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ABSTRACT- Water, sedinent, lizard, and avian sanples and fish (whol e body

and fillet) were collected in 1990 form several |ocations along the Gla and San
Franci sco Rivers in Arizona and New Mexico for organochlorine and trace

el ement anal ysis. Arsenic, cadm um and | ead concentrations in water were

slightly elevated above the 1992 Arizona donestic water source (DWS) criteria.
Cadmi umwas the only el ement recovered fromwaters on the San Carl os Apache
Reservation that was slightly el evated above the DW5 criteria. Concentrations of
organochl orine pesticides and sel enium were bel ow concentrations known to

af fect survival and reproduction of fish. Twenty-nine percent of catfish and carp
and 62% of |izard sanples had el evated | evel s of cadmi umthat approached or
exceeded the predator protection limt of 0.1 tg/g wet weight. Mercury levels in
69% of whol e body fish and 100% of fillet sanples equalled or exceeded the
threshold limt (0.1 tg/g wet weight) for fish-eating birds. One fish sanple had a
sel eni um concentrati on that exceeded the 3.0 tg/g dry weight |evel that may be
potentially harnful to fish-eating birds.

Current address: U S. Fish and Wldlife Service, 711 StadiumDr. East, Suite 252,
Arlington, TX 76011

| NTRODUCTI ON

The objective of this study was to survey the upper Gla River basin to determ ne
if waters from mning and agricul ture drai nages have the potential to cause
significant harnful effects on fish and wildlife resources. Elevated | evels of
organi ¢ and i norgani c contam nants have previously been identified in fish from
the project area (Schmtt and Brunbaugh 1990, Schmitt et al. 1990). Qur study
focused on water quality, contami nant inpacts to aquatic, reptilian and avian
resources on the Gla River and two of its nmajor tributaries, the San Francisco
and San Carlos rivers.

STUDY AREA
The Gla R ver headwaters drain the eastern Mgollon and western Bl ack ranges
of sout hwestern New Mexico, flow ng south-southwesterly toward Arizona
(M nckl ey and Sormerfeld 1979). The study area begins in the Duncan-Virden
Val l ey near the Arizona/New Mexico state line, in H dalgo County, New Mexico
(Figure 1). The Gla flows northwesterly to its confluence with the San Francisco
Ri ver. Approximtely 32 kilonmeters downstream fromthe confluence of the San
Francisco and Gla Rivers, near Solonon, Arizona, the river again turns northwest
and flows through the Safford Valley, G aham County (M nckley and Somerfeld
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1979). The river continues this course where it enters the San Carl os Reservoir
which is the western boundary of the study area. The San Carlos River flows
southward to the San Carl os Reservoir. The study area is generally considered
to be within a broad transition between Chi huahuan Desert to the east and
Sonoran Desert to the West (M nckley and Sonmerfeld 1979).

The San Franci sco River originates in the Mgollon R mof Arizona and New

Mexi co and flows southerly (LaBounty and M nckley 1972, M nckley and
Sommerfeld 1979). The river then diverts west, converging with the Blue River
before flowi ng southwesterly through difton, Arizona, to enter the Gla R ver
(M nckl ey and Somerfeld 1979). Terrain of the San Francisco River drainage is
general Iy nount ai nous, and this river is usually restricted to canyons.

The Gla River Basin, |lying nostly below 1,500 neters, is dom nated by
desertscrub (M nckley and Sommerfeld 1979). Ri parian woodl ands in steep,
narrow, nesic side canyons and gorges of larger perennial rivers are present

t hroughout the study area. At |ower elevations, slopes adjacent to the streans
support pinon-juni per woodl ands. Mst streans are directly bordered by

cott onwood- sycanore forests. In nost areas, where the floodplain is relatively
| evel , | ands have been nodified for agriculture.

2
The Gla River and its tributaries represent mpjor lotic waters and inportant
riparian habitats in southeastern Arizona. The Gla River and adjacent flood plain
provides a major recreation outlet for local residents. Fishing for catfish is
popul ar along the river fromGuthrie to Geronino, Arizona. San Carl os Reservoir
is considered a quality warmwater fishery and is utilized by nany people from
Tucson and Phoeni x. Murning dove (Zenal dura macroura)l white-w nged dove
(Z.asiatica), and quail (Callipepla squamata and Lophortyx gambelii) are
abundant and migratory waterfow are often observed in the valley.

This area is valuable for its nongane resources as well. ft is popular anpong bird
wat chers and wildlife photographers, particularly for its diverse avifauna.
Approxi mately 184 species of birds have been recorded al ong the upper Gla

Ri ver (BenhamBlair and Affiliates 1981)

Speci es of special inportance in the study area include two federally threatened
fish: spikedace (Meda ful gida) and | oach nminnow (Tiaroga cobitis), one federally
endangered fish: G la topm nnow (Poeciliopsis occidentalis occidentalis), and two
federal |l y endangered bird species: peregrine falcon (Falco peregrinus) and bald
eagle (Halil aeetus | eucocephalus). One pair of bald eagles nested in the San

Carl os Reservoir area during the study period.

Hl STORI CAL ACCOUNTS OF ENVI RONMENTAL CONTAM NANT DATA

Whol e body fish (predator and bottom feeders) fromthe Gla R ver at San Carl os
Reservoir have been nonitored for contam nant residues under the Nationa
Cont am nant Bi omoni toring Program (NCBP) since 1971. Detections included 15
organochl ori ne insecticides, three polychlorinated bi phenyls (PCBs), and seven
trace elenments. Since 1970, the national nean concentrations of PCBs, other
organochl orines, and arsenic, cadnmium |ead, and sel enium have declined
(Schmitt et al. 1990, Schmitt and Brumbaugh 1990). However, arsenic, cadm um
and | ead renni ned el evated above national baseline values In the study area.

The NCBP al so nonitored organochl orine residues in starlings (sturnus vulgaris)
collected in the Gla R ver Valley near Pima, Arizona from 1970 to 1985.

Det ections have included DDE, dieldrin, and PCBs. DDE residues in starlings
collected fromthis location in 1985 were the eighth highest of 125 sites sanpl ed
nati onwi de.
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VETHODS AND MATERI ALS

Sampling sites within the Gla River Basin included the San Francisco, Gla
(including San Carl os Reservoir) and San Carlos rivers. Water and sedi nents

were sanpled at 10 |ocations fromthe San Francisco (n=2), Gla (n=7), and San
Carlos Rivers (n=1), in New Mexico and Arizona fromJune to August 1990

(Table 1, Figure 1). Two additional water sanples were collected fromthe Gla

River fromsites 6 and 8. Fish tissues were sanpled fromthe San Francisco

River at site 2, fromthe Gla River at sites 4, 5, 6, 7, 8, and 9, and fromthe San
Carlos River (Talkalai Lake) at site 10 (Table 1). The Gla R ver flows through the
San Carl os Indian Reservation, and at the request of the San Carlos Apache tri be,

W conpared water quality with Arizona donmestic drinking water standards as

wel | as standard paraneters for fish and wildlife health. Wiptail lizards

(Cnemi dophorus spp.) were collected fromthe San Francisco River St site 2, from
the Gla River at sites 3, 4, 5, 6, 7, and 8, and fromthe San Carlos Ri ver (Talkala
Lake) at site 10 (Table 1). Red-wi nged backbirds (Agel ai us phoeni ceus) were
collected fromthe Gla River at sites 5, 6, and 7, and fromthe San Carl os Ri ver
(Tal kal ai Lake) at site 10 (Table 1).

Three unfiltered water sanples were collected at each |location in a one-liter

opaque plastic bottle with nitric acid (HNJ sub]3) preservative, a one-liter opaque
pl astic bottle with no preservative, and a 500-nmilliliter (m) opaque plastic bottle
with sulfuric acid (H sub] 2S0 sub] 4) preservative. Two additional water sanples were
collected in 1,000-m clear glass jars without a preservative and were not filtered.
Al water sanples were kept chilled in the field and later refrigerated in a
comrercial refrigerator. Water sanples collected fromall 10 sites in plastic
bottles were submtted to Anal ytical Technol ogies, Inc., Tenpe, Arizona within two
days after collection. Water sanples containing HNJ sub] 3 preservative were anal yzed
for arsenic, barium cadmum chromum |ead, nmercury, selenium and silver;

cal cium copper, iron, nanganese, nagnhesi um and zinc. Analytical results for

these elements are recorded as total recoverable. Water sanples with no

preservative were analyzed for fluoride, alkalinity, pH total dissolved solids,
hardness, chloride, and. sulfate. Water with H sub] 2SJ sub] 4 preservative was

anal yzed for

nitrate as nitrogen. Two water sanples collected in glass Jars were Submitted to

Pat uxent Anal ytical Control Facility (PACF) for organophosphate (OP)/carbanate

anal yses.

Three sedi nent sanples of simlar texture and particle-size were collected and
conposited into a single sanple at each site. Channel catfish (lctalurus
punctatus), flathead catfish (Pilodictis olivaris), carp (Cyprinus carpio), and

| argemout h bass (M cropterus sal noi des), were collected by gill net, backpack

el ectric shocker, trot line, and seine and arranged in five-speci mnen whol e body or
edi bl e portion (fillet) conposites of near equal weight and/or length for each
species. Wiiptail |izards were collected using a .22 pistol and | ead shot shells

4
and arranged in five-speci nen whol e body conposites. Red-w nged bl ackbirds

were coll ected using a shotgun and steel shotshells and arranged in five-

speci men whol e body (w thout the gastrointestinal tract, feathers, legs, and bill)
conmposites. A 12-gauge shotgun with #4 steel shot was used to collect the

bl ackbirds. Al sedinment and tissue sanpl es were wei ghed and neasured

following collection, kept on ice in the field until frozen in a commercial freezer
wi thin the same day.

Sedi nent and tissue sanples were later submtted for chem cal analysis through
PACF to designated contract |aboratories for organochlorine and trace el ement
anal yses. Organochl ori ne anal yses were conducted by the M ssisslppi State

Chemi cal Laboratory, M ssissippi State, M ssissippi. Trace el enent anal yses were
conducted by Hazelton Laboratories America, Inc., Madison, Wsconsin. One fish
sample (fillet) was subm tted through PACF to Radi an Corporation, Austin, Texas
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for dioxin/furan anal yses. PACF was responsible for assessing quality assurance
and control (QA QC) procedures for all contract |abs and QA QC met PACF
st andar ds.

Sedi nent, fish, lizard, and avian sanples were anal yzed for organochl orine
pesticides, including dicofol and total PCBs (Table 1). Organochl orine pesticides
and PCBs were anal yzed by el ectron capture gas chronat ography. The | ower

limt of detection was 0.01 tg/g, wet weight for all organochl orine pesticides and
0.05 tg/g, wet weight for toxaphene and total PC Bs. Percent npisture content

was determined for all tissue sanples. Organochlorine results are reported in

tog/g wet weight for fish, lizard, and avi an sanpl es.

Sedi nent, fish, lizard, and avian sanples were al so anal yzed for trace el enents
(Table 1). Arsenic and sel enium were anal yzed by atom c absorption hydride and
nercury by cold vapor reduction. Al other elenents were analyzed by inductively
coupl ed plasnma atom c em ssion spectroscopy. The lower linit of detection for al
trace elements varied anong sanples and is further defined in Tables 5, 6, 7 and
8. Results are reported in tg/g dry weight for sedinent and ftg/g wet weight for
fish, lizard, and avian sanpl es.

5
RESULTS AND DI SCUSSI ON

O ganophosphat es and Carbamates - Water sanples collected fromsites 6 and 8
did not have detectible | evels of organophosphate and carbamate conpounds.

Di oxi ns and Furans - No dioxins and furans were detected in the channel catfish
fillets collected fromsite 7.

Donesti c Water Source Standards - Ceneral chemistry and trace el enent

concentration results and conparative Domestic Water Source (DW5) standards

fromthe 1992 Arizona Water Quality Standards are presented in Table 2. Waters
inthe Gla River and its tributaries, San Francisco and San Carlos rivers, are
classified as hard water as deternined by the total alkalinity as CaCo[sub]3 (cal ci um
carbonate) results. Total alkalinity results ranged from 151 to 257.

The Arizona Water Quality Standards include DWS criteria for arsenic, barium
cadm um chroni um copper, lead and zinc (Table 2). The DWs criteria are

witten as total recoverable CT) or dissolved fraction (D). Arsenic concentrations
fromsites 1 and 3 (0.06T and 0.071T ng/l, respectively) exceeded the state

DW5s criteria for arsenic (0.05T ng/l). Bariumconcentrations in surface waters
ranging fromO0.04T to 0.5T ng/l were below the DWs criteria of 1.0p ng/l.
Cadmi um was recovered at |evels ranging fromnone detected to 0.009T ny/l,
however, levels at sites 1, 4, 5 and 10 exceeded the state DW5 criteria of 0.006T
mg/ 1. Chrom um was recovered (none detected to 0.08T ng/l) at |evels bel ow

the state DW5 criteria of 0.1T ng/l. The state DW5S criteria for copper is 1.0D
nmg/ 1 and val ues of none detected to 0.21T ng/l were below the criteria. Lead
recovered fromone site (0.078T ng/l) exceeded the DWs criteria of 0.C6T ng/l.
Zinc concentrations ranging fromnone detected to 0.31T ng/l were well bel ow

the state DWS standard of 5.0T ng/l.

Organochl ori nes

Sedi nent - DDE, the only organochl orine conpound detected in sedi nent, was
recovered (0.02 tg/g) in only one sanple at site 6.

Fi sh - Four of 23 organochl orine conpounds were detected in whol e body fish
tissue (Table 3). Heptachlor (as heptachl or epoxi de) was present in 55 percent
(6/11) of whole body fish sanples, primarily channel catfish (¢ 0.03%tg/g). The
hi ghest heptachl or concentration, 0.03 fg/g in |largenmouth bass from San Carl os
Reservoir (site 9), equaled the estimted NCBP 90th percentile of 0.03 fg/g
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based on data in Schmitt et al. (1990). Total chlordane was recovered in 55
percent (6/11) of fish sanples. However, the maxi mum chl ordane | evel (0.04
tg/ g) did not exceed the estimated NCBP 90th percentile of 0.24 fg/g. The

6
NCBP 90t h percentile is a subjective figure considered as a |evel significantly
hi gher than background concentrati ons.

DDE was recovered in all whole body and edible fish sanples (Table 3). Levels
of DDE in whole body fish ranged fromO0.01 to 0.25tg/g fromsites 2 and 91
respectively in channel catfish. Concentrations of DDE were bel ow t he NCBP
9O h percentile of 0.4 tg/g and below the National Academny of Sciences and
Nat i onal Acadeny of Engi neering (1973) DDT and netabolites criterion of 1.0
tg/ g, established for the protection of wildlife. Levels of DDE in edible fish
tissues ranged fromO0.01 tg/g in largenouth bass at site 9 to 0.12tg/g in
flathead catfish fromsite 7.

Twenty-seven percent (3/11) of whole body fish sanples contai ned DDD (Tabl e

3). Concentrations of DDD did not exceed the NCBP 90t h percentile of 0.25%tg/g

or the DDT and netabolites criteria (1.0 tg/g) established for protection of wildlife
(National Academy of Sciences and National Acadeny of Engi neering 1973). The

fillet sanples did not contain detectable |evels of DDD

Li zard - The only organochl orine recovered in whol e body western whiptail |izards
was DDE (Table 4). Sixty-two percent (5/8) of the sanples contained DDE and
concentrations ranged fromO0.01 fg/g at site 10 to 0.04 fg/g at site 6.
Concentrations were bel ow the National Acadeny of Sciences and Nati onal

Acadeny of Engineering (1973) DDT and netabolites criterion of 1.0 fg/g,

est ablished for protection of wildlife.

Avian - The only organochl orine detected in whole body red-w nged bl ackbirds
was DDE (Table 4). Levels of DDE ranged fromO0.11 to 0.33 ftg/g at respective
sites 10 and 6. Concentrations did not exceed the DDT and netabolites criterion
(1.0 tg/g) for the protection of wildlife (National Academy of Sciences and
Nati onal Acadeny of Engineering 1973).

| norgani ¢ El ement s

Sedi nent - Eighteen of the 23 inorganic elenents were detected in sedinent
sanmples for nearly all sites (Table 5). Arsenic concentrations ranged from 1.9
fg/g at site 4 to 14.61g/g at site 10. Al |evels exceed the International Joint
Commi ssion (1JC) (1988) background | evel of 1.1 tg/g, dry weight for sedinent.
However, concentrations of arsenic did not exceed the 95 percent baseline for
western soils of 22 tg/g (Shacklette and Boerngen 1984).

Cadmiumin sedinments ranged fromnone detected to 9.9 pg/g (Table 5). A
concentrations exceeded the | JC sedi ment background | evel of 0.6 tg/g.

Sedi nents fromsite 2 (9.9fg/g) were approximately 16.5 tines the background
| evel .

7
Chrom um was recovered from9 to 41 tg/g in sedinents with site 10 having the
hi ghest concentration. Lead concentrations ranged from7 to 22tg/g with site 8
showi ng t he hi ghest concentration. Both chrom um and | ead concentrati ons were
bel ow the 1JC background level of 37.1 and 27.5%g/g, respectively.

Sediments fromsites 1, 2, and 5-10 contained el evated (@ | JC background | evel)
copper residues (Table 5). The hi ghest concentration of copper (521 tg/g, site
2) was nearly 25 tinmes greater than the background | evel (20.8 tg/g). Copper in
sedinents fromsites 1, 2, and 9 al so exceeded the 95 percent baseline of 90
tg/g for western soils (Shacklette and Boerngen 1984). Sedinents fromsite 2
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are |l ocated downriver fromthe active Phel ps- Dodge copper mine in Mrenci,
Arizona therefore, copper exposed fromthe nmine activities nay be settling into
sedi nents downstream Site 1 is |ocated above the Phel ps- Dodge copper mi ne.
Soils in this area may be rich in copper thus resulting in high copper |evels.

Mercury was recovered in sedinents fromsites 1, 2, and 9 (Table 5) and

exceeded the | JC background | evel of

0.03 fg/g. The highest concentration from

site 2 (0.161g/g) was bel ow the 95 percent baseline for western soils (Shacklette

and Boerngen 1984).

The hi ghest concentrations of vanadium (86 tg/g) and zinc (177 tg/g) were
recovered fromsite 2 sedinents. Sedinent at this |ocation exceeded the |JC
background | evel for zinc by 1.5 tinmes. There is no |JC background | evel for

vanadi um Al um num beryllium iron

magnesi um ni ckel, and strontium were

recovered at their highest concentration fromsite 2 (Table 5). No |JC sedi nent
background | evel s have been established for these el enents.

Barium and thalliumin sedinents were recovered at the highest concentration

fromsite 10 (Table 5). Manganese (1,

concentration fromsite 8. Boron was

072 tg/g) was recovered at its highest
recovered (18.4tg/g) at its highest

concentration from San Carlos reservoir (site 9). Established |IJC sedi nent
background | evel s have not been determ ned for barium boron, nmanganese and

thal lium

Fish - Sixteen of 21 inorganic elenents were recovered in fish tissue (Table 6).
Twent y-ei ght indi vidual sanples contained trace el enents above the NCBP 85th
percentile (Schmitt and Brumbaugh 1990). Al umi numwas recovered in all whol e
body and fillet sanples. Wole body concentrations ranged from 7tg/g in

| argenmout h bass to 163fg/g in carp from San Carlos Reservoir (site 9).

Al umi num concentrations were simlar

anong fillet sanples. No conparabl e data

are avail able to assess whet her al um num concentrations reported in this study
were el evated or within normal background range.

8

Arsenic was detected in all whole body and fillet sanples (Table 6).
Concentrations in whole body |argenpbuth bass (0.3fg/g) from San Carl os

Reservoir (site 9) exceeded the NCBP
| evel s in whol e body tissue declined
0.14-0.18tg/g, 1990 = 0.01 tg/g) and
- 0.3tg/g) collected from San Carl os
The fillet sanples contained simlar

Bari um was present in all whole body
Concentrations in whole body sanpl es
Carlos Reservoir (site 9) and | owest

85th percentile of 0.27tg/g. Arsenic
slightly from 1984 to 1990 in carp (1984 =
in |argemouth bass (1984 = 0.43, 1990
Reservoir (Schmtt and Brumbaugh 1990).

| evel s of arsenic.

and fillet sanples (Table 6).
were highest in carp (4.3 tg/g) from San
in flathead catfish (0.5 pg/g) fromsites 5 and

7. Each fillet sanple contained 0.5tg/g of barium No conparable data are
avail abl e to assess whether barium concentrations reported in this Study were

el evated or within normal background

range.

Cadm um was detected in 38 percent (5/13) of the whole body sanples (Table

6). The 0.1 tg/g cadmiumlevel in carp collected from San Carl os Reservoir in
1990 was slightly | ower than the 0.161tg/g levels reported in two carp coll ected
fromthe same area in 1984 (Schmitt and Brunbaugh 1990). Cadmi um was not
detected in San Carl os Reservoir |argenouth bass whol e body sanpl es coll ected
in 1990, but 0.01 tg/g cadmi umwas reported in bass sanples collected fromthe
sanme area in 1984. These data suggest a possible decline in cadmumin fish
from San Carlos Reservoir from 1984 to 1990. Cadmi umin channel and fl at head

catfish and carp (0.1 tg/g) exceeded

the NCBP 85th percentile by 2-fold. These

five sanpl es contai ned cadmi umat levels (0.1 tg/g, wet weight) considered to
pose secondary hazards of cadm um poisoning to avian predators (Eisler 1985).
Fillet sanples did not contain detectable |evels of cadm um
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Chronmi um was present in all whole body sanples and ranged fromp.1 pg/g in
channel catfish fromthe San Francisco River (site 2), to 1.0 tg/g in carp from
San Carl os Reservoir (Table B). The only fillet sanple with chrom um (0.2 tg/Q)
was flathead catfish fromsite 7. Cadmiumin fish tissue fromthis Study did not
exceed the 4.0 tg/g dry weight (appx 0.8 tg/g wet weight) |evel considered as
evi dence of chrom um contamination (Ei sler 1986).

Copper was equal to or exceeded the NCBP 85th percentile (1.0 tg/g) in 62
percent (8/13) of the whole body sanples (Table 6). The hi ghest concentration
incarp (2.1 tg/g) fromsite 6 exceeded the 85th percentile by 2-fold. Carp
coll ected from San Carl os Reservoir in 1990 contained 1.6tg/g co per. Two

carp sanmples collected fromthe sanme area in 1984 contained 0.92 nd 1.15 tg/g
copper. Wile copper levels in San Carl os Reservoir carp increased from 1984 to
1990, copper in |largenputh bass declined slightly fromO0.88 to 0.6tg/g during
the sane tinme period (Schnmitt and Brunbaugh 1990). Copper was detected at

0.03 fg/g in all fillet sanples.

9
I ron, magnesi um and manganese were present in all whole body sanples and
concentrations varied from 19-226, 305-562, and 2-8.3fg/g, respectively (Table
6). Iron and magnesium varied from4-16 and 231-3l5%g/g, respectively, for al
fillet sanples. Ml ybdenum concentrations in whole body fish rang d from none
detected to 1.0 tg/g and nol ybdenum was not detected in fillet 5 pies.
Manganese and nol ybdenum were not detected in fillet sanples. Background
|l evels for these trace elenents in fish and their tendency to bioaccunul ate
t hrough the aquatic food chain to predators are not well known.

Lead ranged fromO0.02 to 0.27 pg/g in tw carp and one | argenouth bass
collected from San Carl os Reservoir in 1984 (Schmtt and Brumbaugh 1990). In

contrast, |lead was not detected in any fish collected fromthe Gla River basin
i ncluding San Carl os Reservoir in 1990. These data suggest a decrease of |ead
in fish from San Carl os Reservoir from 1984 to 1990.

Mercury concentrations in whole body fish sanples were sinmilar to or exceeded

the NCBP 85th percentile of 0.11tg/g in 54% (7/13) of the sanples (Table 6).
Mercury levels in carp collected from San Carlos Reservoir in 1990, 0.08tg/g,

were simlar to carp collected fromthe same area in 1984, 0.08-0.1 tg/g. In
addition, mercury in largenmouth bass fromthe San Carl os Reservoir collected in
1990, contained simlar nercury levels (0.17tg/g) to bass (0.18 tg/g) fromthe
same area in 1984 (Schmtt and Brunbaugh 1990) therefore, concentrations of
nercury appear to be stable. Al fillet sanples contained 0.3 tg/g nmercury (Table
6). Schmitt and Finger (1987) stated that mercury is one of the few heavy netals
that tends to concentrate in the axial nuscles of fish. The levels of mercury
present in fish fromthe Gla River basin (0.1-0.3tg/g) are equal to or exceed the
0.1 tg/ g concentration that may cause adverse effects on fish-eating birds (Eisler
1987). Therefore, bald eagles, ospreys, and other fish-eating birds foraging in the
upper Gla River Basin may be ingesting potentially harnful |evels of nercury.

Sel enium was detected in all fish sanples and concentrations ranged fromO0.14 to
0.77 tg/g in whole body fish (Table 6). A channel catfish sanple fromsite 4
(0.771g/g) was el evated above the NCBP 85th percentile of 0.73tg/g (Schmtt

and Brumbaugh 1990). Seleniumin carp fromsite 6 (0.68tg/g) had a dry

wei ght value of 3.4 tg/g. This concentration exceeds the 3.0 fg/g, dry weight

val ue considered potentially lethal to fish-eating birds (Lemy 1993). Sel enium
levels in carp from San Carl os Reservoir increased slightly from 1984 (0.37-0.38
tog/g) to 1990 (0.51 tg/g)l but seleniumin bass however, declined slightly during
the same time period fromO0.52 to 0.45 tg/g (Schmtt and Brunmbaugh 1990).

Sel enium concentrations in fillets ranged fromnnone detected in flathead catfish to
0.51 tg/g in largenouth bass from San Carl os Reservoir (site 9). Selenium
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concentrations detected in fish whol ebody and fillet sanples were bel ow the toxic
effect threshold of 4 tg/g, dry weight (whole body) and 8 tg/g, dry weight (fillet)
for health and reproduction of freshwater fish (Lemy 1993).

10
Strontiumwas present in-all whole body and fillet fish tissues and concentrations
varied from 14-55 and 0.3-1.0 tg/g, respectively. Tin was recovered in whole
body and fillet sanples at |evels fromnone detected to 3.9 and 3.0 tg/g,
respectively. Vanadi um was present in whole body sanples but not in fillets
(Table 6). No conparable data are available to assess whether strontium tin,
and vanadi um concentrations reported in this study were elevated or within the
nor mal background range.

Zinc concentrations in all whole body carp (41.1-59.5tg/g) fromsites 6-10
exceeded the NCBP 85th percentile of 34.2tg/g (Schnitt and Brunbaugh 1990).

Zinc concentrations in carp collected from San Carl os Reservoir increased slightly
from 1984 (46.23 and 50.34 tg/g) to 1990 (54.3 tg/g). Zinc in San Carl os

Reservoir | argenouth bass also increased slightly during the sane tine period
from13.38 to 14.8 tg/g (Schmtt and Brunbaugh 1990).

Cadmi um rmercury and sel eni um concentrations in fish were detected at |evels
that may pose a threat to fish-eating birds in the Gla River basin. Cadm um may
pose a threat to fish-eating birds, however, cadnmiumlevels have decreased
slightly in fish tissue. Data suggest that alum num arsenic, chromum, iron,
magnesi um nol ybdenum strontium tin and vanadi um concentrations in the Gla

Ri ver basin are highest at the San Carl os Reservoir. These data suggest a
possi bl e decreasing trend in arsenic, a possible increasing trend in zinc and
relatively stable levels of copper, nercury and seleniumin fish froman Carl os
Reservoir. However, additional sanples are needed to deternmine if ese trends

are real or sinply short-termfluctuations.

Li zards - Nineteen of 22 inorganic elenments were detected in whol e body western
whiptail lizard tissues (Table 7). Al um num concentrations ranged from 134 at site
10 to 225 tg/g at site 4. No conparable data are avail abl e to assess whet her

al um num concentrations reported in this study were el evated or within norna
background range.

Antinmony (31 tg/g), arsenic (5tg/g), barium (3.7%tg/g), cadm um (0.31g/Qg)

and chromum (1.9 tg/g) concentrations were highest at site 3 (Table 7). No
conparabl e data on antinbny, arsenic and barium are available to assess

whet her concentrations of these elenents reported in this study were el evated or
wi t hi n nornmal background range. Concentrations of cadm um equal to or greater
than 0.1 tg/g were detected in 62 percent (5/8) of the sanples and may pose as
a secondary hazard of cadm um poi soning to avian predators in the Gla River
Basin (Eisler 1985).

Copper and thalliumconcentrations were highest in lizards fromsite 2. Copper
ranged from1.8-5.3 tg/g. Site 2 is |ocated downstream fromthe Phel ps-Dodge
copper mine on the San Francisco River. Concentrations of iron, nagnesium

11
and nmanganese ranged from 154-278, 486-581, and 3.7-6.1 tg/g, respectively.
Mercury levels in all lizard sanples ranged from0.03 to 0.07 tg/g and were

bel ow t he maxi num concentration (0.1 ftg/g) for protection of avian predators
(Ei sl er 1987).

Mol ybdenum and strontium were detected in nost lizard sanples (Table 7) and
varied from none detected-3.1 and 8-23fg/g, respectively. Background |evels

for these trace elenents in animals and their tendency to bl oaccurul ate through
the food chain to predators are not well known.
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Sel eni um was detected in all sanples with the highest concentration of 1.1 fg/g
at site 10 (Table 7). The dry weight equival ents of these val ues were below the 5
to/g (dry weight) dietary | evel considered to be toxic to predatory animals

(Ohl endorf et al. 1988).

Ni ckel was recovered in one-half the lizard sanples (Table 7). Concentrations
ranged from none detected to 2.5 tg/g. Vanadi um and zinc were present in

nearly all lizard sanples (Table 7). Concentrations varied from none detected-
and 40-53 tg/g, respectively. Background levels for these trace elenments in

ani mals and their tendency to bioaccumul ate through the food chain to predators
are not well known.

Avian - Fifteen of 22 inorganic elenents were detected in whol e body red-w nged
bl ackbird sanples (Table 8). Hi ghest concentrations of barium chroni um
magnesi um nol ybdenum strontium and vanadi um were present in red-w nged

bl ackbirds fromsite 6. However, blackbirds fromsite 7 had the highest
concentrations of alum num cadm um copper, iron, manganese, and sel eni um
Arsenic was recovered at 0.2tg/g fromall four sites and was within the reported
range (<0.05-1.4tg/g wet weight) for 1973 National Pesticide Mnitoring

Program (NPMP) sanpling of starlings (Wite et al. 1977). Al arsenic
concentrations exceeded | evels reported for starlings (0.05 ftg/g wet weight)
collected in Phoenix, Arizona (Wite et al. 1977).

Cadm umin red-wi nged bl ackbirds was within the reported range (<0.05-0.2

to/g wet weight) for 1973 NPMP sanpling of starlings (Wite et al. 1977).
However, cadm um concentrations fromsites 6 and 7 exceeded |evels reported

for starlings (0.05 fg/g wet weight) collected in Phoenix, Arizona (Wiite et al.
1977). Cadmiumlevels were below the dietary protection limt (0.1 ftg/g) for
predators (Eisler 1985).

One-hal f of the red-w nged bird sanpl es had nmercury concentrations (Table 8)
greater than the reported range (<0.01-0.2fg/g wet weight) for 1973 NPMP
sanmpling of starlings (Wite et al. 1977). Al levels in this study exceeded those
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reported for starlings (<0.01 tg/g wet weight) collected in phoenix, Arizona
(White et al. 1977).

Sel eni um concentrations ranged fromO0.3 to 1.0 tg/g and were within the

reported range (0.1-1.1 tg/g wet weight) for 1973 NPMP sanpling of starlings
(White et al. 1977). Seleniumin starlings fromsite 7 exceeded the reported
concentration by 2-fold for starlings collected in Phoenix, Arizona (Wite et al.
1977) .

Resi due inplications for human health - Arsenic, cadm um and | ead recovered
fromthe Gla and San Francisco rivers upstreamfrom Safford, Arizona were
slightly el evated above the DWs criteria for AWDS. Cadmi umwas the only

el ement recovered fromwaters on the San Carl os Apache Reservation (Tal kal ai
Lake) that was slightly el evated above the DWS criteria. However, based on the
sanpling techniques used, it is difficult to deternine if these levels p se any
threat to the drinking water source on the San Carl os Apache Reservati on.
Mercury concentrated at higher levels in the fillets than in whole body fish
sanmpl es. The hi ghest nercury concentration detected in fish fillets was 0.32 fg/g
wet wei ght from San Carl os Reservoir. However, these |levels were well below the
U.S. Food and Drug Adm nistration (FDA) action level of 1.0 tg/g wet weight
(FDA 1982).

Concentrations vary from0.03 to 0.1 ftg/g wet weight for the normal dietary
intake of total chromiumin the human diet (Langar and Norseth 1979). One
flathead catfish fillet sanple fromsite 7 exceeded the 0.1 fg/g dietary intake
| evel .

http://orion.cr.usgs.gov/dec_reports/24/report.html (9 of 14) [10/17/2000 1:18:20 PM]



Published Reports

Except for a donestic water source standard of 10 tg/l (USEPA 1986) there is no
current FDA action level for seleniumif food for human consunption (FDA 1982).

Resi due inplications for fish - O ganochlorine (heptachlor, chlordane, and DDE)
concentrations were generally higher in whole body fish fromthe San Carl os
Reservoir (site 9) than in fish fromother sites. However, |evels of these
organochl ori ne pesticides were bel ow concentrations known to effect survival and
reproduction of nost fish species (National Acadeny of Sciences and Nationa
Acadeny of Engi neering; 1973).

Sel eni um concentrati ons detected in fish whole body and fillets fromthe Gla River
basin were bel ow the respective 4 and 8tg/g dry weight | evels associated with
sel eni umi nduced reproductive failure of fish (Lemy 1993).

Resi due inplications for avian and nmammal i an predators - The trace elenents In
diets of birds and manmal s that are nost |likely to cause reproductive and
survival problenms are arsenic, cadmum nercury and sel enium (Ei sl er 1985,

1987, 1988; Onhlendorf et al 1986, 1988). Wile the acute effects of arsenic have
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been investigated, little is known about its sublethal chronic effects except that
arsenic |Is readily accunul ated by aquatic organisns. Based on d sunmarized
by Eisler (1988), arsenic at concentrations recovered in upper Gla River fish
apparently poses little hazard of secondary poisoning to avian and manmal i an
predat ors. Secondary hazards of cadm um poi soning to predators night be
expected if dietary levels reach 0.1 tg/g wet weight (Eisler 1985). Twenty-nine
percent of the catfish and carp and 62% of the lizard sanples fromthe Gla R ver
basi n contained concentrations of cadmi um that approached or exceeded this
threshold | evel . The mininmum concentration of nercury which may cause effects
on predatory fish-eating birds and mammuals is 0.1 and 1.1 fg/g wet weight,
respectively (Eisler 1987). Mercury levels in 69% of whole body fish (0.1 tg/Qg)
and 100% of fillet samples (0.3tg/g) throughout the Gla R ver basin equalled or
exceeded the threshold |limt for fish-eating birds but not mammal s. Fish
t hroughout the G la River basin including San Carlos Reservoir contained | evels of
mercury consi dered hazardous to foraging osprey, bald eagle and herons. One
fish sanple had a sel enium concentrati on exceeding the 3.0 tg/g dry weight |evel
that may be potentially lethal to fish-eating birds (Lemy 1993).

RECOMMVENDATI ONS

Cadmi um concentrations detected in fish and reptiles in the study area exceed

the dietary level for the protection of predatory wildlife in the Gla River basin.
Mercury concentrations observed in fish throughout the study area are within the
range that affect survival and reproduction of fish-eating birds, resident or
wintering in the area. Based on current high cadm um and nercury

concentrations that approach the critical reproductive effect threshold |evel in
nore than one-half the sanmples, regular nonitoring of fish on the upper Gla River
on a three-year basis is recommended. Sel enium concentrations in one fish

sanpl e exceeded the dietary |level for protection of avian predators. Therefore,
nmonitoring for seleniumin fish tissue should be done in conjunction with the
cadm um and mercury nonitoring.
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Figure 1. Gla River Basin study area and collection sites, Arizona and New Mexi co,

1990

(SEE ORI Gl NAL)

Table 1. Gla River Basin collection |ocations Arizona and New Mexi co, nedia tested

and 1990.
W= water, S = sedinent, F = fish tissue, L = lizard tissue and A = avi an tissue.
Site Station WAt er OC & Trace PCDDY oP/
Nunber Locati on Chem stry El ement s[ sup] 1 PCDF2
Car bamat es[ sup] 3
1 San Franci sco Ri ver W S

above Cifton
2 San Franci sco River W S, F L

bel ow Cifton
3 G la River above W S L

Vi rden
4 Gla River at GQuthrie W S, F, L
5 Gla Riverat W S, FL,A

San Jose

6 Gla Riverat Pinm W S, FL A F W
7 Gla River at Ft. Thonas W S FL A
8 Gla River at Byl as W S F L w
9 San Carl os Reservoir W S, F
10 Tal kal ai Lake at San W S FL A

Carl os River

[sup] 1 bc - Organochiorine pesticide scan (includes 20 pesticides and total PCBs).

Trace elenments - include 14

el ements (A, As, Be, Cd, C, Cu, Fe, Hg, Mn, N, Pb, Sc, Tl, Zn)

2PCD/ PCDF - Pol ydil ori nated di bul dodi oxin and fliran scan

[ sup] 3 OP/ Carbamates - Organophosphate pesticide scan (includes 24 conmpounds),
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carbamat e pesticide scan (includes
6 conpounds)
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See Tabl e/ Figure
Table 2. General chem stry and trace el enent concentration water results (ng/l)
conpared with 1992 Ari zona doneati c water source
criteria (nmg/l) fromUpper Gla R ver Basin, Arizona and New Mexi co, 1990.

(SEE ORI Gl NAL)
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Table 3. Organochlorine concentrations in fish whol e body and edible
portion tissue (tg/g wet weight) fromthe Upper Gla River Basin, Arizona,
1990.

Tot al p, p' p,p' Percent

Site & Species Hept achl or chl ordane DDE DDD  Moisture
NCBP 90 Percent?2 0.03 0.24 0.4 0. 25
2

Channel catfish 0.02 0.01 0.01 <0.01 73.0

Fl at head catfi sh* <0. 01 <0. 01 0.02 <0.01 79.0
4

Channel catfish 0.02 0.02 0.03 <0.91 74.0

Fl at head catfish <0.01 <0.01 0.03 <0.01 79.0
5

Channel catfish 0.02 0.02 0.03 <0.91 72.5

Fl at head catfish <0.01 <0.01 0.02 <0.91 77.0
6

Carp <0. 01 <0. 01 0.15 <0.91 80.5
7

Fl at head catfish <0.01 0.01 0.12 0.91 78.0

Carp <0. 01 <0. 01 0. 09 0.01 75.5

Fl at head catfi sh* <0. 01 <0. 01 0.12 <0.01 80.0
8 <0. 01

Carp <0. 01 0.03 <0.01 76.0
9

Channel catfish 0.02 0.03 0. 25 0.01 73.0

Carp <0. 01 <0. 01 0.12 <0.01 76.0

Lar genput h bass 0.03 0.04 0.10 <0.01 71.5
Channel catfish* <0.01 <0.01 0.11 <0.91 78.5

Lar genput h bass* <0.01 <0.01 0.01 <0.01 78.5
10

Carp 0.01 <0. 01 0.05 <0.91 73.5

[ sup] 1 Hepatachl or as heptachi or epoxide

2Nat i onal Cont am nant Biononitoring Program 90th percentile 1984,
estimated, fg/g wet weight (Schmtt et al. 1990)

*Edi bl e portion

20

Table 4. Concentrations of p,p' DDE in |lizard and avi an whol e body
tissues (tg/g wet weight) fromUpper Gla R ver Basin, Arizona, 1990.
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Vst ern Wi pt ai l Per cent Red- wi nged Per cent

Site Li zard Moi st ure Bl ackbird Mji st ure
2 <0.01 71,5 NA[ sup] 1 NA

3 <0.01 72.5 NA NA

4 <0.01 71.0 NA NA

5 0. 02 69.0 0. 26 69.0

6 0. 04 70.0 0.33 69.5

7 0. 02 72.5 0.20 71.7

8 0. 02 69.0 NA NA

10 0.01 71.5 0.11 69.0

[sup]1 NA - not anal yzed
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See Tabl e/ Fi gure
Table 5. Trace el ement concentrations in sedinment (tg/g dry weight) fromthe Upper
Gla R ver Basin, Arizona, 1990.

(SEE ORI Gl NAL)
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See Tabl e/ Fi gure
Table 6. Trace el enent concentrations in channel catfish (C catfish),flathead
catfish(FH catfish), carp and | argenout h bass
(LM bass) tissue (tg/g wet weight) from Upper Gla River Basin, Arizona, 1990.

(SEE ORI Gl NAL)
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See Tabl e/ Fi gure
Table 7. Trace el enent concentrations in whiptail lizard[sup]l tissue (tg/g wet
wei gth) from Upper G la River Basin
Arizona, 1990.

(SEE ORI Gl NAL)
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See Tabl e/ Fi gure
Table 8. Trace elenent concentrations in red-w nged bl ackbird tissue (tg/g wet
wei ght) from Upper Gla
Ri ver Basin, Arizona, 1990.

(SEE ORI GI NAL)
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