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Executive Summary
The National Irrigation Water Quality Program (NIWQP) investigated contaminants associated
with drainwater in the Salton Sea area from 1986-1990 (Setmire et al. 1990, Schroeder and

Rivera 1993, and Setmire et al. 1993) and concluded that Department of the Interi I) trust

resources were adversely at risk to contaminants, especially reduced r capacity due to
elevated levels of selenium, organochlorine pesticides an
environment. The Salton Sea project advanced to Phas
NIWQP. Typically, in that phase of work remediation p
data collection is conducted if needed. In the case of t: hect, fairly extensive

additional data collection was conducted during i ological effects of the
environmental contaminants documented

estigations.

The Salton Sea area is located wj i cultural region that includes the

¥’ it also supports habitat for four endangered species and is the site of both a

federal and state wildlife refuge.



This report describes the biological effects of environmental contaminants on several important
fish and wildlife species in the Salton Sea area that were investigated in 1992-94. Three studies

were conducted to obtain information about species either thought to be at particular risk, or

the Salton Sea are being investigated separately becau orporate disease and

biotoxicity studies in addition to contaminants ¢

and, to a lg ' grtality; in addition, egret embryos displayed
a highin : s ibly over 100 times normal) of unknown causes; 2) 95%

of black-neckeg Q Bited they came from nests with a four-fold increased risk

e due to selenium concentration in the adult fishes sampled.



Management implications are that the biological effects of selenium in the Salton Sea area are
more clearly understood and it presents reproductive depression in black-necked stilts, hazard to
reproduction of the desert pupfish, and selenium levels in fish make them hazardous food items

for fish-eating birds. The issue of selenium contamination presenting areproducti

the federally endangered pupfish is a situation likely to requirg a Secti consultation

vent most avian toxicity, although not avian contamination. Appropriate

remediation goals for the Salton Seaarea should be developed using information about potential



exposure to selenium by wildlife using the variety of water sources in the Salton Sea area,

including canals, drains, and the Sea.

In the case of DDE, wildlife hazards could be reduced by redycing or any continuing
inputs to the aquatic environment from historically conta
possible, limiting the availability of DDE in aquatic fo
the high concentrations of DDE observed in some bird e ributing to the fish-eating bird
nesting decline and the unusual observation of embry licity ) observed in this

study.

Introduction

The Fish and Wildlife Service is Bnts in the Salton Sea area present a

alton Sea National Wildlife Refuge (SSNWR) and the California Department

of Fish and Game (CDFG) Imperial Wildlife Management Area.



The NIWQP investigated contaminants associated with drainwater in the Salton Sea area of
California in 1986-1990 (Setmire et al. 1990, Schroeder and Rivera 1993, and Setmire et al.

1993). Those studies found irrigation drainwater from various locations in the Imperial Valley

and DDE were accumulating in tissues of migratory an
the Imperial Valley and the Salton Sea. Selenium conce
and the endangered Yuma clapper rail were at levels t oduction. That report

(Setmire et al. 1993) also concluded that waterfg

at could reduce resource productivity in the Salton Sea area. For example, a
recent study of the endangered Yuma clapper rail (Roberts 1996) found that eggs collected from

the CDFG Wister Wildlife Management Unit when drainwater was being used as the water



source for wetlands had maximum selenium concentrations of 7.8 ug/g dry weight (DW), an

amount considered hazardous to reproduction as described in detail below.

In addition to selenium, organochlorine compounds are a pergistent co problem for the

reproductis % s most certainly be impaired.

erbird nesting productivity was documented at Salton Sea nest
991 and 1992, and Audet et al. 1997). The total number of nesting
ea shoreline colonies declined from 1,950 in 1987 to 231 in 1989, with
ons in productive nests observed for great blue herons (Ardea herodias), cattle
egret (Bubulcus ibis), snowy egret (Egretta thula) and great egret (Casmerodius albus). Double

crested cormorants (Phalacrocorax auritus) and white pelicans (Pelecanus occidentalis)



apparently no longer attempt to nest at the Sea. Other species of colonial waterbirds, such as the
black skimmer (Rynchops niger) and gull-billed tern (Sterna nilotica) have had relatively stable
numbers of active nests, but have experienced low reproductive success for several years

(USFWS 1992, USFWS 1994). It is unknown to what extent contaminant-induc

failure has contributed to the decline in nesting success of fish-eating Salton Sea

shoreline colonies.



Project Objectives
This project was designed to more clearly define the biological effects of contaminants
associated with drainwater on fish and wildlife resources in the Salton Sea area. Three studies

were conducted in 1992-94 to obtain information about species thought to be at pggsular risk,

and for those whom the effects of selenium and DDE (in partjcular) ar | understood.

The three studies and their objectives were:

Study 1. Determine the embryotoxicity of colon krds nesting at the Salton Sea.

As fish-eating birds, black-crowned night hero reat egrets were found

to have amongst the highest concentratig accumulate including

selenium, boron, and organochlorig In this study those

Study 3. Determine the body burdens of contaminants in a surrogate species for the

endangered desert pupfish. This issue was not previously investigated, but was a concern

10



because the pupfish inhabit drains that convey various amounts of contaminants in

drainwater to the Salton Sea.

Guidelines for Evaluating Biological Risk from Selenium Exposure

A large amount of information has been generated recently on the biol ards of selenium

pt heavily influenced by agriculturally or industrially mobilized
ontain less than 0.5 ppb total recoverable selenium in the water.
eyed in Oregon, California, Nevada, and Utah typically contained less
overable selenium. Chemically, selenium behaves similarly to sulfur and
therefore is biologically active in that it can enter into the metabolism of plants and animals.

Aguatic plant and insect tissues in selenium-normal environments usually contain on average less

11



than 2 ppm DW total recoverable selenium. Bird's eggs, one of the best wildlife tissues for
monitoring exposure to selenium, usually have concentrations that average less than 3 ppm DW.
Whole body concentrations in freshwater fishes are usually less than 2 ppm DW. Plants take up

selenium from water and concentrate it in their tissues to varying degrees dependi pon the

species of plant. Fish and wildlife bioaccumulate selenium i their tis pally by eating

ppmental abnog@@lities (teratogenicity) in birds. Malformations of embryos caused by
y result from tissue necrosis of the brain and spinal cord, optic cups and lens
vesicles, mesenchyme of the limb buds, and sometimes the tail region (Gruenwald 1958). These

malformations include microphthalmia, anomalies of the extremities, and microcephaly.

12



Extensive field studies of avian response to elevated environmental selenium have been
conducted in the San Joaquin River Basin and near the Tulare Lakebed in California, and, to a

lesser degree, in other regions of the western United States. These studies have provided a large

vided guidelines for evaluating the risk posed to fish by selenium in aquatic

environments. Biological effect thresholds for the health and reproductive success of freshwater

and anadromous fish are 4 ppm DW selenium for whole body, 8 ppm for skeletal muscle, 12

13



ppm for liver, and 10 ppm for ovaries and eggs. Further, the chronic dietary selenium threshold
for fish and wildlife is considered 3 ppm DW, food organisms containing that level of selenium
would supply atoxic dose of selenium while being unaffected themselves. Taxa of fish differ in

their sensitivity to selenium, with cold water fishes, such as salmonids, more sensij@e than

warmwater fishes. In laboratory studies, rainbow trout fry (Opcorhyn S) experienced

significant mortality when whole-body residues exceede

whole bod

exceeded

phic effects of selenium in natural populations of centrarchids

. The relationship between tissue selenium residues and the prevalence of
malformations approximated an exponential function over the range of 1-80 ppm selenium and

0-70% deformities (R?=0.881, P<0.01). Lemly concluded that this relationship could be used to

14



predict the role of teratogenic defects in warm-water fish populations suspected of having
selenium-reproductive failure. Hermanutz et al. (1992) observed pronounced mortality and

deformities in larval bluegill (Lepomis macrochirus) when breeding adults were experimentally

Juvenile fathead minnows (Pimeji i pwith inhibition at whole body tissue

is was also obgded in larval fathead minnows when adults were exposed to 10 ug/L
Bter (Schultz and Hermanutz 1990). Control and selenium-exposed fathead
minnow larvae had a 0.9 and 24.6 percent occurrence of edema, respectively, and a 5.6 and 23.4

percent occurrence of lordosis, respectively. Selenium residues in the fathead minnow embryos

15



spawned in the selenium-treated stream averaged 3.9 ppm wet weight (about 15.64 ppm when
converted to dry weight, assuming 80% moisture). Depending upon the specific tissue sampled,
concentrations of selenium in fish from control groups or habitats with low ambient selenium

levels usually ranged from 1 to 8 ppm (whole body would have lower levels than | or ovary

tissues) (Lemly 1993). However, tissue damage in major orggns, repr pairment, and
mortality were observed when levels reached 4 to 16 pp
between "normal” background and toxic levels , along
bioaccumulate in aquatic food chains, underscores the b portance of even slight

increases in environmental selenium.

@Opm in skeletal muscle, 10

fathead m

Area and Mg

W Waterbird Egoshell Thickness and Embryotoxicity

Eqgg collections for this study in 1992 and 1993 focused on nesting colonies of black-crowned

night-herons, and great and snowy egrets that have historically been located at both the north and
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south ends of the Salton Sea. The colonies were assigned names based on nearby roads and
waterways and are indicated in Figure 1. Most nest sites were on snags, dikes or islands

surrounded by 0.1 to 0.2 meters of water and were approached by kayak or small boat with an

SSNWR where they were refrigerated until transfer to the Ca

for processing.

Study 2. Black-Necked Stilt Nesting Proficiency

djacent to the

Black-necked stilt nests monitored in this study were located in May and June of 1993. Nests

were located along dike roads by sighting incubating adult black-necked stilts from a vehicle.

17



Nests were indirectly marked with a numbered piece of flagging attached to a flat metal washer
placed 20 m south of nest bowls. Eggs were emersed in water to determine the sequence in
which eggs were laid. For consistency, the first egg laid was collected for contaminant analysis

and all remaining eggs were returned to the nest bowl. When possible, egg handlig@took place

without the observer leaving the vehicle, to minimize the posgibility o scent trail for
predators. Nests were monitored at weekly intervals. W
present, nests were checked for hatching. Nest bowls

of eggshell fragments were considered nests which had

further hatchability analysis. Unhatched eggs were al minant analysis.

d of desert pupgh. Sailfin mollies (Poecilia latipinna) were collected to represent the
dens of the endangered desert pupfish. Of the fish species inhabiting irrigation
drains, the sailfin molly was thought to be a reasonable surrogate for the pupfish. Sailfin mollies

are native to the Southeastern U.S. and Mexico. Mollies are primarily vegetarians that feed on a

18



variety of algae and detritus. Sailfin mollies have been introduced to the Salton Sea area where

they are thought to compete with desert pupfish due to similarities in feed habits (McGinnis

1984).

pllected, so in case only a metal scan analysis was conducted on that sample. All other
poth a metal scan analysis and an organochlorine scan analysis. Chemical
concentrations in the mollies from each of the three trap locations along a drain were averaged to

determine the geometric mean chemical content of mollies in that drain. In one drain (W Drain)

19



there was unexplained mortality of desert pupfish in two traps. That situation presented the
opportunity to conduct contaminant analysis on desert pupfish to compare with mollies collected

at the same location.

Analytical chemistry methods for the bird and fish tissues is detailed i X 1. Geometric
means and ranges for these data are provided in Tables 3

concentration data.

Results and Discussion

Study 1. Colonial Waterbird Eqggshell Thicknes

Relatively low numbers of colonial waterlyg s ) on Sea in 1993 and eggs
for this portion of the study were col jagl¥ Bnd included failed to hatch eggs

(William Radke, SSNWR Biolog ' ion). In some cases, two eggs were

bryos removeg@nd observed for gross deformities. The contents from 10 great egret and
¥0s were submitted for further analysis including a detailed examination for

malformed embryos and chemical analysis.

20



In calculating average eggshell thickness measurements for each species, averages were first
calculated for sibling eggs from the same nest, and then the nest averages were combined for the
species average. The average eggshell thickness measurements for the snowy egret was

0.207+0.024 mm (n=21), 0.282+0.024 mm (n=29) for great egrets, and 0.247+0.0

night-herons.

Little information is available regarding normal shell

environments, but Ohlendorf and Marois (1990) report

%l ppm WW DDE (Ohlendorf and Marois 1990).

21



Seventeen egret eggs contained embryos that could be examined for embryonic malformations.

Of those, five embryos had some sign of deformity and three embryos exhibited some signs of

embryo toxicity but did not show defects. The malformations observed in the egret embryos are

ytion that meritg@ditional investigation. When considered together, the rate of embryo
0 in this study in great and snowy egret eggs was 29 percent (5 of the 17 egret
eggs containing embryos that were of adequate condition and stage of development for

examination). If this incidence of abnormal embryos is actually representative of the Salton Sea

22



population of fish-eating birds, then the rate is approximately 100 times higher than the typical
incidence of abnormal embryos (Skorupa, USFWS, personal communication). It would be

desirable to conduct additional field work on egrets nesting at the Salton Sea to determine if rates

locations, if they exist.

Geometric mean concentrations of the principleg and great egret eggs

collected at the Salton Sea in 1993 are preg in el rage moisture and lipid

In this study great egret eggs on average contained over 2.7 times the
than eggs observed in 1985. On a individual egg basis, birds are at

increased risk of reproductive failure when selenium concentrations in the egg is5.1-20 ppm

23



(Skorupa et al. 1992). Therefore, 30% of the snowy egret eggs and 100% of the great egret eggs

were in that reproductive depression range due to their selenium concentrations.

measured in that study. The maximums from both sno

this study exceeded the maximum of 20 ug/g WW me ned night-herons by

Ohlendorf and Marois (1990). The mean for g

able by Ohlendorf and Marois (1990) because it contained 24 ug/g WW DDE
in 1985. Three other snowy egret egg samples and six other great egret egg samples individually

exceeded the 8.0 ug/g level described by Custer et al. (1983) and Henny et al. (1984).

24



The geometric mean boron concentration in great egret eggs was 0.73 ug/g DW and the single
snowy egret with measurable quantities of boron contained 0.77 ug/g DW (Table 3). Because
these amounts are below the 3 ug/g DW level associated with reduced weight gain in ducklings

(Smith and Anders 1989), egrets do not seem to be at risk to boron toxicity.

Toxaphene is a persistent organochlorine pesticide that w, esent in

0 be examined in detail for malformations and all of the 38 stilt eggs collected
in 1992 were submitted for chemical analysis. In 1993, 40 stilt eggs were collected from several

locations around the Salton Sea. Twenty-eight of the stilt eggs collected contained embryos that

25



could be examined in detail and all 40 eggs collected in 1993 were submitted for chemical
analysis. Each of these 1993 nests was observed for nest proficiency (defined as producing a full

clutch of viable eggs) and those results are presented below.

The principal contaminants observed in each of the stilt eggs gollected nd 1993 are

presented in Tables 4 and 5, respectively. On a populati contained
geometric mean of 6.60 ug/g DW selenium (range 3.74
a geometric mean of 5.82 ug/g DW selenium (range 3.6
Salton Sea black-necked stilt populations are, on aver Concern for bird hazard
(BOR 1993).

The number of stilteggs collected frgg P92 and considered at increased risk to
hatching failure because of selenj presenig@n Figure 3. In both years of the study,
95% of thg ®lenium, meaning the nests those eggs came

from were )l than if the eggs contained less than 4.2 ppm selenium

(Ohlendorf et g

ed .47 ug/g DW boron in 1992 and 1.09 ug/g DW boron in 1993

of these geometric mean concentrations are below the 3 ug/g DW

B boron affects to duckling growth (Smith and Anders 1989).
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The stilt eggs also contained geometric mean concentrations of 2.02 ug/g WW DDE in 1992 and
2.48 DDE in 1993. In 1993, when 40 stilt eggs were sampled, a single stilt egg was found to
contain 23 ug/g WW DDE, a value twice as high as the 12.0 ug/g WW maximum observed when

84 stilt eggs were analyzed in the 1988-90 NIWQP irrigation drainwater study of

area (Setmire et al. 1993). Levels of DDE associated with regroductiv n black-necked
stilts is not specifically known, but adverse effects occur}

DDE.

The fatg pests monitored at the Salton Sea in 1993 is presented in Table
e proficiency data set was analyzed to determine the proportion of
mpairment by having 1 eggs that failed to hatch. Of the 37 nests

tull term nests that were not preyed upon, abandoned or destroyed. However,
four of those full term nests were excluded from further analysis because their fate was

ambiguous in that at least one egg from each nest was known to have hatched, but the fate of the

27



remaining eggs could not be determined (these four nests are indicated in Table 5 as having
hatched 1+ eggs). One full term nest (ElImore Ranch 1) was observed to initially contain a full

clutch of eggs and, although the fate of two eggs in that nest was unknown, the nestdid contain

13% of the black-necked stilts nests studied were affecte

Normally, only 8.9% of stilt nests with less than 4.1 pp in their eggs have >1 fail-to-

ore, there is agdparent small (4.5%) effect in black-neck stilt reproduction that is
OWN exposure-response data, and there is good reason to consider it
biologically real. However, due to the small magnitude of effect, and the low statistical power of

the sample size of 23 nests, the possibility that the result represents pure chance cannot be

28



rejected. For example, a chi-square comparing the null expectation of 2.0 impaired nests (and
21.0 unimpaired, i.e., 8.9% impaired, the background rate) against the observed ratio of 3

impaired nests and 20 unimpaired nests yields a chi-square value of <1.0 (d.f.=1), which does not

could realistically be achieved over several nesting seas

The avian reproductive hazard in the Salton Seg Sentation at the 1994

Salton Sea Symposium (Skorupa 1994). elation between waterborne

could be predicted that approximately 11.9% (or, when rounded to the nearest
whole number of nests for this sample set, three) of Salton Sea stilt nests would be affected by

hatching failure. In fact, 13% (i.e., three) of Salton Sea stilt nests were observed to be affected

29



by hatching failure in this study. Therefore, black-necked stilts nesting at Salton Sea appear to
display the same selenium exposure response described for birds in other localities (Skorupa
1994, USFWS 1995). This demonstrates again the taxonomic and geographic robustness of the

selenium toxicity thresholds currently established for birds, and that a large amou predictive

information about bird reproductive hazard can be obtained sj 1 e concentration

of selenium in the environment and the egg.

This study demonstrated that black-necked stiltsare a g to monitor for selenium-

ing Sailfin Molly Surrogates

13 agricultural drains. The principal contaminants detected in

mollies and dgd#t pupfish collected in drains around the Salton Sea in 1994 are presented
etric mean boron concentrations in the fish ranged from 3.3 to 28.0 ug/g DW,
with the maximum concentration (32.3 ug/g) observed in mollies from Trifolium 12 Drain. It is

not possible to compare these boron results with those of the NIWQP Detailed Study (Setmire et
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al. 1993) because in that study the boron reporting limit in sailfin molly tissues was 18 ug/g. The
results are difficult to evaluate further because there are no boron criteria or effect levels for fish.
Geometric mean DDE concentrations in mollies ranged from 0.03 to 0.93 ug/g WW, with the

higher DDE concentrations seen in fish collected from the Vail 7 Drain (0.51 ug/ E), the R

Drain (0.59 ug/g DDE), and the Trifolium 23 Drain (0.93 ug/g DDE). centrations of
DDE are not hazardous to the fish themselves, but some
Sciences 1 ug/g organochlorine pesticide threshold for
1972). Also, the more elevated DDE concentrations pro
contamination in a particular drainage system. This i utilized to determine if

particular drainages are contributing more bioa

others.

In the case of W Drain, where bg ilfi Fert pupfish were collected and

b 6 ppm DW selenium and so were at the Level of Concern for warmwater
fishes (BOR 1993). Sailfin mollies in two other drains (Avenue 76 and Trifolium 18) contained

6.4 and 10.2 ug/g selenium, respectively, and so were over the toxicity threshold (>6 ppm ) for

31



warmwater fish reproductive hazards. Selenium hazards to desert pupfish is not precisely
known, but they may have a sensitivity similar to that of the fathead minnow, another warmwater
fish in the same family, Cyprinidae (Dr. Steve Hamilton, National Biological Service, personal

communication). Juvenile fathead minnows exhibit growth inhibition at whole b

a significant increase in edema and lordosis (curved spin
adults where exposed to selenium water at concentratio
concluded that 4 ug/g DW selenium be considered thet
of and reproductive vigor of freshwater fish. Therefor:

reproductive risk in many of the drains where thg

Bs examined in detail. A variety of defects were observed, including the
unusual malformation of a twin embryo joined at the body but with a single head, but none of

these malformations were considered typical selenium-induced terata. The deformities observed

32



could be related to the multiple kinds of contaminants observed in the egret eggs, but these kinds

of synergistic effects are poorly understood. Chemical analysis of the egret embryos indicated

the egg selenium content ranged from 3.5-9.9 ug/g DW, levels that put the birds at risk to

ble to migrato®pecies, including possible sources in Mexico. However, arecent study by
ates that there is no clear evidence for increased bioaccumulation of DDE for
migratory species while wintering in Mexico. The limited data suggest that bioaccumulation is

similar in Mexico and the Southwestern United States. The reported declines in colonial nesting
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bird success at the Salton Sea is likely to be related to the high levels of multiple contaminants in

these fish-eating birds, particularly organochlorines.

The status and nesting success of colonial waterbirds in the Salton Sea area needs gflitional and

routine evaluation. The extent to which contaminants-induced reprod re is influencing

ack-necked sti/@#tudy indicates that this species is likely to be experiencing selenium-
e depression. Nesting proficiency of Salton Sea area stilts was 4.5% lower
than that reported for stilts with low selenium exposure (USFWS 1995), with 13% of the full

term stilt nests affected by having at least one egg that failed to hatch. The geometric mean
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selenium content of the stilt eggs (6.60 ug/g in 1992 and 5.82 ug/g in 1993) places the stilts at a
four-times greater risk to reproductive depression due to egg mortality than if they had selenium

levels below 4.1 ppm (Skorupa 1994). The stilts at Salton Sea did not exhibit selenium-induced

one egg from each nest.

One aspect that needs to be considered when evz ecked stilts is their

e to the reproductive effects

To summarize the management implications of this study, the reproductive depression in birds

due to both selenium and DDE, hazards to the endangered pupfish, and levels of selenium in fish
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as a dietary food item have emerged as the most serious concerns for fish and wildlife resources
in the Salton Sea area. The biological hazards relative to persistent contaminants in the Salton
Sea area are now more clearly understood and the information indicates which species and
endpoints are most relevant to efforts at improving and monitoring the Salton Sea g@gtaminant

issues, with respect to NIWQP responsibilities.

Bncentrations in a fish-eating species of bird, such as a heron or egret would be

appropriate to evaluate the success of efforts to limit DDE bioavailability in the aquatic system.
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Appendix 1

Analytical Chemistry Methods for Bird Tissues

ChemicalChemical analyses for inorganic compounds in birdChemical analyses fg@inorganic compounds in bi

Institinstitutelnstitute (Relnstitute (Research Triangle Park, NC). El alyzed included arsenic, alumin

750 watts reduced to 15 minutes. heating at 450 watts reduced to 15 minutes. Residuesheat
laboratorylaboratory pure water.laboratory pure water. Graphite furnace atomic absorption measurements for arse

(USEPA(USEPA 1984) were (USEPA 1984) were made(USEPA 1984) were made with a Perkin-Elmer 2
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specspectspectrometer.spectrometer. Cold vapor atomic absorption measurements for mercury (USEPA 198

conducted using SnC,, as a reducing agent with a Leeman PS200 Hg Analyzer.

ChemicalChemical analyses for organic compounds in bird tissues were perfor at Mississippi State

ChemicalChemical Laboratory (Starkville, MS). included organochlorine

pesticidespesticides (OCs), polychlorinatedpesticides (O -nonachlor,pest
werewere thoroughly mixed with anhydrous sodium su drous sodium sulfa

hexanehexane for seven hours. Extracts were conce
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Analytical Chemistry Methods for Fish Tissues

Chemical analyses for inorganic elements in fishChemical analyses for inorganic elements in fish tissues were pe
America,America, Inc. (Madison, WI). Analysis includedAmerica, Inc. (Madison, WI). Analysis included quant

tissuetissue analysis described above. Percent moisture wastissue analysis describegdsove. Percent moisture was

inin a microwave digester. Emission intensities were ¢ ssion intensities we

usingusing a Thermo Jarrell Ash ICAP 61Eusing a Ther sh ICAP 61E spectrometer, with the spectron
backgroundbackground and interbackground and inte d and interfering elements. Mercury a
absorptionabsorption spectroscopy (USEPA 19 ; singabsorption spectroscopy (USEPA

educed with sodium borohydride for deterrr

R4) on a Perkin-Elmer Zeemspectroscopy (USEPA 1984) on a Perkin-Elmer Z
itric acid in a microwave digester. Arsenic was determined atdigested v
g selenium was determined at 19and selenium was determined at 196.0 nr

oyed in the analysis, and standard additions wereemployed in the analysis, and stand

OrganicOrganic analyses of the fish Organic analyses of the fish samples Organic analyses of the fish samples \

TheseThese methods included the determination of OCsThese methods included the determination of OCs andThe
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deltadelta BHC. Percent delta BHC. Percent moisture was dedelta BHC. Percent moisture was determined &
aluminumaluminum pan. Samples were dried in an oven at 105 C for 16 hours and allaluminum pan. Samp
desiccatordesiccator before bedesiccator before beingdesiccator before being desiccator before being weidesiccator k

thethe percent moisture: [mass the percent moisture: [mass (g) pan +the percent g@isture: [mass (g) pan + wet

of PCBs from the OCs was carried out in a silica gel column. and separation of PCBs from the
elutedeluted witheluted with petroleum ether and the second fraction was extracted using a mixture of 1%eluted witl

19%19% hexane and 80% methylene chloride.19% hexane and 80% methylene chloride. 19% hexane and 80% metf
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DanishDanish apparatus, followed by dilution with hexane and a repeat of the concentration step. The
fractionsfractions underwent electron captufractions underwent electron capturefractions underwent electro

chromatograph for quantification of individual constituents.

AnyAny use of trade, product, or firmAny use of trade, produgt, or firm this report is for descriptive purg

imply endorsement by the U.S. Government.
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