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INTRODUCTION: During the spring, summer, and early fall of 1990, samples of 
aquatic invertebrates and plants, fish, amphibians, adult migratory birds, 
mallard ducklings, and bird embryos 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 
wetland 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. Fish in drains 
or wetlands were captured by seining and using light traps. Water dogs (tiger 
salamanders) were captured by seining, light traps, or minnow traps. Aquatic 
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 
were 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 composited 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 composite fish samples from six different river 
sites 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 met&Qolites were 
consistently found in fish samples, but all were less than .SO ugjg wet 
weight •. Out of the 35 bird carcasses analyzed the only organochlorine 
compound that was consistently detected was p,p'-DDE. Only six 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 opfca 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 max~um 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 max~um 
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) 
considered 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 ugfg dry weight) 
was 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 ugfg dry 
weight) that Ohlendorf at al. (1986) considered to be normal (Figure 11). 

Adult killdeer also had elevated levels of selenium. All had selenium 
concentrations above 10 ugfg 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-headed blackbirds were collected from wetland sites at 
each project. Three of the samples appear to be elevated (Figure 13). 
According to King (personal communication), red-winged blackbirds collected 
near a lignite-fired power plant in Texas had a mean concentration of 33.1 ug 
Se/g dry.weight in kidneys. Red-winged blackbirds from a control area had a 
mean selen~um concentration of 7.7 ugjg dry weight in kidneys. 

Adult avocets from NIIP also had elevated levels of selenium (Figure 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. 
Of the eight samples, five were above the range that Ohlendorf et al. (1986) 
considered to 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 ~allegos Canyon (Figure 16). 

Polycyclic aromatic hydrocarbons (PAHs), naphthalene, phenanthrene, and benzo 
(a) pyrene), were analyzed in bile samples 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 study 
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 fish bile should be less than 10,000 ng 
naphthalene/g wet weight, less than 3,000 ng phenanthrene/g wet weight, and 
less than 100 ng benzo (.a) pyrenefg wet weight. Unfortunately, there are no 
data for normal concentrations of PAHs in bird bile. However, Dr. Krahns 
believed 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 bioassays were conducted 149 times on 22 sites. Seven sites were 
found to 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 exposed to and accumulating several heavy metals and trace elements above 
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the NCBP 85th percentile. In addition, fish in the river a~ar to be exposed 
to elevated levels of PAHs. 

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

Curing the upcoming field season, the Fish and Wildlife Service biologists 
will -be concluding the.study of PAH effects on fish and migr~tory~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 bioassays of return flow and seepage 
water on Daphnia magna, fathead minnow sac-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 fishes. 
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Table 1. N'CBP (1990) 'l'l:aca :nement Com-parison:. Between !'ish troa: the san 
Juan River and Nationwide (Schmitt and BJ:UIIlhauqh 1990) .. 

Cd cu Pb Zn As Hq Sa 

Car'P1 0.05 1.20 0.19 29.54 ND 0.06 0.85 

Channel catfish1 0.07 0.74 0.36 24.89 ND 0.09 0.61 

rlannelmouth suckerl 0.08 1.10 0.38 34.28 ND 0.08 0.83 

NCBP1 for 1984 0.03 0.65 0.11 21.70 0.14 0.10 0.42 

NCBP2 for 1984 0.05 1.00 0.22 34.20 0.27 0.17 0.73 

LGeometric mean 
za5th Percentile 

Table 1. NC3P (1990) Trace Element Comparison Between Fish from the San 
Juan River and Nationwide (Schmitt and Brumbaugh 1990) � 

Cd Cu Pb Zn As Ha 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 sucker' 0.08 1.10 0.38 34.28 ND 0.08 0.83 

NCBP1 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 

1Geometric mean 
2 85th Percentile 



Table l. Mean Cholinesterase Activity in Several. Spec:ies· of:- Birds Collected. 
for the San Juan River DOI Study Compared to Rormal Wild. Bi.rcla-

Species 

American Coot 

Killdeer 

Mallardl 

Mallard2 

Mallard3 

Coot1 

1Comparison between 
depressed ChE. 

n 

6 

14 

8 

6 

11 

5 

all specimens 

Iaower 
Diaqnostic 

x sd Bound 

22.7 L23 20.2 

18.7 2.10 14.5 

10.3 1.44 7.4 

11.0 0.50 10.0 

12.0 1.30 9.0 

18.0 1.5 15.0 

including two mallards with apparently 

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

arrom Hill 1988. 

Table 2. Mean Cholinesterase Activity in Several Species of Birds Collected 
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TABLE l 

mu: SAN JUAN RIVm IRRIGATICtf OOAIMlA'ml S'IUIJY-90 

TAilUTm RmJLTS <I' PAH <nfiUIIDS VEitx:I'ED m FISH AtiD HIGRA'ImY BIRDS fRctl TilE SAN JUAN RIVm, NEW HEXIOO 

BmZO (a) 
SAMPlE NAYrnAl.OIE PllmANI1IRDm P"lRmE 

CR<WfiSK HA'IRIX TYPE llnTI<lJ t«;/G 00/G 00/G 

Cit. CAffiSH fiSH (Bill:) cmrosm (5) NAVAJO RES. SAtl JUAN ARM 120,000 22,000 280 
CH. CAffiSH FISH (BllE) 001FOSITE (3) fRUITLAND to l.xBACK 110,000 29,000 430 
CH. CAlflSH FISH (BllE) CXl1FOSITE (5) SHIPROCK to aJDAI 11,000 11,000 240 
CH. CAffiSH FISH (BIIE) 001FOSITE (2) aJDEI to IW¥X>S 140,000 41,000 630 
CARP nSH (BDE) CXl1FOSITE (5) UAVA.JO RES. PDIE R. ARii 52,000 8,200 130 
CARP FISH (BDE) CXliroSITE (3) BI001FIEIJl to LEE ACRES 180,000 42;000 600 
CARP FISH (BDE) atiPOOITE (5) aiDE! to tWlCOS 11,000 18,000 290 
H. PJXE""U. FISH (BllE) DIDIVIIlJAI, tiAVAJO RES. SAU JUAN ARii;. 8500 2,300 tiD 
BL.BUUliEAD FISH (BD..E) 001FOSITE ( 4) UAVAJO Jm). PDIE R. ARM 100,000 21,000 460 
HAU.ARD• BIRD (Bll.E) niDMilJAL NAP! 160,000 25,000 140 
axJI'II BIRD (BDE) atiPOOITE (2) G~ & Avca:I' 140,000 31,000 330 
HAIURD BIRD (BilE) niDMOOAL NEST HAMIUID 41,000 7,300 350 
Clllf. TEAL• BIRD (BllE) ~ITE (3) EASI' HAMIUID 76,000 16,000 330 
AVOCEI' BIRD (Bll..E) lliD:rvtruAL liEST NAP! · 210,000 150,000 550 
HAlURD BIRD (Bll..E) DIDMilJAL WEST fRUffiJ\tiD 73,000 13,000 380 
CDif. TEAL• BIRD (BILE) a:tii'OOITE (3) EASI' fRUffillliD 15,000 3,300 320 
am .BIRD (BllE) ~ITE (3) IULICf WETlAND 210,000 29,000 310 

~romHS SlnDT laiSIBLE SAMPLE DmRADATI<lf 

**' RO'RimJli'S .BAS!LIHE ~ n:& PAR a:troiiD lEVILS m FISH 
BAsm umf NAT'L HARm£ nsnmn:s BmVICE DATA 

TABLE 3 

TITLE: SAN JUAN RIVER IRRIGATION DRAINWATER STUDY-90 

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

BENZO (a) 
SAMPLE NAPTHAL2IE PHENANTHR PYRENE 

ORGANISM MATRIX TYPE LOCATIN NG/G NG/G NG/G 

CH. CATFISH FISH (BILE) COMPOSITE (5) NAVAJO RES. SAN JUAN ARM 120,000 22,000 280 
CH. CATFISH FISH (BIIE) COMPOSITE (3) FRUITLAND to IIOGBACK 110,000 29,000 430 
CH. CATFISH FISH (BILE) COMPOSITE (5) SHIPROCK to CUDAI 77,000 11,000 240 
CH. CATFISH FISH (BIIE) COMPOSITE (2) CUDEI to MANCOS 140,000 41,000 630 
CARP FISH (BIIE) COMPOSITE (5) NAVAJO RES. PIDIE R. ARA 52, 000 8 200 130 
CARP FISH (BILE) COIFOSITE (3) BIOMFIED to IEE ACRES 180,000 42,000 600 
CARP FISH (BILE) COMPOSITE (5) CUDEI to MACOS 71 , 000 18,000 290 
N. PIKE*** FISH (BILE) DDIVIDUA NAVAJO RES. SAN JUAN ARIi; 8500 2,300 ND 
BL. BULLHEAD FISH (BIIE) COMPOSITE (4) NAVAJO RES. PINE R. ARM 100,000 21 ,000 460 
MALLARD* BIRD (BILE) IDDIVIDUAL NAPI 160,000 25,000 140 
000T* BIRD (BI]E) COMPOSITE (2) GALL©GOS & AVOCET 140,000 37,000 330 
MALLARD BIRD (BIIE) IDDIVIDUAL NEST HAMND 47,000 7,300 350 
CIRI. TEAL* BIRD (BIL) COMPOSITE (3) EAST HAMMOID 76 ,000 16,000 330 
AVOCET BIRD (BIIE) IDDIVIUAL NEST NAPI 210,000 150,000 550 
MALLARD BIRD (BII) INDIVIDUAL WEST FRUITLAND 73,000 13,000 380 
CTI. TEAL* BIRD (BILE) COMFOSITE (3) EAST FRUIT1AD 15,000 3,300 320 
C00T BIRD (BI]) COMPOSITE (3) RELICT WEILAND 210,000 29,000 310 

CHROMATOGRAMS SUGGEST POSSIBLE SAMPLE DEGRADATION 

*** REPRESEN BASELINE VALUES FOR PAH COMPOUND LEVELS IN FISH 
BASED UFON NAT'L MARINE FISHERIES SERVICE DATA 



Table 4 Mic:ot:ax Result St.mnary, U:Jcat:ion r Ef:eo:.:.ve COnc:Snt:ration that 
Af:ec=s 50% at the Population of Bact:eria. San Juan CCI Study, 7/:30/90 t:o 
8/30/90. 

Site wcat:.:.an 
: \l'ame / 

I -·J l 3/4 :? 1 vat: 20nd 
r-02 TCead c~ Pond! 
I-03 Big POnd ( 
I .:.o4 Gallegos wash 

I-os oj~ wash( 'f 

I-G6 Ojo Big Pond 
I-07 Ojo Wash +-3mi 1 

I-08 oja wash .,.4mi ~" 

I-09 Hidden Pond' 
I-lO AVOcet: ?ond' 
!-il west: Avocst:r 
I-i2 Mine ?:lnd r 

I-13 c west: Pond 
I -1.4 c sout:h POnd 
I-lS ~inde wash 

I-16 E aammend :186 
I-i 7 · EE Dr:ain/Marsh 
I-18 EH Red POnd .E . 
I -19 EH Red l?Ond W 

I-20 was: aaumond 

I-21 FrUitland 

I-22 ElOgback Ditc:!'t 
I-23 g Re.lic= Marsh 
I-24 ff Irriaat:ion 
7Si'tes t:est:ed 
toxic to Mic:cecx 

Test: Results 
(#: taxic/tat:al) 

0 OUt: oi 9 
0 out: of 4 
l out of 9 
0 out: of 6 

0 out of l 
0 out of ... 

I 

0 out: of 2 
0 out: of 0 

0 out of a 
0 out: of 9 
l out of 8 
1 out: of 7 

0 out of 5 
0 out of 4 
2 out: of 6 

0 out of 6 
1 out: of 5 
6 out of 6 

10 out of ll 

0 out of 4 

0 out of 4 

0 out of 5 
a out of a 
a out of 5 

22 out: of J.49 
·tested toxic 

ECSO % Sam;lie 
( if calco..llable) 

NO EC 
No ~c 
> 100% 
NO EC 

No EC 
No EC 
No EC 

No EC 
> 100% 
> .!.85% 

No EC 
NoEC 
> 100% 

NO EC 
72% 

5% ," 7:3% , >lOOt 
30%, 42' r >lOOt 

No EC 

ECSO >J.OO% sample 
are est::imated 

Table 4 Mic:ot:ax Result St.mnary, U:Jcat:ion r Ef:eo:.:.ve COnc:Snt:ration that 
Af:ec=s 50% at the Population of Bact:eria. San Juan CCI Study, 7/:30/90 t:o 
8/30/90. 

Site wcat:.:.an 
: \l'ame / 

I -·J l 3/4 :? 1 vat: 20nd 
r-02 TCead c~ Pond! 
I-03 Big POnd ( 
I .:.o4 Gallegos wash 

I-os oj~ wash( 'f 

I-G6 Ojo Big Pond 
I-07 Ojo Wash +-3mi 1 

I-08 oja wash .,.4mi ~" 

I-09 Hidden Pond' 
I-lO AVOcet: ?ond' 
!-il west: Avocst:r 
I-i2 Mine ?:lnd r 

I-13 c west: Pond 
I -1.4 c sout:h POnd 
I-lS ~inde wash 

I-16 E aammend :186 
I-i 7 · EE Dr:ain/Marsh 
I-18 EH Red POnd .E . 
I -19 EH Red l?Ond W 

I-20 was: aaumond 

I-21 FrUitland 

I-22 ElOgback Ditc:!'t 
I-23 g Re.lic= Marsh 
I-24 ff Irriaat:ion 
7Si'tes t:est:ed 
toxic to Mic:cecx 

Test: Results 
(#: taxic/tat:al) 

0 OUt: oi 9 
0 out: of 4 
l out of 9 
0 out: of 6 

0 out of l 
0 out of ... 

I 

0 out: of 2 
0 out: of 0 

0 out of a 
0 out: of 9 
l out of 8 
1 out: of 7 

0 out of 5 
0 out of 4 
2 out: of 6 

0 out of 6 
1 out: of 5 
6 out of 6 

10 out of ll 

0 out of 4 

0 out of 4 

0 out of 5 
a out of a 
a out of 5 

22 out: of J.49 
·tested toxic 

ECSO % Sam;lie 
( if calco..llable) 

NO EC 
No ~c 
> 100% 
NO EC 

No EC 
No EC 
No EC 

No EC 
> 100% 
> .!.85% 

No EC 
NoEC 
> 100% 

NO EC 
72% 

5% ," 7:3% , >lOOt 
30%, 42' r >lOOt 

No EC 

ECSO >J.OO% sample 
are est::imated 

Table 4Microtox Result Summary, Location, Effective Concentration that 
Affects S0% or the Population of Bacteria. San Juan DOI Study, 7/30/90 t 
3/30/90. 

Site cation 
± Name 

-/ I-0l 3/4 Pivot Pond 
r-o2 7cead 31 °ona 
I-03 Big Pond' / 
I-04 Gallegos Wash 

I-05 Ojo Wash' � 
I-06 Ojo Big Pond 
I-07 Ojo Wash +3mi' 
I-08 Ojo Wash +4mi 

I-09 Hidden Pond' 
I-l0 Avocet 3ond' 
I-ii est Avoce� 
I-i2 Mine Pond � 

I-i3 C West Pond 
I-l4 C South Pond 
I-l5 Cminde Wash 

I-i6 E Hammond Ll86 
I-l7 EH Drain/Marsh 
I-i8 EH Red Pond E 
I-L9 EH Red Pond W 

I-20 West. Hammond 

I-21 Fruitland 

I-22 Hogback Ditch 
I-23 H Relict Marsh 
I-24 H Irrigation 
7 3ices tested 
txic to Microtox 

���� ����� 

Test Resuits 
( # toxic/total) 
) our or 9 
) out or 4 
I out or 9 
0 out or 6 

0 out or 1 

0 out or 
0 Out or 2 
0 out or 0 

0 out or ) 

) out or 9 
I out or 8 
I out or 7 

) out or 5 

) aut or 4 
2 out or 6 

) aut or 6 
I out or 5 

6 out or 6 
10 out or IT 

a Ort Of 4 

a out of 4 

0 aut of 5 

a aut or 8 
0 out of 5 

22 out or L49 
tested toxic 

EC5O % Sammie 
(if calculable) 

No EC 
No SC 
>100% 
NO EC 

No EC 
No EC 
No EC 

No EC 
» 100% 
>185% 

No EC 
No EC 
>L00% 

No EC 
72% 

5% 73%, >100% 
30% , 42%, >100% 

No EC 

No EC 

No EC 

No EC 
No EC 

EC50 >100% sample 
are estimated 




