3082 LA 3450 CA
2191 1A i 3083 LA 3451 CA
2205 NE 3084 TX Total 8
5 . 3099+ DE |
_’;j;g zi | 3105 OK | BACKGROUND (B)
2246 WA 3158* 1D Episode State
2247 WA 3170 AL 2027 OK
2280 X | 3171 AL 2037 HI
2298 ™ 3180 GA 2110 SD
2309 AL | 3193 VA 2139 NC
2322 NY | 3208 OR | 2216 PA
2358 ME | 3212 OR 2283 TX
2430 MI ‘ 3282 CA 2301 TN
2431 MI 3352 LA 2379 IL
2432 MI 3437 OR ; 2387 MN
2437 MN | Total 19 2397 WI
2435 MI
3232 IODH - SUPERFUND (NPL) | 2651 NJ
2544 LA | Episode State | 3001 MN
2776 NV ’ 3078 AR 3022 ME
3036 IA | 3097 DE 3023 ME
3041 NE } 3226 WA 3027 ME

l

No dala available for dioxins/furans. Number of data values varies by chemical.

——
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PULP & PAPER
(Chlorine) (PPC)

3028
3037
3073
3074
3075
3166
3169
3178
3179
3187
3200
3205
3238
3248
3309
3320
3430
Total

Episode
2015
2016
2017
2138
2142
2294
2302
2304
2355
2385
2422
2427
2532
2721
2725
3062

ME
[IA

NM

NC

GA
GA
SC

CcO
OR

ID
NY
NY
NJ
33

State

{

|

TABLE B4 (Cont.)

3080
3081
3088
3107
3118
3122
3146
3150
3151
3152
3192
3217
3218
3220
3221
3222
3224
3237
3245
3246
3256
3260
3267
3303
3316
3317
3318
3328
3329
3331
3332
3333
3335
3336
3337
3339
3340

SEEEEIN-]s

ID
NY
CA
NY
PA
MD
PA
AL
FL
FL
FL
FL
GA
GA
GA
KY
MS

3341
3342
3343
3344
3345
3346
3347
3348
3349
3350
3351
3353
3395
3403
3404
3416
3418
3420
3421
3422
3423
3424
3425
3435
3452
Total

INDUSTRY/URBAN
(IND/URB)
Episode

1994
2023
2057
2060
2191
2210
2215
2220

State
MI
AR
IN
IN
IA
DC
PA
VA

B-4-2

No data available for dioxins/furans. Number of data values varies by chemical.



2220
2225
2227
2309
2328
2329
2410
2416
2500
3024
3025
3034
3035
3038
3039
3040
3042
3043
3044
3045
3046
3047
3048
3049
3060
3064
3066
3079
3085
3094
3100
3101
3103
3111
3113
3115
3120

MI

TABLE B-4 (Cont.)

3134
3141
3144
3147
3149
3164
3165
3168
3172
3174
3182
3188
3189
3190
3198
3199
3203
3206
3219
3227
3231
3234
3235
3236
3244
3249
3250
3252
3258
3269
3275
3276
3283
3285
3286
3289
3296

WI
WI
WI
DC
DE
NC
NC
AL
AL
FL
KY

3297
3298
3299
3300
3301
3302
3306
3307
3310
3311
3313
3314
3315
3321
3322
3324
3326
3327
3411
3412
3426
3428
3432
3438
3443*
Total

PULP & PAPER

NY
NY
NY

NY
NY
NY
NY
PA
\'A%
\'A%
wv
PA
NY
NY
NY
NY
NY
NY
NY
NJ
NJ
PR
WA
AR
106

(No Chlorine) (PPNC)

Episode
3089
3090
3091
3092
3093
3108
3112
3114

State
OK
OK
OK
LA
X
Wil
MN
IL

* No data available for dioxins/furans. Number of data values varies by chemical.

e —
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3135 WI
3136 Wi
3137 W1
3138 WI
3140 WI
3143 W1
3145 W1
3184 MS
3191 WA
3270 CA
3287 CA
3294 WA
3330 FL
3360 AL
3375 GA
3376 GA
3377 GA
3378 GA
3401 TN
Total 27
WOOD PRESERVERS
(WP)

Episode State
3076 OK
3077 AR
3110 WI
3167 NC
3173 FL
3196 WY
3197 CO
3271 CA
3273 CA
3274 CA
3278 CA
Total 11

TABLE B4 (Cont.)

REFINERY/OTHER
INDUSTRY (R/T)
Episode State

2026 OK
2380 IL
2383 IL
3061 AR
3063 LA
3069 X
3071 X
3072 X
3086 LA
3095 PA
3096 PA
3125 MN
3183 KY
3264 CA
3312 wv
3431 PR
3434 NJ
3442 LA
3444 TN
3446 KY
Total 20

-
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No data available for dioxins/furans. Number of data values varies by chemical.




APPENDIX B-5

Xenobiotics: Episode Numbers Used in Statistical Tests
(By Category)



TABLE B-5
Other Xenobiotics: Episode Numbers Used in Statistical Tests (By Category)

NASQAN (NSQ) | 3041 NE 3261 HI
Episode State 3042 NE 3272 CA
2015 AR 3050 MO 3414 PA
2016 AR 3104 PA 3415 PA
2017 AR 3199 SD Total 6
2 3281 CA
5322 3?; 3308 NY POTW
2070 AK Total 40 Episode State
2122 MT
2(1)(9)2 :ng AGRICULTURE (AG) ' 2152 FL
2122 MT Episode State 2322 NY
2126 MS 2280 TX 2432 MI
2148 FL 2358* ME . 2544 LA
2151 FL 2478 ID = 3308 NY
2152 FL 3050 MO 3450* CA
2191 IA 3082 LA 3451 CA
2205 NE 3083 LA Total 8
3084 TX
g;ig :,/"2 3099 DE BACKGROUND (B)
2246 WA 3105 OK Episode State
2247 WA 3158 1D 2110 SD
2280 TX 3170 AL 2139 NC
2298 TN 3171 AL 2216 PA
2309 AL 3180 GA 2283 X
2322 NY 3193 VA 2397 W1
2358* ME 3208 OR 2435 MI
2430 M1 3212 OR 2651 NJ
2431 MI 3282 CA 3022 ME
2432 MI 3352 LA 3023 ME
2437 MN 3437* OR 3028 ME
2439 OH Total 19 3037 1A
3073 AR
§§Z§ i_DA SUPERFUND (NPL) 3074 NM
2776 NV Episode State 3075** TX
3036 IA 3097 DE 3166 NC
3226 WA 3169 AL

No data available for other xenobiotics. Number of data values varies by chemical.
Data available for mercury only.
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TABLE B-5 (Cont.)

3178 GA 3340 MS 3258 VA
3200 CcO 3341 MS 3269+ CA
3205 OR 3342 NC 3275%" CA
3238 AK 3348 SC 3276 CA
3248 ID | 3395 NC 3283 CA
Total 21 3403 ™ | 3285 CA
PULP & PAPER 3416* LA 3286 CA
(Chiorine) (PPO) W0 pa e Ny
Episode State 3421 VA 3298 NY
2017 AR 3422 VA 3306 NY
2138** NC 3423 VA . 3307 NY
2294 GA 3424 VA | 3315 PA
2302 AL 3425 LA 3411 NY
2422 wL 3435 MS 3412 NY
2532 LA Total 42 ! 3426 NJ
2721 ME : 3428 NJ
2725 ME  INDUSTRY/URBAN .
3107 wi | (ND/URE) | Total %
3118 MI : Episode State
3122 MI 3043 NE . PULP&PAPER
3151 MA : 3044 MO (No Chlorine) (PPNC)
3152 NH | 3045 MO | Episode State
3192 WA 3079 OK 3090 OK
3222 WA 3085 TX 3091 OK
3224 WA 3101 PA 3108 W1
3237 MT | 3120 ML | 3112 MN
3245 AK ! 3149 DE 3135 WI
3246 AK ; 3172 AL 3136 WI
3260 NY | 3174 FL 3140 Wi
3267 CA 3189 TN 3143 Wi
3303 NY 3190 TN 3145 "
3316 PA | 3203 OR 3191 WA
3318 PA 3234 MT 3287 CA
3332 FL | 3235 MT 3294 WA
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.

———————————————————————————
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3360 AL
3376 GA
3377 GA
3401 TN
Total 17
WOOD PRESERVERS
(WP)
Episode State
3076 OK
3077 AR
3110 WI
3167 NC
3173 FL
3196 WY
3197** CcO
3271 CA
3273 CA
3274 CA
3278 CA
Total 11
REFINERY/OTHER
INDUSTRY (R/T)
Episode State
3061 AR
3063 LA
3072 TX
3095 PA
3446 KY
Total 3

|
i
|
|
J
|

TABLE B-5 (Cont.)

No data available for other xenobiotics. Number of data values varies by chemical.
Data available for mercury only.
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