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Abstract

In 1993 and 1994, fish tissue sampleswere collected from first, second and third order streams
in the Mid-Atlantic Region of the United States. The tissue samples were prepared from
wholefish from prioritized lists of Small Target Speciesand Large Target Species. Thetwo
types of samples were analyzed for 56 contaminants, of which 22 had median values that
were above the detection limits for at least one category of fish. For this report, the data
analyseswere conducted in order to determine 1) exposure to contaminants, 2) the magnitude
of exposure, and 3) the location of the siteswhich exceeded toxicological benchmark values.
All sites from which samples were taken showed exposure to at least one contaminant. In
order to determinethe magnitude of thisexposure, no observed adverse effectslevel (NOAEL)
benchmark values for 16 of the analytes were used. These NOAEL benchmark values are
estimates of the greatest concentration of contaminantsat which it isunlikely that the belted
kingfisher (Megaceryle alcyon) would suffer adverse effects from consumption. These
NOAEL benchmark valueswere then compared to the concentration of contaminantsfound
in Small Target Speciestissue sampled at each site. Mapswere generated which showed the
locations of the sites that exceeded the NOAEL benchmark values. Seventy sites (100%)
exceeded at least one NOAEL benchmark value and twenty two sites (31.4%) exceeded four
or more NOAEL benchmark values. The number of sitesexceeding multiple NOAEL bench-
mark values suggests acomprehensive study of fish tissue contaminantsiswarranted for the
region.
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Introduction

Thisreport usescontaminant levelsinfish
tissue samplesasindicatorsof pollutant expo-
sureto thefish themselves and the predators
that might eat them. In 1993 and 1994, fishtis-
sue sampleswere collected fromfirst, second
andthird order streamsintheMid-AtlanticRe-
gion of the United States. These fish tissue
sampleswere anayzed for the concentration of
sel ected meta sand organic compoundsinclud-
ing mercury, lead, and organochlorides (i.e.,
PCBsand DDT). Thedataprovide an oppor-
tunity to screenfor levelsof contaminantsthat
may cause adverseeffectstofishand wildlife.
Theobjectivesof thisreport areto determine
1) exposureto contaminants, 2) themagnitude
of exposure, and 3) the location of the sites
which exceeded toxicological benchmark val-
ues.

Background

Theanalysisof fishtissue samplesmea
suresthe bioaccumulation of toxic chemicals.
Bioaccumulation occurswhen organismsincor-
porate and retain chemical sfrom the surround-
ing environment. In aguatic ecosystems, these
chemicalsare associated with water, sediments,
suspended solidsand prey organisms. If thein-
corporation of the chemical outpacesthe me-
tabolism or excretion of the chemicd, thenbio-
accumulation occurs. The result is that the

concentration of thechemical insidetheorgan-
ismisgrester thanitisintheenvironment. There-
fore, tissueanalysiscanreveal the presence of
contaminantsthat may not be detected other-
wisethat is, they have such low concentrations
intheenvironment that they cannot be observed
through chemica anaysisof thewater column
or sediments (USEPA 1992). When used in
combination with other diagnostic indicators
(e.g., physca habitat and water chemistry) and
response indicators (e.g., fish, benthic
macroinvertebrate and a gae assembl ages), fish
tissueanaysiscan bean effectivetool in deter-
mining theoverall condition of an aquatic eco-
system (USEPA 1995).

Fishtissue studies havetraditionally fo-
cused on the bioaccumul ation of contaminants
inlarge gamefish becausethesefisharemore
likely to pose health risksto humans (USEPA
1995, 1997). Fishtissuestudieshaveasofo-
cused on the bioaccumul ation of toxic chemi-
casinthefilletsand liversof fishaswell asin
thewholefish (USEPA 1995). Thisstudy ana-
lyzed wholefish of bothlargeand small species
and both game and non-game species. While
an analysis of the bioaccumulation of toxic
chemicasinthefilletsof large gamefish may
give abetter indication of therisksto humans
from consuming these organisms, wholefish
anaysisthat alsoincludessmall non-gamefish
will giveabetter indication of therisksto all



potential predators, both humansand non-hu-
mans.

Fromeach stethat wasvistedinthisstudy,
attemptswere madeto collect two categories
of fish tissue samples. One of these categories
(Small Target Species, Table 1) included fish
taxaof which theadultsaresmall and the other
category (Large Target Species, Table 2) in-
cluded fish taxaof which theadultsarelarge.
Theuseof smdler fishisadvantageousbecause
1) the common species are more likely to be
widely distributed among first to third order
streams, 2) their large numbers may make it
possibleto obtain amorerepresentative sample
of bioaccumulation, 3) they aremorelikely to
be preyed upon by piscivorousfishandwildlife
and 4) they arelessexpensive and lesstime-
consumingto processinthefiedd andinthelabo-
ratory. Theuseof larger fishisadvantageous
becausethey arelonger lived and biocaccumu-
lation can occur over alonger time period.
Therefore, theremay beanincreased likelihood
of detecting the presence of contaminantsinthe
ecosysemwhenusing larger fishfor tissueanay-
gs. Althoughitisknownthat theratesof bioac-
cumulation vary between species(Rubinstein et
al. 1984; Williams and Eddy 1986; USEPA
1992, 1993a), therelationship between large
and small fishwith respect to bioaccumulation
of contaminantsisnot well understood. Theprin-
cipal factor in determining therate of bioaccu-
mulationislipid content (USEPA 19914, 1997),
thus, there may be no rel ationship between the
two fish categoriesin their rates of bioac-
cumulation. Therefore, it becomes neces-
sary to analyzethetissuefrom both fish cat-
egories and each category must be measured
separately (USEPA 1995). Inthisstudy, each
tissue sampl e represents acomposite of indi-
viduasof asingle speciesrather thanamixture
of speciesfound at asite.

Tablel. TheSmall Target Speciesfor the Mid-
Atlantic Tissue Analysisin Order of Priority

Priority Small Target Species

1 Blacknose dace (Rhinichthys atratulus)

2 Another Dace species (Rhinichthys
spp., Phoxinus spp., Clinostomus spp.)

3 Creek chub (Semotilus atromacul atus)
or Fallfish (S corporalis)

4 Slimy sculpin (Cottus cognatus) or
Mottled sculpin.(C bairdi)

5 Centra stoneroller (Campostoma
anomalum)

6 A Darter species(F. Percidae)

7 A Shiner species (F. Cyprinidae)

Table2.  Thelarge Target Speciesfor theMid-
Atlantic Tissue Analysisin Order of Priority
Priority Large Target Species
1 White sucker (Catostomus
ComImer soni)
2 Northern hogsucker (Hypentelium
nigricans)
3 A Bass species (F. Centrarchidae,
Micropterus spp.)
4 A Trout species (F. Salmonidae)
5 A Sunfish species (F. Centrarchidae,
Lepomis spp.)
6 Common carp (Cyprinus carpio)

Materials and Methods

Study Area and
Sampling Design

TheMid-Atlantic RegionisintheUnited
States Environmental Protection Agency's
(USEPA's) Region I11 which encompassesthe
states of Delaware, Maryland, Pennsylvania,
Virginiaand West Virginiaand the District of
Columbia. The mgority (63%) of the stream
kilometers (km) inthe study areaare made up
of first order streams. Second order streams
make up 15%, third order streams make up
11% and fourth order streams make up 11% of
the stream kminthestudy area (USEPA 1994).



The sampling locationswere selected using a
spatially-constrained, randomized design
(Overtonet a. 1991; Herlihy et al. in press).
Therandomization of thestesdlectionincreases
thelikelihood that thelevel of contamination
detected in the sampled sitesisrepresentative
of thecontaminationintheoveral population of
streams (USEPA 1997; Paulsen et al. 1991;
Olsenetd. 1999). Sitesdectionwaslimited to
includeonly wadeable (first, second and third
order) streams. USGS topographical maps
(1:100,000 scale) were used to establish the
random placement of pointswithin the popula-
tion of streams. These pointswere used asthe
middle of each respectivereach. USGS maps
of afiner resolution (1:24,000) were used by
thefield crewsin order to locatethe sitesto be
sampled. Thelatitude and longitude of theran-
dom pointswere confirmed by thefield crews
by globd pogitioning system (GPS) instruments.
Thelocations of samplesiteswherefishtissue
sampleswere collected areshownin Figure 1.

Collection of Samples

Fish tissue samples were collected asa
part of the USEPA's Environmental Monitor-
ing and Assessment Program (EMAP). Fish
were collected using pulsed DC backpack
electrofishing equipment supplemented by
seining. Theamount of samplingtimeand the
length of the sample reach used for the sam-
pling of streamswere based on the standard-
ized EMAP protocol (USEPA 1997). The
length of each reach was 40 times the mean
width of thewetted channel at the designated
point. The minimum length of any reach was
150 meters (m) and the maximum length was
500 m. Sampling was conducted for amini-
mum time of 45 minutesand amaximumtime
of three hours.

Before collection began, two categories of
target taxawere established based upon their
anticipated distributionintheregion. Thetwo

categoriesof target taxawere Smal Target Spe-
cies(Table 1) and Large Target Species(Table
2). Thecriteriafor establishing the Smd| Target
Specieslist werethat the adults of the species
besmall (< 100 mm), short-lived, widely dis-
tributed and abundant. The criteriafor estab-
lishing the Large Target Specieslist were that
the adults of the speciesbelarge (> 150mm),
that the specieshave anatural history of living
morethan threeyears, and that the speciesbe
likely to accumul ate contaminants under pro-
longed exposure. The taxaon each list were
ranked according to their priority for collection
(Tables1and 2). Theprioritization of thefish
was based on their antici pated common occur-
rence and abundance. An attempt was madeto
collect one samplefrom each list at each sam-
pling Ste. Each samplewasmadeup of multiple
individuasof thesamespecies.

Theoptimumweight for eachtissuesample
of Small Target Specieswas400 grams(g) and
the sample could weigh nolessthan50g. The
L arge Target Species sampleswere made up
of individualsfrom one category ontheLarge
Target Specieslist that wereat least 150 mmin
length. The optimum number of individualsto
make up asampleof Large Target Specieswas
fiveand theminimumnumber of individua sused
to make up asamplewasthree. Therewasno
weight requirement for the Large Target Spe-
ciestissuesamples.

Theprimary objective of thisfield effort
wasthe development of an Index of BioticIn-
tegrity (1BI) for theregion (Figure 2). Thesec-
ondary objective was the assessment of the
meagnitudeof contaminantsinfishtissuesamples
(Figure2). Therefore, the Small Target Species
samplecollected for tissueanalysisat eech Site
wasmeadeup of individua sfromthehighest rank-
ing category onthe Small Target Specieslist for
whichtherewereenoughindividuasto meetthe
50 g minimum requirement after theremoval of
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Figure 1. A map of the fish tissue sample sites in the Mid-Atlantic Region.
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Figure 2. Agraphical representation of the fish collection priorities used in the Mid-Atlantic fish tissue
sampling.



25 voucher specimensfor the IBI study. Be-
causetheindividua sfromtheLarge Target Spe-
cieslist that were removed as voucher speci-
menswerelessthan 150 mminlength and the
individualsontheLarge Target Specieslist that
were collected for tissue sampleswere more
than 150 mmin length, the vouchering aspect
probably had no impact on the collection of
these speciesfor tissueanalysis. Individuals
making up the sampleswere awaysfromthe
same species or group of speciesonthetarget
specieslists.

Thesamplesused for tissue analyses con-
sisted of fishwith similar lengths. Thegeneral
criterion used in order for fishto be considered
gmilarinlengthwasthat thelength of thesmdll-
estindividual inthe composite samplewasno
lessthan 75% of thelength of thelargest indi-
vidual inthe composite sample. If fewer than
the acceptable number of Large Target Species
of the acceptable size were collected, then
smaller individudswereadded tothesample. If
an acceptable number of Large Target Species
wasnot collected, then only Small Target Spe-
cieswerekept for tissueanaysis. Likewise, if
too few Small Target Specieswere collected,
then only Large Target Specieswere kept for
tissueanalysis. If neither the criteriafor Small
nor Large Target Specieswere met, then best
professional judgement was used in determin-
ing what type of fish tissue sample would be
submitted for analysisor if therewould beno
fishtissueanaysisfor that particular Ste.

Fishwerecollectedfor tissueanaysesfrom
27 April 1993to 8 July 1993 and from 18 April
1994 to 24 June 1994. There were 102 sites
selected for fish tissue sampling and fish tissue
samples were collected at 77 of these sites.
Therewere 70 Stesat which Small Target Spe-
ciesfishtissue sampleswerecollected, 47 Sites
at which Large Target Speciestissue samples

were collected. Of these, both Small and Large
Target Speciestissue sampleswere collected
at 40 sites(Figure l).

Small Target Species samples were
composited andwrappedinaduminumfoil inthe
field. Individuals making up the Large Target
Speciessampleswereindividually wrappedin
aluminumfoil. Sampleswerethen placedina
label ed plastic bag which wasplaced withina
second plastic bag. The samples were then
sealed with tapeand placedondry iceorina
portablefreezer wherethey werekept frozen
until they were shipped to thelaboratory via
overnight expressmail (USEPA 1994).

Laboratory Analysis

The tissue samples were analyzed by a
contractor, the Patuxent Anaytical Control Fa-
cility located in Patuxent, Maryland. Fish
sampleswere held at -20°C until analysis. In
thelaboratory, thealuminumfoil wasremoved
from thefish samplesand the outside of each
fishwasthoroughly washed with distilled water
and then weighed. Thefishinthe samplesthat
contained threeto fivelargefish (i.e., Large
Target Species) wereweighedindividudly while
thefishinthesamplesthat contained many small
fish(i.e., Smal Target Species) wereweighed
together. Thetotal weight and number of fishin
each composite sample was recorded. Each
composite sampleof Small and Large Target
Speciesfrom each Stewasanayzed separately.
Wholefishwereanayzedto determinetheover-
all ecologica condition of the streamsand the
consumptionriskstopiscivoruswildlife(USEPA
1994).

L aboratory analyses determined the con-
centrationsof asuite of elemental and organic
contaminants (Table 3). These anayteswere
takenfromthe EMAP Estuary Implementation



Table3.  List of Analytes from the Mid-Atlantic Fish Tissue Analysis Study. The Fish Categories for
which the Median Analyte Concentrations were above Detection Limits are Noted

Analyte CAS Number Category of fish for which the median
concentration of the respective analyte
was above the detection limit

* 309-00-2 None

#Aluminum 7429-90-5 All

*Arsenic 7440-38-2 None

*BHC- alpha 58-89-9 None

*BHC- beta 58-899 None

*BHC- delta 53-89-9 None

*BHC-gamma 58-899 None

*Cadmium 7440-43-9 White sucker

Chromium 7440-47-3 All

Copper 7440-50-8 All

24-DDD 53-19-0 All

44-DDD 72-54-8 All

*24-DDE 3424-82-6 None

44-DDE 72-55-9 All

*2,4-DDT 789-02-6 Small Target Species, Blacknose dace,

White sucker

*4,4-DDT 50-29-3 Large Target Species, White sucker

Dieldrin 60-57-1 All

* Endosulfan-| 959-93-8 None

* Endosulfan-I1 33213-65-9 None

*Endrin 72-20-8 None

*Heptachlor 76-44-8 None

*These compounds were not used in CDFs, histograms or box plotsfor at |east one category of fish because
their median valueswere bel ow detection limits.
#The detected levels of aluminum may have been artificially inflated by the use of aluminum foil in the
packaging and storage of samples (See Collection of Samples and Laboratory Analysis Sections).

(continued)



Table3.  (Continued)

Analyte CAS Number Category of fish for which the median
concentration of the respective analyte
was above the detection limit

Heptachlor epoxide 1024-57-3 All
*Hexachl orobenzene 118-74-1 Small Target Species, Blacknose dace,
White sucker
Iron 7439-89-6 All
*Lead 7439-92-1 None
Mercury 7439-97-6 All
*Mirex 2385-855 None
Nicke 7440-02-0 All
trans-Nonachlor 3675-80-5 All
cis-Nonachlor 5103-73-1 All
Oxychlordane 27304-13-8 All
Chlordane (al phaand gamma) 57-74-9 All
*Selenium 7782-49-2 None
Zinc 7440-66-6 All
+PCB Congeners
2,4-Dichlorobiphenyl, #8 34883-43-7 All
2,2 5-Trichlorobiphenyl, #18 37680-65-2 All
2,4,4-Trichlorobiphenyl, #28 7012-37-5 All
2,2',3,5-Tetrachlorobiphenyl, #44 41464-39-5 All
2,2'5,5-Tetrachlorobiphenyl, #52 35693-99-3 All
2,3',4,4'-Tetrachlorobiphenyl, #66 32598-10-0 All
2,2'4,5,5'-Pentachlorobiphenyl, #101 37680-73-2 All
2,3,4,4' 5-Pentachl orobiphenyl, #118 31508-00-6 All

*These compounds were not used in CDFs, histogramsor box plots for at least one category of fish
because their medium values were below detection limits.

+L aboratory analysiswas conducted for each of these PCB congeners. However, the dataanalysis for
thisreport only considered Total PCBs.

(continued)



Table3.  (Continued)

Analyte CAS Number Category of fish for which the median
concentration of the respective analyte
was above the detection limit

+PCB Congeners

2,2'4,4' 5,5-Hexachl orobiphenyl, #153 35065-27-1 All

2,3,3,4,4'-Pentachl orobiphenyl, #105 32598-14-4 All

2,2',3,4,4' 5-Hexachlorobiphenyl, #138 35065-28-2 All

2,2',3,4',5,5',6-Heptachlorobi phenyl, #187 52663-68-0 All

2,2',3,3,4,4-Hexachl orobiphenyl, #128 38380-07-3 All

2,234,4' 5,5-Heptachl orobiphenyl, #180 35065-29-3 All

2,2',3,3',4,4',5-Heptachlorobi phenyl, #170 35065-30-6 All

2,2',3,3,4,4'5,6-Octachlorobiphenyl, #195 52663-78-2 All
2,2,3,3,4,4 5,5 ,6-Nonachlorobiphenyl, #206 ~ 40186-72-9 All

Decachl orobiphenyl, #209 2051-24-3 All

3,3',4,4-Tetrachlorobiphenyl, #77 32598-13-3 All

3,3',4,4' 5-Pentachl orobiphenyl, #126 25429-29-2 All

3,3'4,4',5,5-Hexachl orobiphenyl, #169 32774-16-6 All

Total PCBs NA All

+L aboratory analysis was conducted for each of these PCB congeners. However, the data analysisfor this

report only considered Total PCBs.

Plan so that thisstudy would be consistent with
the EMAP Estuary Fish Tissue Contaminant
Program, theEMAPNortheast LakesFish Tis-
sue Contaminant Program and the Office of
Water'sNationa Contaminant Program. Tissue
samples were homogenized with a Teckmar
Tissumizer and sub-sampled. Tissue samples
weredigested by amixtureof sulfuricand nitric
acidsfor mercury determination. For other el-
emental analyses, tissue sampleswere either
digested withnitricacid or dry ashedinamuffle

furnace. Metd sweredetermined by oneof three
techniques depending on the el ement and con-
centration. Mercury was determined by cold
vapor technique (USEPA method 245.6,
USEPA, 1991b) atomic absorption spectrom-
elry (AAS), inwhich stannouschloridewasusd
toreduceHgO. Arsenic, cadmium, sseniumand
lead weredetermined by graphitefurnace AAS,
inwhich eectrica heatingwasused to produce
an atomic cloud. Theremaining metals (a'so
cadmium and lead when in high concentration)



weredetermined by atomic emission spectrom-
etry using anargon plasma.

Extractions of thetissue samplesfor the
analysisof organic contaminants(i.e., polycy-
clic aromatic hydrocarbons, pesticides and
PCBSs) were performed using the National Oce-
anicand Atmospheric Adminigtration (NOAA)
Status and Trends method (MacLeod et a.
1985) with minor modification (Brookset al.
1989; Wadeet al. 1988). Briefly, an aliquot of
tissue homogenate (1-10 g) wasdried with so-
dium sulfate and extracted with methylenechlo-
ride. Thetissueextract was purified by silical
auminum column chromatogragphy and high per-
formanceliquid chromatography (HPLC) toiso-
latethe desired organic fraction and to remove
interferinglipids. Thequantitativeanaysiswas
performed by gas chromatography (GC) with
mass pectrometer detector (MSD) insingleion
monitoring (SIM) modefor polycyclicaromatic
hydrocarbonsand with el ectron capture detec-
tor (ECD) for pesticides and PCBs. Where
known co-elution occurred in GC/ECD (e.g.,
endosufan | and PCB congeners114 and 117),
GCwithMSD in SIM mode was used.

TheQuality Assurance(QA)/Qudity Con-
trol (QC) for fishtissueanaysesusedinEMAP
for inland surfacewaters (EMAP-SW) proto-
cols(USEPA 1993Db) isbased on performance.
It usesalist of required elements and limits
(USEPA 1993b, 1994) of which a Standard
Reference Materials (SRM) isone of theprin-
cipledements. ThisSRM must be made up of
amatrix of similar fishtissue, of natural origin
and contain severa of theindicator values.

Data Analysis

Analysis of Data Sets

For all dataanalyses, analyteswhich had
concentration val uesbel ow the detection limits

weregivenvauesof 50% of thedetectionlimit.
Thisapproach hel ped reduce either overesti-
mating or underestimating the concentrationsof
these contaminants,

Theanalyses of the datafrom this study
were approached in two different ways. One
approach to analyzing the datawasto consider
the Small Target Speciesand the Large Target
Species as groups and the other approach to
analyzing the datawasto consider each indi-
vidual species or species group (e.g., creek
chub/falfish) separately. When consideringin-
dividual speciesor speciesgroups, separate
subsetsof the datawere created for analysis of
the two most common species(i.e., blacknose
dace and white sucker). For these subsets, the
dataused werefrom thefirst visitto asitein
which that particular specieswas collected.

White sucker made up asignificant por-
tion of the Large Target Speciesand blacknose
dace made up asignificant portion of the Small
Target Species. The proportionsthat thesein-
dividual speciescontributed tothe Largeand
Smadl Target Speciesareshownin Appendices
A and B, respectively.

Sitesthat were visited morethan once by
thefield crewsrequired subsetting of the data
for analysis. One subset was created to analyze
the Small Target Species data as a group.
Among the Small Target Species, there were
often two to three different speciesof fish col-
lected during multiplevisits. For thosesitesthat
had morethan onevisit and morethan one spe-
ciescollected during those different vidits, the
samplemade up of the highest priority fish spe-
ciesavallablewasusedfor andyss If thishigh-
est priority fish specieswasthe samefor more
than onevisit, the sample collected during the
earliest visit was used. Another subset of data
was created to analyze L arge Target Species
as a group. Because the same Large Target



Specieswere collected during all visitsto the
samesite, thissubset of dataincluded al Large
Target Speciessamplesthat were collected dur-
ingthefirst visttoaste.

Objectives

Thedatawereanayzed sothat threeques-
tionscould be answered:

1) Where were fish exposed to contami-
nants?

2) What was the magnitude of the
exposure?

3) Where were the sites that exceeded
toxicol ogical benchmark values?

Descriptive Statistics

In order to interpret the data, several de-
scriptive statisticswere generated. The propor-
tion of each fish category acrossthe streamor-
derswasdescribed and box plotsrepresenting
thedistribution of anaytelevelsacrossstream
order for blacknose dace and white sucker were
generated. Histogramswhich show the propor-
tion of white sucker to Large Target Species
and the proportion of blacknose daceto Small
Target Specieswith their respectivelevels of
exposureto 22 analyteswere also generated.
Thesehistogramsnot only describethelevel of
exposurefor four categoriesof fish but they so
describetherelative contribution of thewhite
sucker to the Large Target Speciescategory and
therelative contribution of the blacknose dace
tothe Small Target Speciescategory.

Empirica cumulaivedigtributionfunctions
(CDFs) werecdculated for 22 anadytes. A CDF
indicates, acrossthefull range of values, the
proportion of samplesat or below agivenvalue.
CDFsareauseful descriptivetool indetermin-
ing whether most of the values are very low,
withafew high valuesor whether valuescover

abroader range. Finally, box plotsshowing level
of anaytes detected for each of four categories
of fishweregenerated. Histograms, CDFsand
box plotswerenot generated for andyteswhich
had median vauesbel ow thedetectionlimitsin
aparticular category of fish. Because of thein-
frequent detectionsof theseandytes, hisograms,
CDFsand box plotswould providevery little
information. Those analytesfor which histo-
grams, CDFs and box plots were not gener-
ated aresummarizedin Tables 4 through 7.

EXxposure

Thelaboratory analysesprovided thein-
formation necessary to determinethat exposure
to contaminants had occurred based on the de-
tection of contaminantsinthefishtissuesamples.

The 90th percentile and 95% confidence
intervalswere cal culated for the contaminant
exposure of themost commonly occurring spe-
cies (blacknose dace) to each of the analytes
for which the median values were above the

Table 4. Analytesfor which the Median Values
were Below the Detection Limitsin Small Target
SpeciesSamples(N=70)

75th Detection

Analyte Percentile Maximum  Limit

(1g/g9) 0.0002 00004  0.0002
Arsenic (ug/g) 3.7500 51000 37500
Cadmium (ug/g) 0.1600 07200  0.2000
o,p-DDE (ug/g) 0.0002 00010  0.0002
p,p'-DDT (ug/g) 0.0002 00070  0.0002
Endosulfan | (ug/g) O. 00021  0.0004
Endosulfan Il (ug/g) 0.0004 00041  0.0004
Endrin (ug/g) 0.0002 00033  0.0002
Heptachlor (ug/g)  0.0002 00006  0.0002
BHC - alpha(pg/g) 0.0002 00007  0.0002
BHC-beta(ug/g)  0.0002 00005  0.0002
BHC- delta(ug/g) 0.0002 00007  0.0002
BHC - gamma(ug/g) 0.0002 0002  0.0002
Mirex (Lg/g) 0.0002 00006  0.0002
Lead (ug/g) 12500 28900 12500
Selenium (pg/g) 3.7500 55000 37500



Table5.  Analytesfor which the Median Values Table7. Anaytes for which the Median

wereBelow the Detection Limitsin Blacknose Dace Vaueswere Below the Detection Limitsin White
Samples(N=33) Sucker Samples(N=24)
75th Detection 75th Detection
Analyte Percentile Maximum  Limit Analyte Percentile Maximum  Limit
(ng/g) 0.0002 00004 00002 (ug/q) 0.0002 00006  0.0002
Arsenic (1g/g) 3.7500 42800 37500 Arsenic (ug/g) 3.7500 76700 37500

Cadmium (ug/g) 0.1500 06400 02000 Cadmium (ug/g) 0.1500 06700  0.2000
o,p-DDE (ug/g) 0.0003 00010 00002 o,p-DDE (ug/g) 0.0002 00110  0.0002

p,p-DDT (ug/g) 0.0002 00029 00002 Endosulfan | (ug/g) 0.0004 00031 00004
Endosulfan| (ug/g) 0.0004 00009  0.0004 Endosulfan Il (ug/g) 0.0004 00009  0.0004
Endosulfan I1 (ug/g) 0.0004 00041  0.0004 Endrin (ug/g) 0.0002 00037  0.0002
Endrin (ug/g) 0.0002 00008  0.0002 Heptachlor (ug/g) 0. 00009  0.0002
Heptachlor (ug/g)  0.0002 00006 00002 BHC-apha(pg/g) 0.0002 00004  0.0002
BHC - alpha(ug/g) 0.0002 00007 00002 BHC- beta(ug/g) 00002 00002  0.0002
BHC- beta(ug/g) 0.0002 00002 00002 BHC- delta(ug/g) 0.0002 00002  0.0002
BHC- delta(ug/g) 0.0002 00007 00002 BHC - gamma(ug/g) 0.0004 00012  0.0002
BHC - gamma(g/g) 0.0003 0002 00002 Lead (ug/g) 12500 24200 12500
Mirex (ug/g) 0.0002 00003  0.0002 Mirex (Lg/g) 0.0002 00005  0.0002
Lead (ug/g) 12500 12500 1.2500 Selenium (ug/g) 3.7500 66400 37500

Selenium (ug/g) 3.7500 55300 37500

detectionlimits. Thesestatisticshelpto describe
thelevd of exposureto contaminants. In addi-
tion, the percentages of sites at which Small
Target and/or Large Target Species showed
exposureto contaminants above detection lim-

_ for which the Median Val .
vedlee,  srebiEiertenliz alen Vel 2 R ——

were Below the Detection Limitsin Large Target
SpeciesSamples(N=47) .
_ Magnitude of Exposure

75th Detection

Analyte Percentile Maximum ~ Limit In order to determine the magnitude of

(19/0) T m— exposure, toxicological benchmarks from
Arsenic (Lg/g) 37500 76700 3700  Sampleetal. (1996) were used. The bench-
Cadmium(ug/g) 01000 06700  0.1000 mark values were based on the no observed
op-DDE(hg/g) 00002 000l 00002  adverseeffectslevel (NOAEL) for the belted
Op-DDT(g/g) 00006 00073 00002 i ficher (Megaceryleal cyon) for food con-

Endosulfan| (ug/g) 0.0004 0.0107 0.0004 ) bt
Endosulfan|l (ug/g) 00004 00002 00004 sumption. TheNOAEL for thebelted kingfisher

Endrin (ugl%) . 00002 00037  0.0002 isthe maximum concentration of the contami-
Heptachlor (ug/g)  0.0002 00009  0.0002 ; ;
Hexaehoro- 00004 00014 00002 nant ( g contaminant/g fish) that could befound

benzene (g/g) infish suchthat the belted kingfisher would be
Eﬂg- gj gg?(gi;/g) 8% 8.% 8.% likely to suffer no adverseeffectsby consuming
S elta(Lix g/%) o oo them. Themethodsused for thederivation of
BHC - gammay(pg/g) 0.0002 0.0012 0.0002 the NOAEL benchmark valuesaredetailed in
Mirex (ug/g) 00002 00007 00002 Sample et a. (1996). The exceedence of
L ead (Lg/g) 12500 2420 12500  NOAEL benchmark valuesand the degreeto

ST 3.7500 66400 3./500 whichtheNOAEL benchmark valueswereex-



ceeded werejudged to beindicative of themag-
nitude of exposure.

The belted kingfisher waschosentobea
representative of thewildlifeintheregion be-
causeitiswiddy distributed throughout there-
gion, livesnear bodies of water and feeds pri-
marily onfish. Itislikely that itsprey would be
near the size of thefish that were on the Small
Target Specieslist (Terres 1980; Peterson and
Peterson 1998). Becausethe sitesfor thisstudy
were chosen randomly, not al siteswill berep-
resentative of typical belted kingfisher habitat
andthefishfromthosesites, therefore, may not
realistically represent a part of a belted
kingfisher'sdiet. However, the NOAEL -based
toxicological benchmarks should serve ad-
equately asscreening va uesfor determiningthe
magnitude of exposure.

All analytesused in thisstudy (Table 3)
for which therewere NOAEL benchmark val-
uesreportedin Sampleet a. (1996) were used
indataanalyss. Theseandytesinclude As, Cd,
Cr, Cu, Pb, Hg, Ni, Se, Zn, DDT and metabo-
lites, endosulfan, dieldrin, endrin, chlordane,
gamma-BHC and total PCBs (Table 8). For
casesinwhich thebenchmark valueswerecal-
culated for aparticular form of anelement (e.g.,
Methyl mercury dicyandiamide) and the labo-
ratory andysisfor thisstudy yielded only avaue
for theelement (e.g., Mercury), thenthelowest
available benchmark wasused. Thiswasdone
in order to represent the range of exposureto
these 16 contaminants.

For the calculation of these benchmark
values, it was assumed that there was no expo-
sureto contaminants by theingestion of water.
Thetoxicological benchmark valuesfor food
were used in order to best estimate the effects
of abelted kingfisher eating thefish that were
collected from these streams. Becausetheprey
of thebeted kingfisher islikely tobesmall fish,
only thedatafromthe Small Target Specieswere
considered.

Table8.  Toxicological Benchmark Vauesfor
theBelted Kingfisher (Sampleet al. 1996)

Form NOAEL
Chemicd Referenced (Food, pg/g)
Arsenic Copper 49

acetoarsenite
Cadmium Cadmiumchloride 286
Chromium Cri+asCrK(S0O)), 197
Copper Copper oxide R.7
Mercury Methyl mercury 0013
dicyandiamide
Nicke Nickel sulfate 152.74
Lead L ead acetate 223
*Selenium Selanomethionine 0.789
Zinc Zinc sulfate 286
Diddrin n/a 0.152
gamma-BHC n/a 395
DDT & n/a 0.006
metabolites

Chlordane n/a 420
Endosulfan n/a 19.7
Endrin n/a 0.020
Total PCBs Arachlor 1254 0.355

*The 50% value of the detection limit for Selenium
isgreater than the reported NOAEL value.

For the magnitude of exposure analyses,
sx DDT metabolitesweresummedto obtaina
snglevaduefor DDT. Endosulfan | and endosul-
fan Il weretotaled for total endosulfan. The
vauesfor apha-chlordane, gamma-chlordane,
oxychlordane, cis-nonachlor and trans-
nonachlor were summed for total chlordane.
Beforesumming, haf thedetectionlimit wasused
for any valuesthat were below the detection



limits. For the contaminants not used in sum-
ming, half thedetectionlimit wasusedif thevaue
wasbel ow the detection limit before comparing
ittothe NOAEL.

Location of Sites Exceeding
Toxicological Benchmark
Values

Thelocationsof thesitesthat yielded the
Small Target Speciestissue samplesthat ex-
ceeded the NOAEL benchmark values were
mapped using GI S software. The mapswere
congtructed toillustratethe degreetowhichthe
benchmark valueswere exceeded at each site
for each of the selected contaminantsand toiil-
|ustrate the number of benchmark valuesthat
were exceeded at each site.

Results

Descriptive Statistics

The database containing the datacollected
during this study islocated at www.epa.gov/
emap/html/datal/surfwatr/data/mastreams/
9396. Fishtissue sampleswerecollected at 77
of the 102 Stessdected for fish tissuesampling.
In 92 vidtstothese 77 sites, Small Target Spe-
cieswere collected during 83 visitsto 70 sites
and L arge Target Specieswere collected dur-
ing 53 visitsto 47 sites. Of these, both Small
and L arge Target Specieswere collected dur-
ing 44 visitsto 40 sites. The prediction that the
Small Target Species would be more widdly
distributed infirst through third order streams
within theregion issupported by these data.

No Small Target Speciestissue samples
werecollected at 32 Sites(Table9). Therewere
no Smal Target Speciestissuesamplescollected
from 15 of these sites because either the sites
were not sampleable (e.g., no water present)
or no fish were present in thereach. At 13 of

Table9. A Summary of the Number of Sites
Visited, Number of Sites where Tissue Samples
were Collected, and the Number of Sites at which
no Tissue Samples were taken

Number of Sites

Smdl Large
Target Species Target Species
Total Sites 102 102
Visited
Tissue Sample 70 a7
Collected
No Fish Collected 15 15
No Target Fish 4 21
Collected
TargetFishCollected 13 19
but No Tissue Sample
Available

theremaining Sites, at least oneindividud of the
Small Target Species was caught, but there
were either too few fish to take afish tissue
sampleor thesamplewaslost after thefishtis-
suesamplewascollected. At four Sites, fishwere
collected but there wereno Small Target Spe-
cies present. No Large Target Speciestissue
sampleswere collected at 55 sites (Table 9).
There was no Large Target Species tissue
samplescollected from 15 of these because e-
ther the siteswere not sampleable or no fish
werepresent inthereach. At 19 of theremain-
ing Sites, Large Target Specieswere caught, but
therewereeither toofew fishtotakeafishtis
suesampleor the samplewas|ost after thefish
tissue sample was collected. At the other 21
gtes, fishwerecollected but therewereno Large
Target Species present.

A seriesof histogramsdisplaysthe num-
ber of four of thefish categoriesthat were col-
lectedinthethreestream orders(Figure 3). Note
that the Small Target Specieswere collectedin
fairly even numbersamong the stream orders,
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Figure 3. The number of blacknose dace, white sucker, small target species and large target species

collected for fish tissue analysis by stream order.

however, very few of the Large Target Species
were collected in first order streams and the
greatest number were collected in third order
streams.

Although Small Target Specieswere ap-
proximately evenly distributed among first, sec-
ond, and third order streams (Figure 3),
blacknose daceweremore commoninfirst and
second order streams. Large Target Species
wereleast commoninfirst order streams (about
20%) and most commoninthird order streams

(about 45%). However, white sucker samples
were collected primarily from second order
streams (about 50%), with another large pro-
portioninthird order streamsand only about
10%infirst order streams.

Box plot representations of the distribu-
tion of various analytes acrossthe stream or-
dersfor blacknose dace and white sucker were
developed (Appendix C). For blacknose dace,
samples from third order streams generally
showed higher variability and often higher me-



diansthan samplesfromfirst and second order
streams. However, someof thisvariability may
be an artifact of amuch smaller samplesize
(n=5) for third order streams. Thegreatest val-
uesfor DDT metabolites and organics were
usually found in samplesfrom second or third
order streams. For white sucker, therewereno
apparent differencesamong stream order for
pesticides(DDT and metabolites), most organ-
ics, total PCBs, or metals. However, chlordane
derivativesoften showed dightly higher variabil-
ity among samplesfromfirst order sites(n=3).

Two satsof hisogramswere generated for
theanalytesfor which themedian valueswere
abovethedetection limits. Oneset of histograms
showsthe proportion of white sucker to Large
Target Species(Appendix A) and the other set
showsthe proportion of blacknosedaceto Small
Target Species(Appendix B). Thesehistograms
describethelevel of exposure of thefour most
common categoriesof fish to contaminants.

They also describetherelative contribu-
tion of the white sucker to the Large Target
Speciestissue samplesand therel ative contri-
bution of the blacknose daceto the Small Tar-
get Speciestissue samples.

Setsof CDFswerecdl culated for each of
the 22 andytesfor whichthemedianvaueswere
abovethedetection limits (Appendix D). Box
plot representations of these dataare presented
in Appendix E. The production of the CDFs
providessomekey ingghtsinto thedistribution
of thedata. For example, the CDFsreved that
all contaminantshad distributionswhich were
skewed toward low valuesor thedetectionlim-
its. They dsoillustrate that metal swere present
inrelatively low concentrationsat most Sites, but
witharange of moderateto high vauesat some
sites. Cadmium was present in quantitiesless
than thedetectionlimit for dl groupsexcept white
sucker, inwhich concentrationswere relatively

high for alarge proportion of sites. Somemet-
as(i.e., Fe, Hg, Ni and Zn) had a maximum
concentration among blacknosedacewhichwas
much lower than it was for the Small Target
Speciesgroup asawhole. However, thiswas
not true of whitesuckersinrelaiontotheLarge
Target Speciesgroup. For both Largeand Smdll
Target Species, DDT and itsmetaboliteswere
largely below detection limitsfor most siteswith
only avery small number of Siteshaving rela-
tively high concentrationsof agiven metabolite.
The concentration of most organicswere be-
low detectionlimitsin most speciesat over 80%
of thesites.

Thecentrd part of thedistribution of each
contaminant, except Zn, wassimilar amongin-
dividual species and groups of species (i.e.,
Largeand Small Target Species), but outliers
and maximum valuesvaried gregtly among the
categoriesdepending on the contaminant (Ap-
pendix E). Zn vauestended to be much greater
among Small Target Species than they were
among L arge Target Species. For theremain-
der of theanaytes, therewasno consstency as
to whether the Large or Small Target Species
had the greatest valuesfor concentrations of
contaminants.

Exposure

Blacknose dace was the most common
speciesinthestudy. The 90th percentilelevels
of contaminants were calculated for the
blacknose dace (Table 10). Thistableonly in-
cludesthoseanalytesfor whichthemedianval-
ueswere abovethelr respective detection lim-
its. Becauseat |east one contaminant wasabove
thedetectionlimit a every Ste(Tables 11 through
13), exposure occurred at every site. When
considering theresultsof the Al portion of the
anaysis, itisimportant to notethat theseresults
may beartificidly inflated because of theway in
which the field samples were processed and
stored (see Collection of Samplesand Labora-



tory Analysis Sections). It ispossiblethat the
useof auminumfoil inthe storage of samples
affected theresultsof the Al analysis. Theper-
centage of Sitesat which exposure occurred for
both Small and Large Target Specieswascal-
culated for each analyte (Tables11 and 12, re-
spectively). For vistsoccurringinboththeLarge
and Small Target Speciesdatasets, the number
of sitesat which therewasexposurefor oneor
both categories of target fishwasalso calcu-
lated (Table 13). For both categories of target
Species, exposure to most contaminants oc-
curred at amoderateto high percentage of Sites.
When considering only siteswhere Small and
L arge Target specieswere collected, exposure
wasfairly consistent between largeand small

Species.
Tablel0. The90% Levelsof Contaminant

Concentrationsin Blacknose Dace Tissue Samples
(N=33)

90th percentile

Contaminant (no/g) 95%Cl

* Aluminum 18058 (103.03,188.27)
Chromium 151 (1.36,1.60)
Copper 123 (1.07,1.47)
Iron 14157 (98.88,209.60)
Mercury 00763  (0.0582,0.0993)
Nickel 043 (0.350,0.740)
Zinc 54.19 (47.40,56.24)
o,p-DDD 00015  (0.0007,0.0021)
p,p-DDD 00029  (0.0010,0.0034)
o,p-DDT 00019  (0.0007,0.0057)
p,p-DDE 00397  (0.0099,0.0704)
Diddrin 00109  (0.0028,0.0338)
Heptachlor epoxide 00014  (0.0007,0.0057)
Hexachlorobenzene 00006  (0.0004,0.0010)
apha-Chlordane 00060  (0.0014,0.0503)
gamma-Chlordane 00054  (0.0015,0.0342)
cis-Nonachlor 00038  (0.0014,0.0435)
trans-Nonachlor 00130  (0.0037,0.1001)
Oxychlordane 00033  (0.0012,0.0371)
Total PCBs 01971  (0.0660,0.4981)

*The detected levels of aluminum may have been
artificially inflated by the use of aluminumfail in
the packaging and storage of samples (See
Collection of Samplesand Laboratory Analysis
Sections).

Magnitude of Exposure

Thebenchmark toxicologicd vauesfor the
16 contaminants that were available from
Sampleet al. (1996) are presented in Table 8.
Table 14 showsthe percentage of sitesinwhich
the NOAEL benchmark valueswere exceeded
by Smdl Target Species, by factorsof 1 or 10,
andwhich NOAEL benchmark valueswerenot
exceeded by Small Target Species. Figures4
through 11 show thelocations of the sitesthat
exceeded thebenchmark valuesfor As, Cr, Hg,
Pb, Se, Zn, DDT and metabolites and Total
PCBs. Becausethe NOAEL benchmark value
for Sewaslessthan 50% of the detection limit
for Se, then the concentration of Seinthe Small
Target Species tissue samples exceeds the
NOAEL benchmark valueat dl 70 sites. Thus,
themapfor Seindicatesthesteswhere NOAEL
valueswere exceeded but were below the de-
tection limit and those Steswhere NOAEL va-
ues were exceeded and were also above the
detection limit. Maps were not produced for
thoseanayteswhose NOAEL benchmark va-
ues were not exceeded at any sites(i.e., Cd,
Cu, Ni, chlordane, dieldrin, endosulfan, endrin
and gamma-BHC).

L ocation of Sites
Exceeding Toxicological
Benchmark Values

Of thestesfromwhich Small Target Spe-
ciestissue sampleswere collected, 70 (100%)
exceeded at |east one of the 16 NOAEL toxi-
cological benchmark values(Table15). Thelo-
cation of the sitesand the number of NOAEL
benchmark valuesexceeded at those sitesare
shownin Figure 12. Figure 13 showstheloca-
tions of the sites that exceeded the NOAEL
benchmark valuesfor both metal and organic
contaminants. Notethat this map reflectsthe
pervasivenessof DDT anditsmetabolites. Be-



Tablell. Percentageof Sitesat which Small Tablel2. Percentageof Sitesat which Large
Target SpeciesExhibited Exposureto Contaminants Target SpeciesExhibited Exposureto Contaminants

Above Detection Limits (N=70) Above Detection Limits(N=47)
Contaminant % of sites exposed Contaminant % of sites exposed
* Aluminum 1000 * Aluminum 1000
Arsenic 57 Arsenic 21
Cadmium 386 Cadmium 4.7
Chromium 1000 Chromium 1000
Copper 1000 Copper 1000
Lead 514 Lead 638
Mercury 843 Mercury 872
Nickel 700 Nickel 787
Selenium 43 Selenium 21
Zinc 100.0 Zinc 1000
o,p-DDD 714 o,p-DDD 617
o,n-DDE 286 o,p-DDE 149
o,p-DDT 629 o,p-DDT 553
p.p-DDD 7.7 p,p-DDD 787
p,p-DDT 100 p,p-DDT 723
p,p-DDE 100.0 p,p-DDE 1000
15.7 85
Diddrin 100.0 Diddrin 936
Endosulfan | 71 Endosulfan | 64
Endosulfan | 186 Endosulfan|| 191
Endrin 114 Endrin 43
Heptachlor 143 Heptachlor 43
Heptachlor epoxide 65.7 Heptachlor epoxide 574
Hexachlorobenzene 814 Hexachlorobenzene 638
BHC-apha 129 BHC-dpha 106
BHC-beta 71 BHC-beta 0.0
BHC-ddlta 29 BHC-ddta 0.0
BHC-gamma %7 BHC-gamma 234
alpha-Chlordane 771 alpha-Chlordane 681
gamma-Chlordane 729 gamma-Chlordane 574
cis-Nonachlor 886 cis-Nonachlor 872
trans-Nonachlor 1000 trans-Nonachlor 1000
Oxychlordane 90.0 Oxychlordane 915
Mirex 114 Mirex 106
*The detected levels of aluminum may have been *The detected levels of aluminum may have been
artificialy inflated by the use of aluminumfail in artificially inflated by the use of aluminumfail in
the packaging and storage of samples (See the packaging and storage of samples (See
Collection of Samplesand L aboratory Analysis Collection of Samplesand Laboratory Analysis
Sections). Sections).

cause bothHg and Seexceed NOAEL values  exceeded morethan four NOAEL benchmark
at alarge number of sites, they wereremoved  values. One of these sites was a first order
fromthedataset in order to producethemap  stream, onewasasecond order stream and two
showninFigure 14. Therewerefour sitesthat ~ werethird order streams(Table 16).
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Figure 4. The location of the site at which the concentration of arsenic in the small target species tissue
sample exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 5. The locations of the sites at which the concentrations of chromium in small target species
tissue samples exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 6. The locations of the sites at which the concentrations of mercury in small target species
tissue samples exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 7. The locations of the sites at which the concentrations of lead in small target species tissue
samples exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 8. The locations of sites at which the concentrations of selenium in small target species tissue
samples exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 9. The locations of the sites at which the concentrations of zinc in small target species tissue
samples exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 10. The locations of the sites at which the concentrations of DDT and its metabolites in small
target species tissue samples exceeded the NOAEL benchmark value for the belted kingfisher.
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Figure 11. The locations of the sites at which the concentrations of total PCBs in small target species
tissue samples exceeded the NOAEL benchmark value for the belted kingfisher.



Table13. Number of Sitesat which Small Target
Species, Large Target Species, neither or both
Exhibited Exposure to Contaminants Above
Detection Limits(N=35)

Both None Smdl

Contaminant Large

* Aluminum
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickd
Sdenium
Zinc
o,p-DDD
o,p-DDE
o,p-DDT
p,p-DDD
p,p-DDT
p,p-DDE

Diddrin
Endosulfan |
Endosulfan I
Endrin

Heptachlor
Heptachlor epoxide
Hexachlorobenzene
BHC-apha
BHC-beta
BHC-ddlta
BHC-gamma
alpha-Chlordane
gamma-Chlordane
cis-Nonachlor
trans-Nonachlor
Oxychlordane
Mirex

wBBBRBuwocorBBrronBoNwRBrBRoRRRBRBEH
BoorvowBBRRBroBRNBoBocowoBwoBowwoobi®o
NRORUNNORFRBOONFPFWWWORANDODONONNOOWOO
MhoONvONOOORRRoOORRORNMNWRMVWOROWoO~NRO

*The detected levels of aluminum may have been
artificially inflated by the use of aluminumfail in
the packaging and storage of samples (See
Collection of Samplesand Laboratory Analysis
Sections).

Discussion and
Conclusions

While smaller species of fish are more
prevalent in small streams, tissue from small

Tableld4. Percentage of Sites that were Less
than or Exceeded the NOAEL Benchmark Values
and the Degree to which they were Exceeded.
These Percentages are Based on Small Target
Species Tissue Samples (N=70)

>1x >10x
Contaminant <NOAEL NOAEL NOAEL
Arsenic 98.6 14 00
Cadmium 100.0 00 0.0
Chromium 914 86 0.0
Copper 100.0 00 00
Mercury 186 800 14
Nicked 100.0 00 0.0
Lead 971 29 0.0
*Selenium 00 100.0 0.0
Zinc 314 686 0.0
Chlordane 100.0 00 0.0
Diddrin 100.0 00 0.0
DDT & metabolites 529 429 43
Endosulfan 100.0 0.0 00
Endrin 100.0 00 0.0
gamma-BHC 100.0 00 0.0
Total PCBs 971 29 0.0

*The 50% value of the detection limit for Selenium
isgreater than the reported NOAEL value.

fisheshasrarely been collected and analyzed
for contaminants as an indicator of exposure
tofish or their predators. The data presented
here demonstrate the usefulness of small fish,
aswell aslarger fishinlarger streams, asin-
dicators of exposure to contaminants, espe-
cially those contaminantsthat are persistent
and bioaccumul ate.

A number of contaminantswere measured
abovedetection limitsat morethan half of the
stesthat weresampled (Table 3). Amongthese
wereHg, Zn, DDT metabolites, PCBs, didrin
and chlordane, someof whichmay beirrevers-
ibly accumulatingintheecosystemor havevery
dow ratesof decomposition. A subset of con-
taminantsthat werewidely distributed also oc-
curred at level sthat exceeded NOAEL bench-
mark vauesfor thebelted kingfisher. DDT, Hg
and Zn concentrations exceeded NOAEL



Tablel5. Numbersand Percentages of Sites
with Varying Numbersof Contaminants Exceeding
theNOAEL Benchmark Values
Number of
contaminants Number Percentage
exceeding NOAEL of sites of sites
0 0 0.0
1 1 14
2 15 214
3 7 457
4 18 5.7
5 4 5.7

benchmark values at greater than 40% of the
siteswheresmall target specieswere collected
(Table 14). The widespread occurrences of
these contaminants (Figures 12 through 14) sug-
geststheinfluence of non-point sourcesof pol-
lution (e.g., agriculture and atmospheric depo-
gtion) should beinvestigated.

The number of sites exceeding NOAEL
benchmarksfor mercury, DDT and PCB val-
ues(Table 14) suggestsacomprehensive study
of fishtissue contaminantsiswarranted for the
region. WhiletheNOAEL vauesarevery con-
servative estimationsof theeffectsof apolluted
food source on belted kingfishers, they areuse-
ful indicatorsof excesscontamination.

Low valuesfor fish contaminants do not
necessarily mean absence of contaminantsand
their sources. Low vauesof contaminantsinfish

tissue can occur when the exposure pathway is
incomplete. For instance, it ispossiblethat even
whenmercury sourcesareuniformly distributed
throughout aregion, higher methylation and,
hence, higher bioaccumulation may occurinre-
sponse to the nutrient and dissolved organic
carbon (DOC) status of the stream.
(Krabbenhoft et al. 1999, Krabbenhoft and
W&iner 1999; Weiner and Krabbenhoft 1999;
Eider 2000).

Characterizing the presence of Seisprob-
lematic. Morethan haf of thesitesdid not have
valuesthat met or exceeded the detection limit
for Se. However, Seishighly toxictowildlife.
In fact, the NOAEL benchmark value for Se
waslessthan hdf of itsdetection limit. Thus, no
measurements could be reported below the
NOAEL. As a precaution and because no
screening was possible, Seisreported at or
above its NOAEL at every site sampled for
small target species. Toidentify Siteswith safe
valuesof Seinfishtissues, anaytical methods
areneeded that havedetection limitsthat areat
least tentimeslower.

Inusing theinformation provided inthis
report, several factors should be kept inmind.
Onefactor isthat itisknownthat different fish
speci es bioaccumul ate contaminants at differ-
entrates. Rubingteinet al. (1984) demongtrated
inacontrolled |aboratory experiment that three

Tablel6. Siteswhich Exceeded Five or More NOAEL Benchmark Vaues with their Respective Stream
Ordersand Selected Contaminant Levels

No.

chemicals

over Stream  Arsenic  Chromium Mercury Lead Sdenium  Zinc DDT Total PCBs
benchmark  order  (ug/g)  (g/g9)  (u9/9) (u9/9) (ug/9) (u9/9) (ug/g)  (M9/g)

5 1 3.750* 1130 0079 1250 3750 36430 0018 0498

5 2 5.1000 1190 0047 2640 4830 34140 0004 0088

5 3 3.750* 1360 0053 0080 3750 45930 0055 0508

5 3 3.750* 3030 0066 0030* 3750* 30700 0016 0.069

*The concentration of the contaminant was below the detection limit. The value given isthe detection limit.
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Figure 12. The locations of the sites at which the concentrations of contaminants in small target
species tissue samples exceeded atleast one NOAEL benchmark value and the number of benchmark
values that were exceeded.
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Figure 13. The locations of the sites at which the concentrations of both organic and metal
contaminants in small target species tissue samples exceeded at least one NOAEL benchmark value.
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Figure 14. The locations of the sites at which the concentrations of both organic and metal (excluding
Hg and Se) contaminants in small target species tissue samples exceeded at least one NOAEL
benchmark value.



different fish speciesbioaccumulated PCBsat
different rates. Williamsand Eddy (1986) noted
that common carp and tench (Tincatinca) had
low Cl uptakeratesand were moreresistant to
NO2 than rainbow trout (Oncorhynchus
mykiss), perch (Perca spp.), and northern pike
(Esox lucius) which had higher Cl uptakerates.
Also, itisgenerally reported that for hydropho-
bic chemicals(e.g., chlorinated hydrocarbon
pesticides) and mercury, greater bioaccumula
tion occursin organismswith higher lipid con-
tent. Thisincreasestheimportanceof collecting
fish during aseason in which reproductive ac-
tivities, feeding habitsor other influenceshave
not affected the lipid content of the sampled
organisms (USEPA 1992, 1993a). In astudy
by the USEPA's National Study of Chemical
Residuesin Fish (NSCRF), it wasfound that
bottom-feeding fish and gamefish biocaccumu-
lated different dioxins, furans and xenobiotic
compounds at very different rates (USEPA
1992). Therefore, the white sucker from the
L arge Target Specieslist would accumulate
chemicalsat avery different ratethan aspecies
of bass or trout, which arealso on the Large
Target Specieslist.

Althoughitisknown that fish bicaccumu-
late contaminants at different rates, it is not
known how the bioaccumulation rates among
the speciesused for thisstudy may differ. The
American Fisheries Society's PCB subcommit-
tee advised against assuming that abioaccumu-
lation factor that was devel oped for contami-
nantsin onewaterbody would be applicableto
other waterbodies. The authors state that the
amount of bioaccumulation that occursfor a
given concentration of achemical inthewater
column or inthe sedimentsisusualy site-spe-
cificand, therefore, should not beinferred to
remain the same at other sites (Veith et al.,
1979). Thus, itisdifficult to accurately com-
pare sites when those comparisons are based

onthecontaminant levelsfoundin different spe-
cies. Thelifehistoriesof largefisharegenerdly
different fromthelifehistoriesof smdler fish. It
would beimprudent to compare sitesbased on
different contaminant levelsfoundinthetwotar-
get categories of fish or any two species.

Human health studieshavetaken adiffer-
ent approach to measuring dietary exposureto
chemical contaminants(Thomaset a. 1997).
Inthisapproach, composited samplesthat rep-
resent actud diet areandyzed for chemical con-
taminants. Sampling could be adapted for as-
sessmentsof wildlifethat takeinto account that
different speciesof fishmay havedifferent con-
centrationsof contaminantsandwildlifeingesta
variety of fooditems. Thecritica componentis
obtaining arepresentative dietary sample. A
representative sample would consist of prey
itemsin the proportion likely to be caught by
the predator. A smplifying assumptionisthat
predators take prey in the proportion to the
occurrencein thetotal fish assemblage. This
approach would permit sitesto be compared
onthebasisof potential exposure of predators
to contaminantsinfish.

Thisreport describesfish tissue contami-
nant datacollected from randomly-selected Sites
inthe Mid-Atlantic Region. Thereportisin-
tended to be used to screen exposurelevelsfor
fisnandwildlife. An dternative approach could
have used a subset of the datafrom the Mid-
Atlantic Highlandsto represent the proportion
of stream mileswith variouslevelsof fishtissue
contamination. However, this alternative ap-
proach was not used so that thisreport could
present all of the data collected in 1993 and
1994, including datafrom areas outside of the
Mid-Atlantic Highlands. These dataalso war-
rant further analysis of the associationsof fish
tissue contaminant level swith habitat and water
chemigtry factorsand withinvertebrateandfish
assemblages.
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Appendix A
Histogram Representations of the
Proportion of the Large Target Species
Category Made Up of White Sucker for
Selected Analytes
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*The detected levels of aluminum may have been artificially inflated by the use of aluminum
foil in the packaging and storage of samples (See Collection of Samples and Laboratory
Analysis Sections).

Figure A-1. Histogram representations of the proportion of the large target species category made up
of white sucker for Al, Cr, Cu and Fe.
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Figure A-2. Histogram representations of the proportion of the large target species category made up
of white sucker for Hg, Ni, Zn, and o-p'-DDD.
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Figure A-3. Histogram representations of the proportion of the large target species category made up
of white sucker for p,p'-DDD, p,p'-DDE, p,p'-DDT and total PCBs.
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Figure A-4. Histogram representations of the proportion of the large target species category made up
of white sucker for dieldrin, hexachlorobenzene, alpha-chlordane and gamma-chlordane.
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Appendix B
Histogram Representations of the
Proportion of the Small Target Species
Category Made Up of Blacknose Dace for
Selected Analytes
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*The detected levels of aluminum may have been artificially inflated by the use of aluminum foil in the
packaging and storage of samples (See Collection of Samples and Laboratory Analysis Sections).

FigureB-1. Histogram representations of the proportion of the small target species category made

up of blacknose dace for Al, Cr, Cu and Fe.
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Histogram representations of the proportion of the small target species category made
up of blacknose dace for o,p'-DDT, p,p'-DDD, p,p'-DDE and total PCBs.
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FigureB-4. Histogram representations of the proportion of the small target species category made
up of blacknose dace for dieldrin, heptachlor epoxide, hexachlorobenzene and alpha-chlordane.
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Appendix C
Box Plots Representing the Distribution of
Analyte Data Across Stream Order for
Blacknose Dace and White Sucker

Key to Box Plots
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* The detected levels of aluminum may have been artificially inflated by the use of aluminum foil
in the packaging and storage of samples (See Collection of Samples and Laboratory Analysis
Sections).

Figure C-1. Box plots representing the distribution of Al, As, Cd and Cr data across stream order for
blacknose dace.
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Figure C-2. Box plots representing the distribution of Cu, Fe, Hg and Ni data across stream order for
blacknose dace.
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Figure C-3. Box plots representing the distribution of Pb, Se, Zn and o,p'-DDD data across stream order
for blacknose dace.
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Figure C-4. Box plots representing the distribution of o,p'-DDE, o,p'-DDT, p,p'-DDD and p,p'-DDE data
across stream order for blacknose dace.
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Figure C-5. Box plots representing the distribution of p,p'-DDT, aldrin, dieldrin and endrin data across
stream order for blacknose dace.
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Figure C-6. Box plots representing the distribution of endosulfan I, endosulfan 1, heptachlor and
heptachlor epoxide data across stream order for blacknose dace.
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Figure C-7. Box plots representing the distribution of hexachlorobenzene, gamma-chlordane, alpha-
chlordane and alpha-BHC data across stream order for blacknose dace.
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Figure C-9. Box plots representing the distribution of trans-nonachlor, oxychlordane, mirex and total

PCB data across stream order for blacknose dace.
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* The detected levels of aluminum may have been artificially inflated by the use of aluminum foll
in the packaging and storage of samples (See Collection of Samples and Laboratory Analysis
Sections).

Figure C-10. Box plots representing the distribution of Al, As, Cd and Cr data across stream order for
white sucker.
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Figure C-11. Box plots representing the distribution of Cu, Fe, Hg and Ni data across stream order for

white sucker.
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Figure C-12. Box plots representing the distribution of Pb, Se, Zn and o,p'-DDD data across stream
order for white sucker.
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Figure C-13. Box plots representing the distribution of o,p'-DDE, o,p’-DDT, p,p'-DDD and p,p'-DDE data

across stream order for white sucker.
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Figure C-14. Box plots representing the distribution of p,p'-DDT, aldrin, dieldrin and endrin data across
stream order for white sucker.
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Figure C-15. Box plots representing the distribution of endosulfan I, endosulfan I, heptachlor and
heptachlor epoxide data across stream order for white sucker.
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chlordane and alpha-BHC data across stream order for white sucker.
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Figure C-17. Box plots representing the distribution of beta-BHC, delta-BHC, gamma-BHC and cis-
nonachlor data across stream order for white sucker.
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Figure C-18. Box plots representing the distribution of beta-BHC, delta-BHC, gamma-BHC and cis-
nonachlor data across stream order for white sucker.



Appendix D
Cumulative Distribution Functions (CDFs)
Showing the Proportion of the Four Fish
Categories that are At or Below Varying
Concentrations of Selected Analytes.

If the median value of the analyte was below the detection limit in a cat-
egory of fish, aCDF was not generated for that category of fish (See Table 3).

Key to CDFs

—— ——  Lower 95% bound

CDF

—— —— Upper 95% bound
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*The detected levels of aluminum may have been artificially inflated by the use of
aluminum foil in the packaging and storage of samples (See Collection of Samples

and Laboratory Analysis Sections).

FigureD-1. CDFs showing the proportion of the four fish categories that are at or below varying

concentrations of Al. Note that the value scales vary among CDFs.
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FigureD-2. CDF showing the proportion of white sucker that are at or below varying concentrations
of cadmium.



Chromium
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FigureD-3. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of chromium. Note that the value scales vary among CDFs.
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FigureD-4. CDFs showing the proportion of the four fish categories that are at or below varying

concentrations of copper. Note that the value scales vary among CDFs.
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Mercury

Small species Blacknose dace
1.5 T T T T T T T T T T 1
1.0 = -
c
R
S 05 | — .
o
o
1.2
0.8 _
0.6
0.4
0.2
-0.5 L L L 0.0
0.00 0.05 0.10 0.15 0.20 S D D PO PN RO 0D
ereur (1 T (P (P P S P P ¥
y (g/0) Mercury (ug/g)
Large species White sucker
12 T T T 12 T T
10 F — 4 10 | - = =
/ ~
~
08 - 4 o8} / -
c
8
6 06 - -1 06 - -
Q.
o
o
04 - 04 -
/
02 -1 02 -
0.0 I ' L 0.0 1 |
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15
Mercury (1g/g) Mercury (ug/g)

FigureD-6. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of mercury. Note that the value scales vary among CDFs.
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FigureD-7. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of nickel. Note that the value scales vary among CDFs.
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FigureD-8. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of zinc. Note that the value scales vary among CDFs.
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FigureD-9. CDFs showing the proportion of the four fish categories that are at or below varying

concentrations of o,p’-DDD. Note that the value scales vary among CDFs.
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Figure D-10. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of p,p'-DDD. Note that the value scales vary among CDFs.
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FigureD-11. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of p,p'-DDE. Note that the value scales vary among CDFs.
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Figure D-12. CDFs showing the proportion of three fish categories that are at or below varying
concentrations of o,p'-DDT. Note that the value scales vary among CDFs.
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Figure D-13. CDFs showing the proportion of two fish categories that are at or below varying
concentrations of p,p'-DDT. Note that the value scales vary among CDFs.
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Figure D-14. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of dieldrin. Note that the value scales vary among CDFs.
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Figure D-15. CDFs showing the proportion of three fish categories that are at or below varying
concentrations of heptachlor epoxide. Note that the value scales vary among CDFs.
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Figure D-16. CDFs showing the proportion of three fish categories that are at or below varying
concentrations of hexachlorobenzene. Note that the value scales vary among CDFs.
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Figure D-17. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of gamma-chlordane. Note that the value scales vary among CDFs.
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Figure D-18. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of alpha-chlordane. Note that the value scales vary among CDFs.
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Figure D-19. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of cis-nonachlor. Note that the value scales vary among CDFs.
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Figure D-20. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of trans-nonachlor. Note that the value scales vary among CDFs.
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Figure D-21. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of oxychlordane. Note that the value scales vary among CDFs.
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Figure D-22. CDFs showing the proportion of the four fish categories that are at or below varying
concentrations of total PCBs. Note that the value scales vary among CDFs.



