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INTRODUCTION: During the spring, summer, and early fall of 1990, samples of
aquatic invertebrates and plants, fish, amphibiana, adult migratory birds,
mallard ducklings, and bird embrycs were collected in an 80-mile stretch of
the San Juan River in New Mexico. The San Juan River supports a remnant
reproducing population of the Federally endangered Colorado squawfish,
candidate razorback sucker, wintering bald eagles, and thousands of migratory
waterfowl.

The study focused on the San Juan River and wetlands that were created or
enhanced by irrigation drainage from four DOI sponsored irrigation projects:
the Hammond, Navajo Indian, Fruitland, and Hogback. . Complete analytical
results are available for both the Hammond Project and Navajo Indian.
Irrigation Project (NIIP). The Fish and Wildlife Service is awaiting the
analytical results of aquatic invertebrates, plants, and fish collected from
waetland sites on the Fruitland and Hogback Projects. These data should be
received within the next several weeks. ‘

METHODS: Fish in the river were captured by electrofishing. Ffish in drains
or wetlands were captured by seining and using light traps. Water dogs {(tiger
salamanders) were captured by seining, light traps, orx minnow traps. Adquatic
plants were handpicked. These samples were then composited according to
species and location. Adult birds and mallard ducklings were collected using
a shotgun with steel shot. Embryos were collected by searching for nests and
determining embryo development by the egg flotation method (Westerkov 1950).
If embryo development had proceeded to within 2 to 3 days of hatching, they
ware collected. If they had not developed enough to determine deformities
(clubfeet, curved bills, etc.), then the hatch date was estimated and the nest
marked. We would return several days before the estimated hatch date and
collect an embryo. After the eggs were collected, the shell was opened in
order to examine the embryo for deformities. The embryo was then submitted
for whole—-body chemical analysis. Livers and kidneys from adult birds and
mallard ducklings were either submitted individually or cohpoaited for ;
inorganic analysis. Carcasses were submitted individually for organochlorine
analysis. Blood serum and brains from adult male mallards and brains from
males of other species were submitted for acetyl or butyl cholinesterase
inhibition analysis to determine exposure to organophosphate/carbamate
pesticides.

RESULTS: Results from six compogsite fish samples from six different river
gites and 53 bird carcasses (samples consisting of adults and juveniles)
collected form 23 sites revealed little evidence of organocholorine
contamination. However, traces of PCB‘s and chlordane metabolites were
congistently found in fish samples, but all were less than .50 ug/g wet
weight. Out of the 35 bird carcasses analyzed the only organochlorine
compound that was consistently detected was p,p’~DDE. Only gsix samples were
>1.0 ug/g wet weight and p,p‘~DDE was not detected in the four mallard
duckling carcasses. Interestingly, the six carcasses that were >1.0 ug/g wet
weight (maximum concentration 2.4 ug/g wet weight) were adult killdeer.

Brain and serum cholinesterase assays of 35 birds also revealed that they were
not being exposed to harmful levels of op/ca pesticides. Only two mallards
exhibited inhibited brain cholinesterase (Table 1).
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Inorganic results from whole-body fish samples (carp, flannelmouth suckers,
channel catfish) were compared to National Contaminant Biomonitoring Program
(NCBP) data (Schmitt and Brumbaugh 1990). This comparison revealed that fish
in the San Juan River are accumulating five of the seven elements analyzed in
NCBP to higher levels than fish nationwide. Only mercury and arsenic were
below the NCBP standard, arsenic being detected in only one sample (Table 2).
In addition, several of the geometric means calculated for each of the three
species for each element exceeded the 85th percentile concentrations for fish
nationwide (Table 2). '

Comparisons of six of the NCBP element scans between carp and flannelmouth
sucker to river reach revealed a very consistent trend. Typically, copper,
cadmium, mercury, selenium, and zinc were found in maximum concentrations at
Station A (Hammond Diversion to Blanco, New Mexico) and Station B (Fruitland,
New Mexico, to Hogback Diversion) (Figures 1-6).

At this time, it appears that the element of concern in wetland biota is
selenium. Samples from four of the eight sites on NIIP had elevated levels of
selenium in water dogs and aquatic invertebrates (Figure 7). The maximum
concentrations of selenium in aquatic biota were detected at Gallegos Canyon
Middle and South Ponds (sites 2 and 3) and at Ojo Amarillo Canyon Big and

Upper Ponds (sites 4 and 5). There was also a dramatic difference in selenium
concentration in aquatic invertebrates, plants, mosquito fish and killifish
between East Hammond and West Hammond Projects (Figure 8). It is apparent

from these data that prey items from several wetland sites have selenium
concentrations above the 4-8 ug Se/g threshold that Heinz et al. (1989)
congidered sufficient to impair reproduction in mallards.

Selenium also appears to be the element of concern in migratory bird samples.
The maximum concentration of selenium in bird embryos (17.6 ug/g dry weight)
wag found in a mallard embryo collected from a nest in Ojo Amarillo Canyon.

‘The embryo itself appeared to be physically normal, although the selenium

concentration falls in the mid-range of that found in duck embryos at

Kesterson National Wildlife Refuge (Ohlendorf et al. 1986). Avocet embryos

(Figure 9) had selenium concentrations in the lower range of that Knapton

et al. (1988) found at Sun River, Montana. Coot embryos also had selenium
values in the lower range of that found in coot embryos at Sun River, Montana
(Knapton -et al. 1988).

Mallard ducklings were collected only from the NIIP. Several of these
ducklings had selenium residue in excess of what was found in adult mallards
from the study area. In fact, the highest concentration of selenium found in
mallard ducks was from a composite duckling sample in Ojo Amarillo Canyon
(Figure 10). Adult mallards were collected throughout the study area. Out of
the 11 adults collected, only two were below the range- (4.4-8.8 ug/g dry
weight) that Ohlendorf et al. (1986) considered to be normal (Figure 11).

Adult killdeer also had elevated levels of selenium. All had selenium
concentrations above 10 ug/g dry weight. The maximum concentration of
selenium detected in biotic samples, 103 ug/g dry weight, was from a killdeer
composite sample from Gallegos Canyon (Figure 12).
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Red-winged and yellow-headad blackbirds were collected from watland sites at
esach project. Three of the samples appear to be alevated (Figure 13).
According to Xing (personal communication), red-winged blackbirds collected
near a lignite—fired power plant in Texas had a mean concentration of "33.1 ug
Se/q dry weight in kidneys. Red-winged blackbirds from a control area had a
mean selenium concentration of 7.7 ug/g dry weight in kidneys.

Adult avocets from NIIP also had elevated levels of selenium (Fiqure 14).
Some of the selenium concentration detected were above those found in avocets
from Sun River, Montana (Knapton et al. 1988). '

Teal were collected throughout the study area. With the exception of a
green-winged teal collected on NIIP Gallegos Canyon, all were cinnamon teal.
Oof the eight samples, five were above the range that Ohlendorf et al. (1986)
considered toc be normal. The maximum concentration of selenium detected in
teal species was from the green-winged teal collected on NIIP (Figure 15).

Adult coots were collected from two sites on NIIP and from the Relict wetland
on the Hogback Project. The maximum concentration of selenium detected was
from a coot collected on North Pond at Gallegos Canyon (Figure 16).

Polycyclic aromatic hydrocarbons (PAHs), naphthalene, phenanthrene, and benzo
(a) pyrene), were analyzed in bile samplea from fish and birds. The purpose
for analyzing for these compounds is that oil/gas exploration, development,
and refining occurs within the four irrigation projects and irrigation water
may serve as a transport mechanism.

The highest concentration of PAHs in fish was found in a composite carp sample
collected from station B (Bloomfield to Lee Acres) (Table 3). This gtudy
reach has several refineries that are situated near the San Juan River. The
highest concentration of PAHs in birds was found in an avocet from NIIP.
Similar concentrations were found in a composite coot sample from the Hogback
Project (Table 3).

According to Dr. Margaret Krahns, National Marine Fisheries Service, Seattle,
Washington (personal communication), these data strongly suggest that the San
Juan River Basin is heavily impacted by PAHs. She stated that normal

concentrations of PAHs in fiash bile should be less than 10,000 ng

naphthalene/g wet weight, less than 3,000 ng phenanthrene/g wet weight, and
leas than 100 ng benzo (a) pyrene/g wet weight. Unfortunately, there are no
data for normal concentrations of PAHs in bird bile. However, Dr. Krahns
baelieved that the data support the fish bile data of the San Juan River.
Presently, the Fish and Wildlife Service is awaiting the results of analyses
of bile samples collected from reference specimens.

Microtox biocassays were conducted 149 times on 22 sites. Seven sites were
found teo cause a toxic response to the photobacteria at least once. The sites
that were typically toxic were the wetland sites on the Hammond Project

(Table 4).

SUMMARY: Preliminary indications are that fish inhabiting the San Juan River
are expeosed to and accumulating several heavy metals and trace elements above
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the NCBP 85th percentile. In addition, fish in the river appear to be exposed
to alevated levels of PAHS.

In wetland sites on the irrigation projects, the element of concern is
gselenium. Typically, the highest concentrations of selenium found in agquatic
plants, invertebrates, amphibiang, and migratory birds were found at wetlands
locatad in the Gallegos Canyon or Ojo Amarillo Canyon Drainages. Migratory
birds also appear to be exposed to high levels of PAHs.

During the upcoming field season, the . Fish and Wildlife Service biologists
will be concluding the study of PAH effects on fish and migratory ‘birds in the
project area. The biologists will attempt to correlate the sediment
pore-water concentrations of PAHs to concentrations of PAHs in fish and bird
bile to liver neoplasia in fish and cytochrome P-450 induction in birds.

The biologists will also be conducting biocassays of return flow and seepage
water on Daphnia magna, fathead minnow sag-fry, and Colorado squawfish
sac-fry. The biologists believe that the data generated from the bioassays
will greatly enhance the study team‘s ability to determine the effects of
irrigation return flows upon native fighes. .
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Table 1. NCBP (1990) Trace Element COnpafiaqn.Bcﬁﬁuen Fish from the San
Juan River and Nationwide (Schmitt and Brumbaugh 1990) .

cd cu  Pb Zn _As  Hg Se
Carp: 0.05 1.20° 0.19  29.54 ND 0.06 0.85
Channel catfish: 0.07 0.74 0.36 24.89 ND 0.09 0.61
Flannelmouth suckert 0.08 1.10 0.38 34.28‘ ND 0.08 0.33
NCBP! for 1984 0.03 0.65 0.11  21.70 0.14 0.10 0.42
NCBP? for 1984 0.05 1.00 0.22  34.20 0.27 0.17 0.73

LGaometric mean
285th Percentile



Table 2. Mean Cholinesterase Activity in Several Species of Birds Collacted
for the San Juan River DOI Study Compared to Normal Wild Birds.

Lower

! Diagnostic

Species o X sd Bound
American Coot 6 22.7 1.23 20.2
Killdeer 14 18.7 2.10 14.5
Mallard! 8 10.3 1.44 7.4
Mallard2 | 6 11.0 1 0.50 10.0
Mallard? 1 12.0 1.30 9.0
Coot? 5 18.0 1.5 15.0

iComparison between all specimens including two mallards with apparently
depressed ChE.

2Comparison between selected specimens excluding two mallards with apparently
depressed ChE.

3From Hill 1988.
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TABLE 3
TITIZ: SAN JUAN RIVER IRRIGATION DRAINWATER STUDY-90

TABULATED RESULTS OF PAH COMPORIDS DETECTED IN FISH AND MIGRATORY BIRDS FROM THE SAN JUAN RIVER, NEW MEXTQO

BENZO (a)

. SAMPLE - NAPTHALENE PHENANTHRENE FYRENE
CRGANISM MATRIX . TVPE LOCATICN NG/G NG/G ~ N6/G
CH. CATFISH FISH (BILE) COMPOSITE (5) NAVAJO RES. SAN JUAN ARH 120,000 22,000 280
CH. CATFISH FISH (BHIE) OQMPOSITE (3) FRUITLAND to HOGBACK 110,000 29,000 430
CH. CATFISH FISH (BILE) OQMPOSITE (5) SHIPROCK to CUDAL 11,000 17,000 240
CH. CATFISH FISH (BILE) COMPOSITE (2) CUDETL to MANCOS 140,000 41,000 630
CARP - FISH (BI1E) OOMPOSITE (5) NAVAJO RES. PINE R. ARM 52,000 8,200 130
CARP ~ FISH (BILE) COMPOSITE (3) BIOOMFIELD to LEE ACRES 180,000 42,000 600
CARP FISH (BIIE) COMPOSITE (5) CUDEL to MANCOS 71,000 18,000 290
N. PIRE***  FISH (BLIE) INDIVIDUAL NAVAJO RES. SAN JURN ARH: 8500 2,300 ND
BL. BULLHEAD FISH (BLIE) COMPOSITE (4) HAVAJO RES. PINE R. ARM 100,000 21,000 460
HALLARD* BIRD (BIE) INDIVIDUAL NAPX : - 160,000 25,000 140
C00T* BIRD (BILE) COMPOSITE (2) GRLLEGOS & RVOCET 140,000 37,000 330
HALLARD BIRD (BIIE) INDIVIDUAL WEST HAMHMOND 47,000 1,300 350
CINi. TEAL* BIRD (BILE) COMPOSITE (3) EAST HAMMOtD 16,000 16,000 330
AVOCET " BIRD (BILE) INDIVIDUAL HEST NAPT - ' 210,000 150,000 550
MALLARD " BIRD (BOIIE) INDIVIDUAL NEST FRUTTLAND - ~ 13,000 13,000 380
CIi. TEAL* BIRD (BILE) COMFOSITE (3) EAST FRUTTLAND 15,000 3,300 320
cooT BIRD (BIIE) OOMPOSITE (3) RELICT WETLAND 210,000 29,000 310

*CHROMATOGRAMS SWGEST FOSSIBLE SAMPLE DEGRADATION

#kxA REPRESENTS BASELINE VALUES FOR PAH COMPOUND LEVELS IN FISH
BASED UPCN NAT'L MARINE FISHERIES SERVICE DATA



Table : 4Microtox Result Summary, Location, Effective Concentration that
Affects S0% oL the Population of Bacteria.  San Juan DOI Study, 7/30/90 to
8/30/90. . :
Site Locat.on Test Results ECSO % Sample
% Name / (% toxic/total) (if calculable)
I-91 2/4 Pivot Zond Q0 out or 9 No £C
I-02 7Clead Ccmf Pond/ Q0 ouc of 4 No EC
I-03 Big Pond [ 1 out of 9 > 100%
I-04 Gallegos Wasi 0 ouc of 6 " No EC
-05 Ojo Wash’ 0 out of 1 No EC
- I=06 Ojo Big Pend , Qout o 7 No EC
I-07 Ojo Wash +3mi 0 out of 2 No EC
I-08 Ojo Wash +~4mi’ 0 cut o€ O _—
I-09 Hidden Pond’ Qouc o 0O —_—
I-10 aveocat =ond Q0 cuc of 9 Ne EC
I-ii West Avocetr 1l out o 8§ > 100%
I-i2 Mine Pond’ lcocuc of 7 > LB85%
I-13 C West Pond- Q out of 5 Ne EC
I-14 C Scuch Pond Q0 cut of 4 No EC
I-15 Chinde Wasn 2ouc QE 6 > 100%
I~-i6 E Hammond 1186 0 out of 6 No EC
I-i7 -EH Drain/Marsh Louc of 5 72%
I-18 EH Red Pond E - 6 out of 6 5%, 73%, >100%
. I=19 EH Red Pond W 10 out of 11 30%, 42%, >100%
I-20 West Hammond 0 out of 4 No EC
I-21 Fruitland 0 cut £ 4 No EC
I-22 Hogback Ditch . 0 out of 5 No EC
I-23 H Relict Marsh Q ocut o 8 No EC
I-24 ¥ Irrigacion 0 cuc cf S No EC
7 sites tested 22 out of 149 ECSO >100% sample

toxic to Microtox tasted toxic are estimaced

ﬂ'efﬂm& a/l8/a





