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ABSTRACT- - Sedi nent and fish were collected fromlInperial, C bola and Havasu
National WIldlife Refuges (NWR) in 1988-89 to assess |levels and potential effects
of seleniumand other trace elements on fish and wildlife of the | ower Col orado
River. Al sedinent trace el ement neans were simlar anong refuges and there

were no differences between site nmeans and Arizona background | evels. There

was a 2- to 4-fold increase in chromumand a 3- to 5-fold increase in selenium
concentrations in sedinents from 1986 to 1989 at Topock Marsh (Havasu NVR).

Cadmiumin fish equalled or exceeded background | evels in three sanples.
Chrom um resi dues were usually higher in fish fromMartinez Lake (Inperial NAR)
than in sanples from Ci bola Lake (G bola NWR) and Topock Marsh. Copper was
present at background levels in G bola Lake sanpl es; however, four of seven
sanples from Marti nez Lake and one of four from Topock Marsh contai ned

el evat ed copper. Lead was not detected in Martinez Lake fish but was present in
all C bola and Topock whol e body sanples. Mercury was bel ow background

levels at all sites. Al seleniumconcentrations in fish were greater than the
Nat i onal Cont am nant Bi ononitoring Program (NCBP) 85th percentile indicating

wi despread sel eni um contam nati on of |ower Col orado Ri ver backwater habitats.
Whol e body levels varied fromO0.89 to 4.39 ag/g wet wei ght, considerably above
the NCBP 85th percentile level of 0.73 ag/g. Fifty-three percent of the fish
sanpl es exceeded the m nimumthreshold | evel where seleniumeffects on fish
reproducti on have been noted. Mean sel enium | evels have renai ned stable in

Col orado River fish from 1984 to 1989.

Arsenic and nmercury in fish pose little hazard of secondary poisoning to fish-

eating avi an predators. Cadm um however, exceeded the concern |evel for
secondary poisoning in one sanple. Seleniumlevels in fish were within the range
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of those that affected reproduction of sone | aboratory birds, but below | evels
found in food chain organi sns at highly contam nated Kesterson Reservoir

Humans consumi ng carp from G bol a Lake coul d exceed the nmaxi mum daily

i ntake of cadm um by eating nore than 200 g (7 oz.) of fillets. Chromiumin one

| ar genout h bass and one carp fillet from Martinez Lake equal |l ed or exceeded the
normal dietary intake. A person would exceed the maxi mum pernissible
seleniumintake of 224 ag if that person ate nore than 45.0 to 49.1 grans (1.6-
1.7 ounces) per day of largenmouth bass fillets from Martinez Lake. Simlarly, the
al | onabl e daily sel eniumintake could be exceeded if a person ate nore than 58.6

g (2.1 oz) of bass fillets from Ci bola Lake and 38.5 g (1.4 oz) of |argenouth bass
from Topock Marsh a day. Since consunption of as little as 2.1 ounces of

| argenouth bass fillets on a daily basis fromsone | ocations on any of the refuges
coul d exceed the acceptable intake, we reconmend that each refuge consider

fish consunption advisories in selected areas of known hi gh contam nation.

| NTRODUCTI ON

Hazards to wildlife associated with el evated sel eni um concentrati ons were first
docunmented at Kesterson National WIldlife Refuge (NWR), California in 1986 when
nunerous wat erbird enbryos were found dead and deformed with high sel eni um
concentrations in tissues and eggs (Ohlendorf et al. 1986). Water used to irrigate
crops in the San Joaquin Valley, California dissolved naturally occurring sel eni um
salts in the soil. Wen the seleniumladen irrigation water was drained from
agricultural fields into Kesterson Reservoir, potentially harnful |evels of selenium
accunul ated in fish and aquatic invertebrates used as foods by waterbirds

(Ohl endorf et al. 1986, OChlendorf et al. 1988). The discovery of waterbird
nortalities on a National WIldlife Refuge |linked to sel eniumtoxicosis focused
attention on other refuges where wildlife may al so have been affected. O
particul ar concern was the potential for seleniumcontam nation on refuges

| ocated in western United States where soil sel eniumwas known to be el evat ed

and where crop irrigation could exacerbate the potential problem In a nationw de
sanpl i ng program conducted by the U S. Fish and Wldlife Service (Service) for
contam nants in fish, the National Contam nant Bi ononitoring Program ( NCBP)
reveal ed that five of the ten highest nean sel eni um concentrations occurred in
fish fromthe | ower Col orado River (Schmitt and Brunmbaugh 1990). Fol |l ow up
sanpling in 1986-87 at nunerous sites along the | ower Col orado River confirned
that sel enium concentrations in water exceeded the 75 percent (% nationa

baseline | evel and seleniumin fish approached concentrati ons associated with
reproductive inpairnent (Radtke et al. 1988). O particular inportance was the
potential effects of seleniumon the reproduction and survival of the endangered
razor back sucker (Xyrauchen texanus) and Yuma cl apper rail (Rallus longirostris
yumanensi s) which inhabit aquatic habitats along the | ower Colorado River. In
response to those concerns, this investigation was undertaken to docunent

sel enium and other trace elenent levels in sedinents and fauna of | nperial,

Ci bol a and Havasu NWRs (Fig. 1).

STUDY AREAS AND METHODS

Approxi mately 20% of the 260 ha (640 acre) Martinez Lake lies within the
boundari es of Inperial NVR The remaining 80%is managed by the State of

Arizona. There are dredged channels at both north and south ends of the | ake

that permt restricted water exchange with the Col orado River. There are limted
agricultural return flows into the |ake fromfarmfields on Inperial NAR Sedi nent
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and fish were collected from Marti nez Lake on May 2-3, 1988.

Fish were collected from C bola Lake (C bola NAR) during Novenber 1988 and

May 1989 and sedi nent was taken in May 1989. WAter control structures at each
end of the | ake connect the 240 ha (640 acre) Ci bola Lake to the Col orado River.
The | ake does not receive irrigation return fl ows.

3

At Havasu NWR, fish were collected from Topock Marsh during Septenber and
Decenber, 1988, and sedi nent sanples were taken during May, 1989. Topock

Marsh receives water fromthe Colorado River via a 6.4 kminlet. A series of

di kes contain and divert water to different parts of the 1 ,600 ha (4,000 acre)
i mpoundnent . Topock marsh does not receive agricultural return flows. Mrtinez
Lake, Cibola Lake and Topock Marsh are considered " backwater areas;' areas

that have |imted flow or flushing from Col orado Ri ver waters.

Fi ve sedi nent subsanples were taken at each site by Ekman dredge and then
honogeni zed using a stainless steel spoon and pan into a single conposite

sanpl e. Approximately the top 10 cm of sedinment was collected with each
subsanpl e. The conposite sanple was then placed in an acid rinsed tared gl ass
jar, weighed, sealed with a teflon lined lid and placed on wet ice until the sanple
could be transferred to a comrercial freezer. Fish were collected by

el ectroshocking, gill, trammel or seine net, or by hook and |line. Fish were

wei ghed and neasured then pooled in five-speci nen conposites of near equal

| ength and wei ght for each species. For fish commonly caught for human
consunption, both whole body sanples and fillets (edible portions) were taken.
These included | argenouth bass (M cropterus sal noi des), conmmon carp

(Cyprinus carpio), channel catfish (lctalurus punctatus), black crappie (Ponoxis
ni gromacul atus), and blue tilapia (Tilapia aurea). Wwole body sanples only were
taken for flathead catfish (Pylodictis olivaris), bluegill sunfish Lepom s
macrochirus), redear sunfish (L. mcrolophus) and striped bass Mrone

saxatilis). Both whole body and fillet sanples were wapped in alumnumfoil and
pl aced on wet ice until they were transferred to a commercial freezer for storage
until chem cal anal yses. The nunber of sanples and species of fish collected at
each site is listed in Table 1.

Fish from Ci bol a Lake and Topock Marsh were anal yzed for al um num anti nony,
arsenic, beryllium cadm um chrom um copper, iron, |ead, nmanganese, nercury,
ni ckel, selenium thalliumand zinc. Sedinent sanples fromall three areas and
fish fromMarti nez Lake were anal yzed for the sane trace elenents |isted above,
pl us barium boron, magnesi um nolybdenum silver, strontium and vanadi um

Sel eni um and arseni ¢ were anal yzed by atom c absorption hydride and nercury

by cold vapor reduction. Al other trace el ements were anal yzed by inductively
coupl ed pl asma at om c emi ssion spectroscopy. Sanples were anal yzed at the
Environnental Trace Substances Research Center, Colunbia, M ssouri. Chemn cal
nmet hodol ogy and reports net or exceeded Patuxent Analytical Control Facility
Qual ity Assurance and Quality Control standards. Trace el enent concentrations
are reported on a dry weight basis with wet weight equivalents |isted where
appropri ate.

Trace el enent concentrations in sedinents were conpared anpbng sites using a
one-way anal ysis of variance (ANOVA). VWhen no differences were detected

4
anong sites, the data were conbined to forma |larger sanple size and then
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conpared with Arizona and western United States baseline sedi nent val ues using

a Student's t-test (Table 2). There was an insufficient nunber of fish sanples per
site to run statistical conparisons. Trace el enent concentrations in fish were
conpared with levels reported in the NCBP for fish collected in 1976-1984 from
109 stations nationw de (Schmtt and Brumbaugh 1990). Concentrations of an

el ement were considered el evated when they exceeded the 85th percentile of the
nati onwi de geonetric nmean. The 85th percentile was not based on toxicity

hazard to fish, but provides a frame of reference to identify elenents of potentia
concern.

RESULTS AND DI SCUSSI ON

Sedi nent - - Ei ght een of 22 trace elenents were detected in sedinent sanpl es
(Table 2). None of the trace elenent neans varied significantly anong the three
areas (PO 0.1616, ANOVA). \Wen the data were conbined for all three sites,
there was no difference between sanple site neans and Ari zona background

| evels (P = 0.1259, t-test). Concentrations of three elements fell outside the
expect ed 95% range devel oped by Radtke et al. (1988) using data of Shacklette
and Boerngen (1984) for trace elenments in soils in western United States. Both
bari um and nol ybdenum were bel ow t he 95% range. Seleniumat 2.4 ag/g dry

wei ght, however, was well above the 95% expected range of 0.039-1.4 ag/g.

No historical data are available for contam nant levels in Martinez Lake sedi nents.
At C bol a Lake, concentrations of arsenic, beryllium chromum copper, iron,
manganese, nickel, and zinc in sedinents collected in 1989 (this study) were

about one-half those in sedinents collected in 1990 (Rusk 1991). The

significance of these differences is not clear.

Topock Marsh sedinents collected in 1989 contained concentrations of only two

el enents, chrom um and selenium that were significantly different than levels in
sanples collected in 1986 (Radtke et al. 1988). In 1986, chrom umvaried from41l
to 43 ag/g dry weight in three sanples collected near the marsh inlet (Radtke et
al. 1988); those levels were two-to four-tinmes greater than the 10 and 21 ag/g
fromour 1989 study. Seleniumin Topock sedi nent sanples collected in 1986
(Radt ke et al. 1988) ranged fromnot detected (one sanple) to 0.6 ag/g (two

sanpl es) and were considerably lower than the 1.5 and 2.2 ag/ g val ues recorded

in our 1989 sanpl es.

Fish--Thirteen trace elenents were recovered in fish tissues (Tables 3,4, and 5).
Al umi num was present in all whole body and fillet sanples. Wol e body
concentrations ranged from 11l ag/g dry weight in striped bass from Martinez

Lake (Table 3) to 807 ag/g in blue tilapia fromC bola Lake (Table 4).

5

Largenmout h bass, a largely predatory species, contained relatively |Iow |evels of
al um num (5. 3-8.5 ag/g) conpared to other species collected at the sane site.
Four conposite sanples of five whole body carp each collected from Topock

Marsh in 1986 contained from18 to 27 ag/g al um num (Radtke et al. 1988) which
was slightly lower than the 39.3 ag/g alum numrecorded in carp from Topock
Marsh during this study.

Arsenic was present in 14 of 15 whole body sanples and in all fillets. Wole

body concentrations ranged fromnot detected to 0.75 ag/g dry weight (Tables 3
and 4). None of the whole body sanpl es contained el evated (0 NCBP 85th

http://orion.cr.usgs.gov/dec_reports/10/report.html (4 of 14) [10/17/2000 1:21:59 PM]



Published Reports
percentile) arsenic residues (Table 6).

Berylliumwas recovered in six of seven whol e body sanples from Marti nez Lake,

in three of five sanples from Ci bola Lake and in one sanple from Topock Marsh
(Tables 3,4,5). Berylliumwas present in all species except |argenouth bass. The
maxi mum concentration was 0.12 ag/g dry weight in a Martinez Lake carnp.
Background | evels of berylliumin fish tissues have not been establi shed;
therefore, interpretation of concentrations found in this study are not possible.

Boron was anal yzed only in Martinez Lake sanples. Boron was present in al
sedi nent sanples (Table 2) but was not detected in fish (Table 3).

Cadm um was detected in 13 of 15 whole body fish sanples. None of the fillets
from Martinez Lake contai ned cadm um whereas all fillets from G bola Lake and
three of four from Topock Marsh had neasurabl e cadm um concentrations. The

hi ghest whol e body concentration, 0.2 ag/g dry weight, was present in both
catfish and blue tilapia from C bola Lake and in catfish and carp from Topock
Marsh. Cadm um equal | ed or exceeded the NCBP 85th percentile of 0.05 ag/g

wet weight in three sanples (Table 6). A black crappie from Topock Marsh
contai ned 0.25 ag/ g cadm um about five tines the background | evel.

Chromi um was generally present in whole body sanples at 02.4 ag/g dry

wei ght. The one exception was a carp from Martinez Lake with 4.1 ag/g.
Avai | abl e evi dence suggests that >4.0 ag/g dry weight chromumin fish tissues
shoul d be viewed as evidence of chrom um contam nation (Eisler 1986).
Chrom um resi dues were usually higher in fish fromMartinez Lake than in those
from Ci bola Lake and Topock Marsh.

Copper was extrenely el evated | evel, 18.8 ag/g wet weight, in one carp sanple
fromMartinez Lake (Table 3). This concentrati on was about eight tinmes greater
than the next highest level in fish fromany of the three refuge sites and was
simlar to the highest copper concentration (23.1 ag/g) detected during the 1976-
1984 NCBP sanpling (Schmtt and Brunmbaugh 1990). Copper |evels varied

greatly anong speci es and anong areas. At Martinez Lake, copper varied nore

6

than 15-fold within the sanme species (Table 3). None of the sanples from C bol a
Lake had el evated copper |evels. In contrast, four of seven sanples from
Martinez Lake and one of four from Topock Marsh contai ned copper at greater
than the NCBP 85th percentile (Table 6). Four conposite sanples of carp
collected from Topock Marsh in 1986 varied fromO0.38 to 0.49 ag/g wet wei ght
(Radt ke et al. 1988) which was slightly lower than the 0.74 ag/ g wet weight
detected in the topock Marsh carp sanple collected during this study.

Iron and manganese were present in all whole body sanples and dry wei ght
concentrations varied from64-802 and 3.1-24.6 ag/g, respectively. Background
| evels for these trace elenents in fish and their propensity to bioaccumul ate
t hrough the aquatic food chain to predators are not well known.

Lead was not detected in Martinez Lake fish but was present in all C bola Lake
and Topock Marsh whol e body sanpl es. None of the C bola Lake fillets

cont ai ned | ead; however, |ead was recovered in three of four fillet sanples from
Topock Marsh. The NCBP 85th percentile for |lead was 0.22 ag/g wet wei ght

(Schmtt and Brunbaugh 1990). All whol e body sanples from G bol a Lake and

three of four from Topock Marsh exceeded background | evel s. The hi ghest
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concentration (0.94 ag/g) was nore than four tines greater than the NCBP
concern |level (Table 6). W have no explanation as to why el evated | ead | evels
were detected in alnost all G bola Lake and Topock Marsh whol e body sanpl es,
but | ead was not present in Martinez Lake fish.

Mercury was present in all whole body and fillet sanples and indivi dual
concentrations ranged fromO0.01 to 0.06 ag/g wet weight. Al nercury |evels
were bel ow the NCBP 85th percentile of 0.17 ag/g wet weight (Table 6). For the
protection of sensitive species of birds that regularly consune fish and ot her
aquatic organisnms, total mercury concentrations in prey itens should probably

not exceed 0.1 ag/g wet weight (Eisler 1987). None of the whole body fish

sanpl es collected during this study approached the 0.1 ag/g concern | evel.

Unli ke nost other trace elenments, nmercury residues were higher in the fillets than
i n whol e body sanpl es, suggesting that nercury concentrates in muscle tissue.

The hi ghest nercury concentration detected in fish fillets fromthe | ower Col orado
Ri ver Refuges was 0.12 ag/g wet weight, well below the suggested U. S.

Envi ronmental Protection Agency (EPA) maxi mnum acceptable daily intake |evel of
<1.0 agy/g (EPA 1985).

Ni ckel was recovered in all but two sanples from Martinez Lake and in one from
Ci bol a Lake but was not detected in fish from Topock Marsh. N ckel residues
>0.9 ag/g wet weight in fish can be considered elevated (R Erwin unpub. data.)
The hi ghest | evel recorded in our study was 0.4 ag/g (Table 3). There are no
national standards to determ ne at what |evel nickel is toxic to predators. The
potential for bioaccunul ation of nickel also is not well known.

7

Al'l sel enium concentrations in fish were greater than background | evels indicating
w despread sel eni um contam nation of the |ower Col orado Ri ver backwater

habi tats. \Wol e body concentrations varied fromO0.89 to 4.39 ag/g wet weight,
consi derably above the NCBP 85th percentile level of 0.73 ag/g. There was no
consi stent pattern as to which fish species accumnul ated sel eniumto hi ghest

| evels. Seleniumin the largenouth bass fillet sanple collected from Ci bol a Lake
was 8.6 ag/g dry weight, slightly higher than the 5.1 ag/g reported by Wl sh and
Maughan (1993) for |argenmouth bass fillets collected fromCi bola Lake in 1990.
The hi ghest nmean NCBP sel eni um concentration in whole body fish sanpled in

1984 was 2.3 ag/g wet weight in common carp from Martinez Lake (Schmitt and
Brunbaugh 1990). Sel eni um concentrations in carp sanpled during this study

varied from2.18 to 2.37 ag/g wet weight indicating that seleniuml|evels have
remained fairly constant at Martinez Lake since 1984. At Topock Marsh,

| argenout h bass and carp collected in 1980 contained 3.3 and 2.9 ag/ g wet

wei ght selenium respectively (Radtke et al. 1988), slightly higher than the 2.18
and 1.54 ag/g recorded in bass and carp collected fromthe sane area in 1989.

During the 1984-85 NCBP nati onwi de nonitoring program carp collected from
four Col orado River stations (Lake Powel |, Lake Mead, Lake Havasu, and
Martinez Lake) contained from1.35 to 2.3 ag/g selenium All sanpl es exceeded
the NCBP 85th percentile. Carp from Marti nez Lake contai ned the hi ghest
seleniumlevel (2.3 ag/g) of fish collected fromthe four stations. Small nouth
bass al so were collected fromfour Colorado River stations (Lake Powell, Lake
Havasu, Martinez Lake and the Col orado River at Yuma). All sel enium
concentrations in bass exceeded the NCBP 85th percentile and the highest
concentration (2.08 ag/g) was al so recorded in sanples from Marti nez Lake.
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Zinc was recovered at elevated (0 34.2 am/g wet weight) concentrations in 27%
(4/15) of the whol e body sanples (Table 6). Martinez Lake had the greatest
nmean zinc |evel of 32.6 ag/g and the highest individual concentration of 82.1
a/g. Little is known about bioaccumul ation of zinc through the aquatic food
chain to predators such as fish-eating birds.

Resi due inplications for fish--It was not possible to conpare residue | evels anong
speci es because too few sanples were collected at each | ocation. However, the
foll owi ng generalizations can be made regardi ng contam nant |evels in individual
species. At each | ake, |largenouth bass generally were the | east contam nated
speci es and conmon carp the nost contam nated. All whol e body carp sanples

had el evated concentrations of three trace elenents. Carp from Martinez Lake
had hi gher than background | evels of copper, seleniumand zinc whereas carp
from C bola and Topock Marsh had el evated concentrations of |ead, selenium

and zinc. Carp accunulated zinc nore readily than other species; all whol e body
sanples (n = 4) contained zinc in excess of the NCBP 85th percentile. This
finding is consistent with concl usions of other authors who reported that the

8
comon carp apparently accunul ates zinc to a greater extent than other species
(Lowe et al. 1985, Schmitt and Brumbaugh 1990).

Wth the possible exception of selenium |evels of trace el enents were bel ow
concentrations known to affect fish survival and reproduction. The hi ghest wet

wei ght whol e body sel eni um concentration recorded in this study was 4.39 agy/ g,
slightly below the 6.9-7.2 ag/g wet weight |evel associated with sel enium induced
reproductive failure of bluegills at seleniumcontam nated Hyco Reservoir in North
Carolina (G|l espie and Baumann 1986). In a conprehensive sunmary of
seleniumthreshold effect levels, Lenmly and Smith (1987) reported that sel enium

i nduced reproductive failure was associ ated with whol e body sel eni um
concentrations of approximately 2.76 ag/g wet weight, (converted from12 &g

dry wei ght assumng 77% noisture). A related study concluded that |evels of 2
ag/ g wet weight or nore seleniummy be indicative of concentrations that could
cause toxic effects (Baumann and May 1984). Fifty-three percent of our fish
sanpl es exceeded 2.0 ag/g wet wei ght seleniumconfirm ng that about one-half

of the refuge sanples were at the threshold where seleniumeffects on fish
reproducti on have been noted. Sel eniumsensitive species such as bluegill and

| ar genout h bass were present in all backwater areas sanpled. However, we do

not know if they were recruited in backwater areas or if juvenile fish noved into
the backwaters from other areas.

Residue inplications for fish-eating--The trace elenents nost |likely to cause
reproductive problens in birds are arsenic, cadm um nercury and sel eni um
(Eisler 1985, 1987, 1988; OChlendorf 1986, 1988). Wile the acute effects of
arseni ¢ have been investigated, little is known about sublethal chronic effects
except that arsenic is readily accumul ated by aquatic organi sns. Based on data
summari zed by Eisler (1988), arsenic at |evels recovered in Col orado River fish
fromthe three NMRs, apparently poses little hazard of secondary poi soning to
avi an and mamral i an predators. Secondary hazards of cadm um poi soning to

avi an predators m ght be expected if dietary levels reach 0.1 ag/g (Ei sler 1985).
Only the Topock Marsh bl ack crappi e sanple exceeded this concern | evel. The

maxi mum concentrati on above which nmercury effects on fish-eating avian

predators can be expected is 0.1 ag/g wet weight (E sler 1987). None of the fish
sanpl es contained nmercury at concentrations that approached this 0.1 ag/g
concern | evel
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An assessnent of the secondary hazards of seleniumto waterbirds is

conplicated by its occurrence in nature in many different chem cal forns that vary
greatly in their toxicity (Heinz, in press). The ability of seleniumto interact with
other elenents also conplicates an interpretation of toxic thresholds. In

| aboratory studies, diets containing 5 and 7 ag/g dry wei ght sel eniumas sodi um

sel enite caused reduced hatching success in chickens (Ot and Latshaw 1978).

Mal | ards (Anas platyrhynchos) fed a dietary concentration of 25 ag/g sodi um

9

selenite al so experienced reproductive problens (Heinz et al. 1987). Sel eni um

| evel s greater than 5 and 7ag/g (the |owest levels to affect birds in | aboratory
studi es) occurred in 87% of the whol e body fish sanples from our | ower Col orado
Ri ver sites. Mean seleniumlevels in insects comonly consunmed by birds at

sel eni um cont am nat ed Kesterson Reservoir varied from?22.1 to 104 ag/g dry

wei ght. The | evel of selenium contam nation detected in fish fromthe | ower

Col orado River was within the range that affected reproduction of |aboratory

bi rds, but below | evels found in food chain organi sns at the highly contam nated
Kest erson Reservoir where massive avian reproductive failure and adult nortality
occurred.

Resi due inplications for humans--In the United States, there is no U S Food and
Drug Adm nistration (FDA) action |level for lead in fish, but an edible tissue

gui deline often cited as the upper limt for consunption by adults is 0.3 ng/day
(EPA 1980). Lead was not detected in fish fillets fromMartinez and Ci bol a | akes.
The hi ghest concentration in fish fillets from Topock Marsh was 0.2 ag/g. At this
concentration, an adult would have to consune 1500 g (3.3 pounds) of fish fillets
to ingest 0.3 ng of |ead.

Unli ke nost other trace elenments, nmercury residues were higher in the fillets than
in whol e body sanpl es. The hi ghest nercury concentration detected in fish fillets
fromthe | ower Col orado Refuges was 0.12 ag/g wet weight, well bel ow the FDA
standard of 1.0 ag/g (EPA 1985).

Under the best case scenario for human health protection, cadm umdietary

i ntake shoul d not exceed 12 ag/day wet weight (Eisler 1985). The maxi nmum

cadm um concentration in fillet sanples was 0.06 ag/g wet weight in a blue tilapia
from C bola Lake. A person should eat no nore than 200 g (7 o0z.) per day to

mai ntain a best case scenario.

Estimates vary fromO0.03 to 0.3ag/g wet weight for the normal dietary intake of
total chromumin the human di et (Ecol ogical Analysts 1981). One | argenouth
bass and one carp fillet sanple from Martinez Lake equal |l ed or exceeded 0.3
ag/g total chromumlisted as the maxi mum normal human di etary intake.

Except for a drinking water standard of 10 ag/L (EPA 1986) there is no current
FDA action level for seleniumin food for human consunption. In California, the
Departnment of Health Services (CDHS) has established an interim interna

gui dance level for seleniumin the human diet. CDHS will consider or issue a
heal t h advi sory when sel eni um concentrations in waterfow flesh approach or
exceed 2 ag/g wet weight or about 7.7 ag/g dry weight (Fan et al. 1988, Saiki et
al. 1991). CDHS and the California Departnment of Fish and Gane (CDFG) issue
consunption advisories in the CDFG annual Sport Fishing Regul ati ons war ni ng
"Because of el evated seleniumlevels, no one should eat nore than 4 oz. of fish
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fromthe Gassland area, Merced County, in any two week period. Wnen who

are pregnant, or may soon becone pregnant, nursing nothers, and children age

15 and under should not eat any fish fromthis area."” (CDFG 1989). Al fillet
sanples from Martinez Lake, two of four from Ci bola Lake, and three of four fillets
from Topock Marsh approached or exceeded the 2 ag/g California concern |evel.

Sel eni um concentrations in two | argenouth bass fillets from Martinez Lake were
2.22 and 2.42 ag/g wet weight (Table 3). Seleniumin bass fillets from G bol a
Lake and Topock Marsh were 1.86 and 2.83 &g/ g, respectively. EPA (1986) set
the allowable daily intake of seleniumin the human diet at 224 ag per day for
subchroni ¢ exposure (several weeks to several nonths). This acceptable daily

i ntake has a 15-fold safety factor applied to the | owest intake concentration, 3,200
&g/ day, associated with human toxicity (Yang et al. 1983). Estinmates for daily
seleniumintake for the U S. population vary 60 to 170 ag/day (in Fan et al.
1988, Wel sh and Maughan 1993). Using the fornula proposed by Fan et al.

(1988), the Maxi mum Perm ssible Intake (MP1) of fish for human consunption can
be cal cul ated as foll ows:

ADI - D

MPI =

C

Wer e:

ADI = Acceptable Daily Intake - 224 &g/ day;

DI = Daily Intake fromall other sources;

C = Concentration of seleniumin fish

Assum ng a daily seleniumintake from other sources of 115 ag/day (m dpoint in
the EPA estimated 60-170 ag consunption range for U S. citizens), an adult

woul d exceed the Maxi num Perm ssible Intake | evel of 224 ag if they ate nore

than 45.0 to 49.1 grans (1.6-1.7 ounces) per day of |argenouth bass fillets from
Martinez Lake. Simlarly, the daily intake could be exceeded if an adult ate nore
than 58.6 g (2.1 oz) of bass fillets daily fromCi bola Lake and 38.5 g (1.4 oz) of
| argenout h bass from Topock Marsh. Qur results for daily intake |evels are
slightly lower than those of Wl sh and Maughan (1993) who reported that the
subchronic all owabl e daily intake of seleniumcould be exceeded if a person ate

0 164 g (5.8 0z) per day of bass fillets from G bola Lake based on 1.0 ag/g
seleniumin bass fillets collected in 1990.

The average fish consunption in Arizona is 6.5 g/day (Wl sh and Maughan

1993), the sane as the national per capita consunption of freshwater and

esturaine fish (EPA 1980). The risk to the average Arizonan of consum ng

excessive seleniumvia fish in the diet is unknown; however, subpopul ati ons exi st
whi ch may consune | arge quantities of fish fromthe Col orado Ri ver (Wl sh and
Maughan 1993). M grant and sem -pernmanent agricultural workers as well as

native Anericans in the |lower Colorado River valley likely supplenent their diet on

11

a regular basis with fish caught fromthe river and riverine backwater habitats.
Al so, fishing is a popul ar hobby with winter visitors who spend several nonths
each year along the Colorado River. It seens |likely that sone Col orado R ver
vall ey residents and visitors could easily exceed the nmaxi num al |l owabl e daily

i nt ake of sel enium by consumng only a small portion of |ocally caught fish per
day.

RECOVIVENDATI ONS
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Al t hough sel eni um concentrations in fish have renained relatively stable in recent
years, |levels are just below the range where fish reproduction may be affected.
Based on current high sel enium concentrations that approach the critica
reproductive effect threshold level in nore than one-half the sanples, regular
nmoni toring of fish on the | ower Colorado River on a three-year basis is
reconmended. Sel eni um concentrations in fish nay al so be within the range that
af fect reproduction of fish-eating birds resident or wintering in the area.
Endanger ed speci es concerns also dictate that nonitoring be continued, and
possi bl y expanded, to assess |evels and effects of sel enium and other

contam nants on the Yuma cl apper rail and razorback sucker popul ations

i nhabiting the Col orado River and associ ated backwater areas as well as other
aquatic habitats that receive Col orado River water such as the G enega de Santa
Clara in Mexico. A single unified contam nant nonitoring plan should be

devel oped for all |ower Colorado River National WIdlife Refuges.

In addition to routine contam nant nonitoring, an aggressive bi oassessnent
initiative is needed to determne the viability of fish populations in backwater and
riverine habitats. Subpopul ati ons of sel enium sensitive species such as sunfi sh,
crappi e and bass should be investigated to assess age and sex rati os,

reproductive, and overall body condition. Special enphasis should be placed on
determining if reproduction is occurring in backwater areas and if reproduction is
adequate to maintain stable populations. It should also be determned if toxicity

i's associated with areas of sedinentation and on-site bioaccumnul ati on connect ed

with the life histories of species primarily resident in backwater habitats.

On the basis of human heal th concerns, continued nonitoring of fish comonly
caught for consunption is nost urgent. Selenium and possibly cadm um and

chrom um concentrations in fish fillets are at |evels where only small portions
consuned on a daily basis may adversely affect human health. Wile this study
focused on backwater areas where contani nant |evels were suspected to be

hi ghest, future nonitoring should include all regularly fished waters.

Monitoring efforts should be expanded to include waterfow w ntering on refuge
| ands. Potential human exposure to seleniumfromeating waterfow flesh, and

12

particularly livers, nmay be as great or greater than seleniumintake via fish.
Consunption advisories, simlar to those issued in contam nated habitats of
California, should be considered for areas where fish and waterfow contain
sufficiently high seleniumand other trace el enent contam nation to pose a
potential human health risk
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(SEE ORI G NAL)

Figure 1. Location of Havasu, C bola and | nperi al
in Arizona

Table 1. Mean |l ength, weight and noi sture content of sanples collected at
Martinez Lake, Cibola Lake and Topock Marsh, Arizona- 1988-89.

Nati onal WIdlife Refuges

Mean Mean Prcnt

Area and sanpl e N sup] 1 Conmponent | ength (nm wei ght (g)y Mi st
Martinez Lake

Sedi nent 5 NA[ sup] 3 NA 54.8
Sedi nent 5 NA NA NA 39.9
Sedi ment 5 NA NA NA 52.9
Lar genout h bass 5 whol e body 393 342 5.7
Lar genmout h bass 5 edi bl e portion 278 228 (79) 79.8
Lar genmout h bass 5 edi bl e portion 335 383 (119) 79.8
Fl at head catfi sh 4 whol e body 422 708 78.5
Conmon carp 5 whol e body 368 656 76.3
Common carp 5 whol e body 362 565 #5510
Comon carp 5 edi bl e portion 355 623 (128) 79.2
Bl uegi | I sunfish 5 whol e body 148 71 75.7
Redear sunfish 5 whol e body 199 115 76.6
Striped bass 5 whol e body 380 519 72.6
G bol a Lake

Sedi nent 5 NA 145 NA 42. 0
Sedi ment 5 NA 130 NA 63.0
Lar genout h bass 5 whol e body 263 357 75.7
Lar genout h bass 5 edi bl e portion 421 1175 (384) 78. 4
Channel catfish 4 whol e body 400 532 11
Channel catfish 5 edi bl e portion 336 527 (128) 82.4
Common carp 5 whol e body 416 930 761
Common carp 5 edi bl e portion 429 1036 (231) 79.2
Blue tilapia 5 whol e body 187 129 72.:5
Blue til api a 5 edi bl e portion 192 144 (41) 78.1
Topock Marsh

Sedi ment 5 NA NA 174 46. 6
Sedi ment 5 NA NA 159 66. 8
Lar genout h bass 5 whol e body 287 352 75. 8
Lar genout h bass 5 edi bl e portion 309 412 (134) 79.8
Channel catfish 5 whol e body 328 249 79.3
Channel catfish 5 edi bl e portion 443 49 (110 80.8
Comon carp 5 whol e body 404 808 76. 3
Common carp 5 edi bl e portion 380 677 (171) 79. 2
Bl ack crappie 5 whol e body 189 106 75.5
Bl ack crappie 5 edi bl e portion 133 121 (40) 80.9
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1[ sup] N = nunber of individuals in each conposite sanple.
2[ sup] whol e body weight with fillet weight in parenthesis.
3[ sup] NA = not applicabl e.
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See Tabl e/ Figure

Tabl e 2. Conparison of trace elenents in sedinments fromthree
National WIldlife Refuge | akes | ocated on the | ower

Col orado River Arizona, wth background | evels, 1988-89

(SEE ORI Gl NAL)
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See Tabl e/ Fi gure

Tabl e 3. Trace el enment and heavy netal concentrations in fish from
Martinez Lake, Inperial National WIdlife Refuge, Arizona- 1988

(SEE ORI Gl NAL)
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See Tabl e/ Fi qure

Tabl e 4. Trace el enent and heavy netal concentrations in fish from G bola Lake,
Ci bola National Wldlife Ci bola National WIdlife Refuge, Arizona- 1989

(SEE ORI Gl NAL)
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Table 5. Trace el ement and heavy netal concentrations fish from Topock Marsh,
Havasu National WIldlife Refuge, Arizona- 1989

(SEE ORI G NAL)
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See Tabl e/ Figure

Tabl e 6. Conparison of trace el enent concentrations in whole body fish sanples
from Martinez Lake, Ci bloa Lake and Topock Marsh, Arizona with the

national baseline |evels

(SEE ORI Gl NAL)
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