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ABSTRACT 

Aquatic and terrestrial wildlife species were collected in the San Juan 
River Basin of northwestern New Me.xico in 1984, and analyzed for heavy 
metal and organochlorine compounds. Contaminants in the basin originate 
from agriculture, mining, industry and natural sources. Samples were 
collected at six aquatic and four terrestrial locations. Aquatic samples 
included flannelmouth sucker, bluehead sucker, carp, longnose dace and 
trout. Starlings and mourning doves were collected for the terrestrial 
sample.· Analysis of samples for organochlorine compounds and heavy metals 
were compared to samples from the National Contaminant Biomonitoring 
Program. Organochlorine analysis was provided by gas chromotography and. 
mass spectrometry for 17 compounds include PCB's. Heavy metal analysis by 
inductive coupled plasma spectroscopy provide values on twenty elements and 
basic salts. Analysis of fish and bird samples detected DDE and PCB 
residues below the geometric mean of samples in the Biomonitoring Program, 
indicating a decline similar to national trends. Analysis of samples for 
heavy metals indicated that chromium, copper, lead and selenium were 
elevated in fish and that cadmium, copper, lead and selenium were above 
the geometric mean in birds for these elements when compared to samples in 
the biomonitoring program. 

Introduction 

Samples of terrestrial and aquatic species have been collected in the San 
Juan basin as part of the Fish and Wildlife Service, Environmental 
Contaminant Assessment Program. Monitoring studies were developed for fish 
and wildlife resources which could be affected by the large potential 
mineral and energy development in the region. 

San Juan County, in northwestern New Mexico is known as the Four Corners 
area, so named because of the location of four state boundaries meeting at 
one point. The San Juan River situated on the Colorado Plateau flows 
through the study area and eventually empties into the Colorado River. San 
Juan County is an area of 5,522 square miles. In 1982 the population of 
the county was 92,500 with the population centers being Farmington and 
Bloomfield (Bureau of Business and Economic Research 1984). 

Agricultural development in San Juan County accounts for two percent of 
jobs in the county while manufacturing and mining account for 6.4 percent 
and 10.7 percent respectfully (Temple and Wombold 1983). The remainder of 
county employment consists of construction (13.5 percent), trade (19.5 
percent), transportation and utilities (11.6 percent) and services and. 
government employment (38.1 percent). 

During the period 1970-1981 San Juan County experienced a large growth in 
non-agricultural industry, particularly in energy related business. 
Currently San Juan County produces 63 percent of the States' coal, 
utilizing most of this production in mine mouth power plants (Temple 
and Wombald 1983)., Two large coal fired power plants, the San Juan Power 
Plant and the Four Corners Power Plant, operate in the basin. In addition 
to coal production, uranium extraction has occurred to a limited extent in 
the drainage near Shiprock. Coal and oil production are very important in 
the area. In 1984 approximately 24 coal mines were either planned or in 
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production with a potential to disturb 66,322 acres (Bureau of Land 
Management 1984). Oil production occurs predominantly in the area near 
Bloomfield and Aztec, New Mexico. As of 1986 there were 2,228 Federal 
leases producing oil and gas on approximately 1.625 million acres and 2,849 
non-Federal leases on 3,482 million acres in San Juan, Rio Arriba and 
McKinley Counties (Bureau of Land Management 1987). 

Although agricultural production employs only a small percentage of the 
population, present and future irrigation projects have the potential to 
convert large areas of grass and shrubland to cropland. The New Mexico 
Agricultural Statistics Report (New Mexico Crop and Livestock Reporting 
Service, 1984) indicated that in 1983 only 3,400 acres of land was 
irrigated in the county. This represents the start up of the Navajo 
Irrigation Project which will irrigate over 110,000 acres when completed. 

The importance of the San Juan River Basin to fish and wildlife was 
documented by Meneely and Duzan (1979). They described the major habitat 
types of grassland/desert shrub, pinyon/juniper woodland, ponderosa pine, 
mixed conifer and riparian that occur in the basin. They documented 99 
species of mammals and 311 species of birds throughout the basin. In 
particular, large congregations of waterfowl now winter along the San Juan 
River near Bloomfield. They also listed 14 species of amphibians and 34 
species of reptiles 50 species of fish and numerous species of aquatic 
invertebrates. 

Of particular significance to the contaminants issue is the occurrence of 
two endangered species, the bald eagle, which winters in the Animas 
Drainage and the Colorado squawfish, which has recently been documented as 
occurring in the San Juan River. 

The investigation of potential contaminants to fish and wildlife resources 
was prompted by studies related to DDE residues in the Rio Grande and Pecos 
River drainages. Studies by Lowe (1984), documented the high levels of DDE 
in tissue of aquatic organisms which he attributed to past heavy use of 
DDT. White and Krynitsky (1986), also found high levels of DDE in selected 
bird species in 1983 from the Pecos River and the Rio Grande Drainages. 
They reported DDE residues in western kingbirds as high as 47 ppm wet 
weight. 

In 1980, the Bureau of Reclamation reported high levels of iron, manganese 
copper, lead, zinc, silver, cadmium, mercury and arsenic in the San Juan 
River drainage. This report suggests that these elements were occurring as 
a result of acid mine drainage from abandoned as well as existing mines. A 
Bureau of Land Manageme~t report (1984) also documented high levels of 
dissolved selenium (150 ppb), chromium (10 ppb) and aluminum (200 ppb). An 
initial monitoring program was begun to document the levels of heavy metals 
and agricultural chemicals in fish and wildlife. 

Sampling Area 

The San Juan River is a tributary to the Colorado River. The San Juan 
originates in southwest Colorado. Additional tributaries to the San Juan 
originate in McKinley and Rio Arriba Counties in New Mexico. The major 
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tributaries in our sampling area are the Animas and La Plata Rivers. 
Figure 1 shows the location of the San Juan River and sample collection 

I 

sites. I 

The San Juan River provides habitat for cold and warm water fish species 
including the endangered Colorado squawfish (Ptychocheilus lucius). There 
is also a trophy high quality cold water trout fishery downstream from 
Navajo Reservoir. Bald eagles (Haliaeetus leucocephalus) winter in the San 
Juan River basin, particularly along the Animas River and around Navajo 
Reservoir. 

Sampling sites for this study included locations on and along the Animas 
and San Juan Rivers. These sites were selected in order to sample the 
potential contaminants that might originate from the two coal fired power 
plants near Shiprock, agricultural activities such as the Navajo Indian 
Irrigation Project and past and present mining activities in New Mexico and 
Colorado. Four sites on the San Juan River and two sites on the Animas 
River were selected for fish collections. There were four sites in the 
basin where birds were collected (Figure 1). 

Procedure 

Bird and fish collections were done in August and September 1984. Fish 
were collected using seines, electroshockers and hook and line. Birds were 
collected with a rifle and shotgun which used lead shot. 

Species of fish and birds collected at the respective sites are listed in 
Table 1. Species collected were contingent upon what was available. 
Significant collection problems were encountered on the San Juan due to a 
lack of access, high turbid flows and high conductivity. Electroshocking 
using small back pack shockers was ineffective so the majority of the fish 
species were collected with seines. Mourning doves were substituted for 
starlings at the Navajo Indian Irrigation Project because they were the 
only species available. 

Fish specimens were frozen and shipped to Hazelton laboratory for organic 
chemical analysis. The unused homogenates were sent on to the 
Environmental Trace Substance Laboratory for heavy metal analysis. Bird 
carcasses were sent to Patuxent for organic chemical analysis and the 
livers were forwarded to Environmental Trace Substance Laboratory for heavy 
metal analysis. Birds were analyzed individually and fish samples were 
pooled. All values are reported in mg/kg or ppm wet weight for comparison 
to other studies, historical data and data from the Biomonitoring Program. 

Results 

A total of 53 fish plus three composite samples of longnose dace were 
collected and analyzed from six sites. The fish samples consisted of 16 
flannelmouth suckers collected at four sites, 27 bluehead suckers from five 
sites, five trout (three rainbow and two brown trout) and five carp from 
one site. Each of the three composite samples of longnose dace contained 
50 fish and weighed between 255 and 312 grams. 
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Table 1. Sampling locations and species, San Juan River Study, 1984. 

Station No. Location Species No. in Sample 

1 Shiprock Flannelmouth sucker 5 
Catostomus latipinnis 

1 Shiprock Bluehead sucker 4 
Catostomus discobulus 

1 Shiprock Bluehead sucker 3 
2 Farmington Longnose dace 50 

Rhinichthys cataractae 
2 Farmington Bluehead sucker 5 
2 Farmington Longnose dace 50 
3 Animas River confluence Flannelmouth sucker 5 
3 Animas River confluence Bluehead sucker 5 
4 Bloomfield Longnose dace 50 
4 Bloomfield Flannelmouth sucker 3 
4 Bloomfield Bluehead sucker 5 
5 Archuleta Carp 5 

Cyprinus carpio 
5 Archuleta Trout (Rainbow and Brown) 5 

Salmo gairdneri, Salmo trutta 
6 Animas North of Aztec Bluehead sucker 5 
6 Animas North of Aztec Flannelmouth sucker 3 
7 Aztec Starling 

Sturnus vulgaris 
8 Bloomfield Starling 
9 Shiprock Starling 

10 Navajo Indian Irrigation Mourning dove 
Project Zenaida macroura ----

s 

Table l. Sampling locations and species, San Juan River Study, 1984. 

Station No. Location Species No � in Sample 

1 Shiprock Flannelmouth sucker s 
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Bird collections consisted of 14 starlings from three sites and five 
mourning doves from the Irrigation Project. 

Chemical analysis of fish and bird residues for trace elements was done by 
a Fish and Wildlife Service contract laboratory. The contractor used 
inductively coupled plasma emission spectroscopy to scan fish tissue for 
the elements listed in Table 2. A separate digestion was done for selenium 
and arsenic prior to analysis by the same method. All laboratory 
procedures for fish tissue were outlined and approved by the Columbia 
National Fisheries Laboratory, Contract No. 14-16-009-083-003. 

Table 2. Organochlorine Pesticides and Trace Metals Analyzed for in 
tissue by Columbia National Fisheries Research Laboratory, 
Patuxent Wildlife Research Center, and/or Appropriate 
Contract Analytical Laboratories. 

Organochlorine Pesticide Scan: 

1 • Aldrin 9. Cis-Chlordane (ALPHA) 
2. Dieldrin 10. Trans-Chlordane (GAMMA) 
3. Endrin 11. Heptachlor 
4. Lindane.(BAH-ALPHA 12. Heptachlor Epoxide 

and GAMMA) 13. Cis-Nonachlor (BETA) 
5. Mirex 14. Trans-Nonachlor 
6. Toxaphene 15. DDE 
7. HCB 16. DDT 
8. PCB 

, 
17. DDD 

Trace-Metals: 

1 • Arsenic (As) 8. Mercury (Hg) 15. Vanadium (V) 
2. Cadmi um (Cd) 9. Nickel (Ni) 16. Thallium (Tl) 
3. Chromium (Cr) 10. Selenium (Se) 17. Molybdenum (Mo) 
4. Copper (Cu) 11. Tin (Sn) 18. Antimony (Sb) 
5. Lead (Pb) 12. Zinc (Zn) 19. Aluminum (Al) 
6. Magnesium (Mg) 13. Cobalt (Co) 20. Iron (Fe) 
7. Manganese (MIl) 14. Beryllium (Be) 

Chemical analysis of fish tissue for organochlorine insecticides was done 
by a Fish and Wildlife Service contract laboratory using silica acid 
separation prior to digestion and extraction. Analysis for organochlorine 
compounds was performed by Gas Liquid Chromotography and Gas 
Chromotography-Mass Spectrometry (Schmitt et ale 1985). Residue analYSis 
for organochlorine compounds (Table 3) for the birds was done using silica 
gel Gas-Liquid Chromotography. Methods of collection and analysis of 
starling and mourning doves were patterned after the methods used from the 
Biomonitoring Program (White 1976). 
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Table 3. Organochlorine Analysis for bird tissue from the San Juan and Animas River Basins (Units are mg/kg­
or ppm \let weight). 
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Station Species DOE DOD DDT Dieldrin Epoxide Oxychlorodane Chloroda ne Nonachlor ENDRIN TOXAPHENE PCB 

1 Sta rling 0.24 
2 Sta rling 0.15 
3 Sta rling - -
4 Sta rling 0.93 
5 Sta rling 0.23 -
6 Starling 1.8 
7 Sta rling 
8 Starling 0.43 -
9 Sta rUng 0.55 

10 Sta rling 0.10 -
11 Sta rling -
12 Sta rling 3.8 
13 Sta rling 0.83 -
14 Starling 1.6 
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9 Starling 

10 Starling 
11 Starling 
12 Starling 
13 Starling 
14 Starling 
Mourning Dove (MD) 

1 1MD 
2 MD 
3 MD 
4 ID 
5 MD 

Heptachlor 
DDE DDD DDT Dieldrin Epoxide Oxychlorodane 

0.24 -

0.15 -

-

0.93 -

0.23 -

1.8 
-

0.43 -

0.55 -

0.10 -

-

3.8 

0.83 -

1.6 

CIS- Trans-
Chloroda ne Nonachlor ENDRIN TOXAPHENE PCB 

-
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Results and Discussion 

Starling samples were collected at three sites and mourning doves at the 
fourth sites; all were analyzed for organochlorine compounds and heavy 
metals. Bird collections occurred in ~eptember which is earlier than the 
normal time frame for starling collections in the Biomonitoring Program. 
The percent lipid in starlings varied from a low of 2.2 percent to a high 
of 5.2 percent with a mean of 3.4 percent. Bunck et ale (1987) indicated 
that lipid levels in starling samples tended to increase later in the 
collection year. Values reported for the Biomonitoring Program had a mean 
value of 4.1 percent for October, 5.6 percent for November and 6.1 percent 
for January. Lipid values in this study compare favorably with values 
reported in the Biomonitoring Program. 

Starlings were analyzed for the complete suite of chemicals available. 
Reportable levels of DDT, DOD, Dieldrin, Heptachlor epoxide, oxychlorodane, 
cis-chlordane, trans-nonachlor, endrin, toxaphene and PCB's were not 
detected. Residue levels of DOE were detected in 11 of the 14 starling 
samples (78 percent) and was not detected in the mourning dove samples. 
The reported DOE levels (Table 3) ranged from 0.1 ppm to 3.8 ppm. Bunck et 
ale (1987) reported a geometric mean of 0.17 ppm in 1982 from all stations 
in the Biomonitoring Program, with a maximum reported value of 8.4 ppm from 
a st~tion in Arizona. Samples of starlings taken at other stations in New 
Mexico for the Biomonitoring Program have a geometric mean of 0.45 ppm with 
DOE levels ranging from 0.13 ppm to 3 ppm. From this date it would appear 
that DOE residues in the San Juan basin are following the national trend of 
decline and that new use of DDT compounds is not occurring in the basin. 

Fish samples for organochlorine analysis were collected from six different 
locations in the basin. Analysis consisted of fifteen composite samples 
analyzed for chemicals included in the Biomonitoring Program. A 
comparative bioassay was done on flannelmouth suckers from station 3 on the 
Animas River. Bioassay A and B analysis results are shown in Table 4. 

The sample analysis for fish from the San Juan River indicated that residue 
levels for all compounds, except PCB's were below the detection limit or at 
very low values when compared to data from the Biomonitoring Program. 
Schmitt et ale (1985), presented geometric means of organochlorine 
chemicals in fish tissue from all stations (Table 4). Organochlorine 
residue data from fish in the San Juan is lower in all instances than 
national residues when geometric means are ·compared. In the San Juan data, 
only PCB's had slightly higher values in some individual samples. The 
highest level of 1.3 ppm in flannelmouth sucker is from the upper station 
on the Animas River. Martin and Hartman (1985), reported PCB residues 
ranging from 40 to 120 ppb in about 1/3 of their fish samples which were 
collected in the upper Rio Grande at Alamosa and Monte Vista National 
Wildlife Refuges. The highest level of Arochlor for total PCB's reported 
by Schmitt et ale in 1981 samples was 11.3 ppm in largemouth bass from the 
Hudson River. The highest PCB levels occur in the industrialized Northeast 
and the Upper Mississippi River system. Other levels of total Arochlors 
are 4.2 ppm for walleye in the Mississippi River, 4.5 ppm for carp at Lake 
St. Clair, 5.6 ppm for smallmouth bass in the Merrimac River and 10 ppm in 
goldfish from the Hudson River. 
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Table 4. Orga nochlorine residue analysis for fish tissue from the San Juan and Animas River (units are mg/kg wet \",eight 
or 22m). 

Lindane- CIS-
Sta tion No. Species 

meaJ--/ 
Aldrin DieldHn Endrin Gamma-BHC Hirex Toxaphene nCB PCB CHLORODANE 

Geometric UA 0.04=- 0.01 0.01 0.01 0.27 0.01 0.53 0.03 

1 Flannelmouth sucker (0.01 -{0.01 ~0.01 ( 0.01 '0.01 <.l <0.01 0.25 e.0.01 
1 Bluehead sucker (0.01 (.0.01 .(0.01 '0.01 (0.01 (1 <.0.01 <0.10 ,(0.01 
1 Bluehead sucker <.0.01 (0.01 .( 0 .01 <0.01 . (0.01 <I e.O.Ol 0.23 (0.01 
2 Longnose dace (0.01 <'0.01 (0.01 (0.01 (,0.01 (1 <0.01 (0.10 (,0.01 
2 Bluehead sucker <0.01 <0.01 <.0.01 <.0.01 <.0.01 (I <0.01 (0.10 ( 0.01 
3 Longnose dace ( 0.01 < 0.01 <'0.01 (0.01 (,0.01 <I (0.01 0.12 .( 0.01 
J Assay A Flannelmouth sucker 0.02 0.06 (0.01 (0.01 e.0.01 <.1 (0.01 0.94 0.05 
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6 Flannelmouth sucker ~0.01 0.04 <.0.01 (0.01 0.04 <'1 £0.01 1.3 0.06 

Ge ometric mean (o.oi 0.015 0.01 0.01 0.01 <,1 {0.01 0.22 0.015 

Table 4. Organochlorine residue analysis for fish tissue from the San Juan and Animas River (units are mg/kg wet weight 
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Station No. Species 
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6 Blue head sucker 0.05 <0.01 £0.01 ¢0.01 0.03 <l <0.01 0.97 0.09 
6 Flannelmouth sucker � 0.01 0.04 <0.01 ¢0.01 0.04 � 1 0.01 1.3 0.06 

Geometric mean 40.01 0.015 0.01 0.01 0.01 <1 0.01 0.22 0.015 



.. 
Ta hIe 4. (continued) 

Trans Heptachlor- CIS- Trans- Linda~ 

Chlorodane Heptach~7r Epoxide Nonachlor Nonachlor DDE DDD DDT Alpha-BHG 
0.02 0.01- NA 0.02 0.04 0.2 0.07 0.29 0.01 

<'0.01 < 0.01 <'0.01 {0.01 0.01 0.05 0.07 
(0.01 < 0 .01 <. O. 01 '-0.01 <'0.01 0.03 0.01 
(0.01 ~ 0 .01 ~0.01 < 0 .01 0.01 0.06 
<.0.01 < 0.01 (0.01 ( 0.01 <. 0.01 0.04 0.01 
(.0.01 (0.01 ~0.01 {O.Ol (0.01 0.03 0.01 
<0.01 <0.01" LO.01 <,0.01 (0.01 0.07 
~0.01 <.0.01 1.0.01 <.0.01 £.0.01 0.10 0.01 0.02 0.01 
<"0.01 (0.01 <.0.01 £0.01 (,0.01 0.10 (0.01 0.02 0.01 
<0.01 (0.01 '0.01 ,0.01 0.01 0.04 0.02 
<0.01 <.0.01 <'0.01 (0.01 <.0.01 0.06 0.01 
<'0.01 (0.01 <.0.01 LO.01 0.01 0.10 0.02 0.02 
<.0.01 iO.01 0.01 <'0.01 <.0.01 0.03 0.01 t-' 
(.0.01 (0.01 <0.01 <'0.01 <.0.01 0.015 0 

<'0.01 ~0.01 <. 0.01 <'0.01 < 0.01 
'0.01 <'0.01 ~0.01 l.0 .01 <. 0.01 0.05 0.04 
<.0.01 <0.01 £0.01 (0.01 (,0.01 0.14 0.02 0.04 

0.01 0.01 0.01 0.01 0.01 0.06 0.01 0.02 0.015 

1/ Geometric mean wet weight 1980-81 Ua tiona 1 Pesticide Monitoring Program, Schmitt et al. 1985. 
2/ Includes traces of aldrin, Schmitt et a1. 1985. 
3/ Includes heptachlor epoxide, Schmitt et al. 1985. 
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Table 4. (continued) 
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3/ Includes heptachlor epoxide, Schmitt et al. 1985. 
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The presence of PCB residues in fish tissue as discussed by Walker(1976) 
noted that other researchers have observed mortality in trout fry from eggs 
containing 2.7 ppm Arochlor 1242. The presence of Arochlor 1254 in the 
food of coho salmon caused an increase in thyroid activity. The PCB 
contaminated fish have a high incidence of gill lesions and degenerative 
liver changes. Bioaccumulation of PCB's in the environment and in the food 
chain is demonstrated by the high levels that occur in some samples from 
the contaminant biomonitoring program. The bioaccumulation value for the 
San Juan samples is well below levels reported by Walker and other 
researchers. 

The possible adverse effects to birds from exposure to PCB bioaccumulation 
in the San Juan River basin appears to be small. Stickel (1972) indicated 
that domestic chickens fed a diet of 10 ppm PCB's did not suffer 
mortality. Mallards and ring doves fed on diets of 25 ppm and 10 ppm PCB's 
respectively did not suffer any reproductive impairment. Eisler, (1986), 
reported that PCB levels in bird diets in excess of 3 ppm was frequently 
associated with PCB poisoning. The relatively low levels of PCB's in most 
of this study's samples, when compared to the highest reported level, 
indicate there is a minimum impact upon fish eating birds. In particular, 
bald eagles that winter in the Animas River valley should not be. adversely 
impacted. 

Heavy metal values for fish samples are shown in Table 5. A total of 
fifteen composite fish samples were analyzed and where available, the data 
from the San Juan basin was compared to the data from the Biomonitoring 
Program (Lowe et ale 1985). Data from this study was also compared to 
additional residue levels reported in the literature in order to evaluate 
potential adverse impacts to resources. 

Complete comparative data for heavy metal residues in terrestrial and 
aquatic species has not been developed. Comparative residue data for most 
heavy metals in species of fish from the San Juan River basin are below the 
geometric mean from the Biomonitoring Program. This study indicates that 
cadmium, nickel, mercury (Eisler 1985), a~senic and zinc are probably not 
of environmental concern to aquatic·resources. The geometric mean for 
chromium in the San Juan samples exceeded the tissue levels recommended by 
Eisler (1986) for the protection of environmental resources. Eisler 
indicated that normal residues in fish tissue range from 0.1 to 1.9 ppm. 
The maximum level of chromium reported in bluehead sucker from the Animas 
River was 0.83 ppm. Chromium in the environment comes from metal 
extraction and production industries, from' coal combustion, cooling towers 
and atmospheric emissions. While slightly elevated this level is probably 
not of environmental concern. 

The geometric mean of residue levels for copper in fish from the San Juan 
basin exceeds the 85 percentile of geometric means for samples in the 
Biomonitoring Program (Lowe at al. 1985). Residue levels ranged from 0.95 
to 1.7 ppm in bluehead suckers with a mean of 1.24 ppm for all fish. 
Normal residue levels of copper in wild animal tissue is generally not 
reported, however the Environmental Protection Agency (1980), reports that 
normal levels in domestic animals range from 0.42 to 11 ppm. Andreasen 
(1981) reported whole body residues of copper in brown trout from the Red 
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Table 5. Heavy Hetal AnalysiS for fish from the San Jua nand AnilM s Rivers (units are mg/kg wet weight or ppm). 

Station Species Cd Cr Cu Itn Ni Pb Sn !!a. As !!& Zn Se 
85 percentile of geometric mean of all (0:i>6)Y ( • 20)'!:./ (0-:90).Y ( .76)1..1 (0:T7).Y (0.18)-!.! (0:22)'Y (46.26)Y (o-:7l).Y 

NCBP Sta t ions 

Flannelmouth sucker 0.02 0.54 LI . 14.0 0.3 0.45 2.1 0.073 0.16 400 21 0.72 

Bluehead sucker 0.037 0.37 1.2 21.0 0.33 0.58 1.5 0.04 0.37 460 20 0.43 

Bluehead sucker 0.02 0.2 0.97 8.1 O.Z 0.32 1.9 0.088 0.1 350 19 9.65 

2 Longnose dace 0.045 0.5 L1 20 0.36 0.48 0.069 0.18 420 27 0.87 

2 Bluehead sue ker 0.03 0.51 L2 16 0.36 0.42 0.05 0.31 360 17 0.46 

3 Longnose dace 0015 0.46 L4 20 L2 0.74 0.6 0.093 0.18 410 41 L4 

3 Flannelmouth sucker 0.076 0.52 L3 24 0.34 LO 2.3 0.096 0.17 360 21 0.48 

3 Blue hea d sue ke r 0.078 0.83 L7 50 0.62 L5 2.0 0.068 0.42 430 20 0.24 I-' 
N 

4 Longnose dace 0.02 0.3 Ll 4.9 0.42 0.05 0.5 0.14 0.07 320 38 2.3 

4 Flannelmouth sucker 0.02 0.3 1.1 8.8 0.1 0.18 0.21 0.18 310 17 0.62 

4 Bluehead sucker 0.02 0.64 0.95 19 0.32 0.47 1.5 0.062 0.33 410 18 0.53 

5 Ca rp 0.01 0.2 1.1 3.1 0.1 0.05 2.8 0.073 0.05 340 59 0.74 

5 Trout 0.01 0.3 1.2 5.8 0.1 0.14 1.0 0.068 0.05 320 21 L5 

6 Bluehead sucker 0.12 0.51 1.5 26 0.53 1.3 1.0 0.05 0.2t. 340 21 0.32 

6 Flannelmouth sucker 0.12 0.11 L4 16 0.2 1.1 1.5 0.13 0.09 330 23 0.45 

Ge ome t r Le mea n (.()J5) (.4) (1. 24) (1).7) (0.29 ) (0.39 ) (1.1) (0.08) (0.15) (368) (23.7) (0.57) 

1/ Lowe et a1. 1985. 
2/ Eisler Ronald 1986. Chromium level reported in animal tissue for protection of resources. 
J.j Ohlendorf et ~l. 1986. (l.9 ppm dry weight converted to 'let ,/eight 'Issllming )0 percent moisture). 

Table 5. Heavy Hetal AnalysiS for fish from the San Jua nand AnilM s Rivers (units are mg/kg wet weight or ppm). 

Station Species Cd Cr Cu Itn Ni Pb Sn !!a. As !!& Zn Se 
85 percentile of geometric mean of all (0:i>6)Y ( • 20)'!:./ (0-:90).Y ( .76)1..1 (0:T7).Y (0.18)-!.! (0:22)'Y (46.26)Y (o-:7l).Y 

NCBP Sta t ions 

Flannelmouth sucker 0.02 0.54 LI . 14.0 0.3 0.45 2.1 0.073 0.16 400 21 0.72 

Bluehead sucker 0.037 0.37 1.2 21.0 0.33 0.58 1.5 0.04 0.37 460 20 0.43 

Bluehead sucker 0.02 0.2 0.97 8.1 O.Z 0.32 1.9 0.088 0.1 350 19 9.65 

2 Longnose dace 0.045 0.5 L1 20 0.36 0.48 0.069 0.18 420 27 0.87 

2 Bluehead sue ker 0.03 0.51 L2 16 0.36 0.42 0.05 0.31 360 17 0.46 

3 Longnose dace 0015 0.46 L4 20 L2 0.74 0.6 0.093 0.18 410 41 L4 

3 Flannelmouth sucker 0.076 0.52 L3 24 0.34 LO 2.3 0.096 0.17 360 21 0.48 

3 Blue hea d sue ke r 0.078 0.83 L7 50 0.62 L5 2.0 0.068 0.42 430 20 0.24 I-' 
N 

4 Longnose dace 0.02 0.3 Ll 4.9 0.42 0.05 0.5 0.14 0.07 320 38 2.3 

4 Flannelmouth sucker 0.02 0.3 1.1 8.8 0.1 0.18 0.21 0.18 310 17 0.62 

4 Bluehead sucker 0.02 0.64 0.95 19 0.32 0.47 1.5 0.062 0.33 410 18 0.53 

5 Ca rp 0.01 0.2 1.1 3.1 0.1 0.05 2.8 0.073 0.05 340 59 0.74 

5 Trout 0.01 0.3 1.2 5.8 0.1 0.14 1.0 0.068 0.05 320 21 L5 

6 Bluehead sucker 0.12 0.51 1.5 26 0.53 1.3 1.0 0.05 0.2t. 340 21 0.32 

6 Flannelmouth sucker 0.12 0.11 L4 16 0.2 1.1 1.5 0.13 0.09 330 23 0.45 

Ge ome t r Le mea n (.()J5) (.4) (1. 24) (1).7) (0.29 ) (0.39 ) (1.1) (0.08) (0.15) (368) (23.7) (0.57) 

1/ Lowe et a1. 1985. 
2/ Eisler Ronald 1986. Chromium level reported in animal tissue for protection of resources. 
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River ranged from 2.24-5.57 ppm. Lowe et ale (1985), reported a maximum 
value of 24 ppm in perch from the Susquehanna River. The maximum value of 
1.7 ppm in bluehead sucker from the San Juan indicate that copper is 
probably not of environmental concern to aquatic resources. 

The geometric mean of residue levels of lead in whole body composites of 
fish exceeded the geometric mean of fish from the Biomonitoring Program 
(Lowe et ale 1985). Lowe et ale reported that lead residues in 1980-1981· 
had a geometric mean of 0.17 ppm and a range of 0.11-1.94 ppm. The 
residue levels from the San Juan basin had a geometric mean of 0.39 ppm and 
a range of 0.05 to 1.6 ppm. Lowe indicted that the Biomonitoring Program 
data shows that, nationwide, lead concentrations are decreasing. The 
geometric mean for the San Juan data corresponds to data measured in 1972 
and 1976 for the Biomonitoring Program. Custer et ale (1986), found that 
lead residues in killifish ranged from 0.28 - 2.2 ppm and Winger et ale 
(1984), reported lead residues in largemouth bass and catfish of 0.1 ppm. 
The National Research Council 1980, considers residue levels below 0.3 ppm 
to be safe for human food consumption. Walsh et al.(1977), reported that 
lead residues exceeding 0.5 ppm in whole body analysis was indicative of 
harmful lead residues in aquatic biota. Lead residues in six San Juan 
basin samples exceeded 0.5 ppm, indicating lead residues may be of 
environmental concern and should be monitore~ further. 

The geometric mean of 0.57 ppm for selenium residue in fish tissue from the· 
San Juan basin is below the geometric mean of 0.71 ppm for samples from the 
Biomonitoring Program (Lowe et ale 1985). However, measurements of some 
individual samples of fish almost reached the maximum concentration of 2.47 
ppm for the·Biomonitoring Program. Samples from the San Juan ranged from a 
high of 2.3 ppm to a low of 0.32 ppm, well below the national mean. Six 
samples were above the 85th percentile concentration and four other samples 
were between the geometric mean and the 85th percentile. 

The species that had the highest concentration were longnose dace and 
trout, indicating that selenium is bioconcentrating through the food 
chain. The likely route is from the water column, through aquatic 
invertebrates and microscopic plants, to filter feeding fish and 
subsequently to higher level predators such as trout. The highest selenium 
residues appear to be in the San Juan River itself particularly in the 
upper end of the study reach. 

The significance of these selenium levels is difficult to determine. These 
levels are well below the highest levels reported (over 100 ppm) in 
mosquito fish from Kesterson National Wildlife Refuge (Ohlendorf et ale 
1986). Eisler (1985) reported that selenium residue above 5 ppm in bird 
diets was detrimental and that residues above 2 ppm were harmful to 
mammals. Lemly (1985) reported that within two years after the Belews 
Creek stream generating plant began operation in 1974, all of the fish 
species in Belews Lake, except mosquito fish, had disappeared. 

The coal ash from the station contained residues of selenium. Levels of 
selenium above 2.42 ppm in fish tissue were reported to have caused 
reproductive impairment. Selenium residue levels in trout samples from the 
San Juan River suggest reproductive impairment might become a future 
problem if it is not already occurring in some species. 
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Residue levels of manganese, magnesium and tin are presented for reference 
purposes. This author could not locate literature sources that identified 
levels of environmental concern. Custer et al. (1986), however, reported 
manganese residues in killifish from 2.9 - 5.5 ppm and magnesium residues 
from 6.38-9.30 ppm. 

The heavy metal residue analysis from the starling and mourning dove liver 
tissue was compared to data from the Biomonitoring Program and to other 
data available in the literature (Table 6). 

Based upon this comparison, cobalt (Custer 1983), chromium, manganese (Blus 
et al. 1977), nickel (Eastin et ale 1981; Smith and Rongstad 1982) tin, 
zinc, arsenic and molybdenum (National Research Council 1980), occur in 
bird tissue below reported mean values or expected tissue levels. 
Comparative values or expected residue levels for aluminum, beryllium, 
thallium and vanadium were not available to this author. The residue 
levels in liver tissue for these heavy metals, however, were either very 
low or undetectable. Cadmium occurred in both starling and mourning dove 
tissue above the geometric mean of 0.048 ppm for samples from the 
Biomonitoring Program, (White et al. 1977). The maximum level of cadmium 
reported in the Biomonitoring Program was 0.2 ppm, whereas the maximum 
value in the San Juan samples was 2.6 ppm. Eisler (1985) reported that 
tiss~e with cadmium residues in excess of 2 ppm was evidence of contaminant 
problems. The data from the fish residue analysis did not suggest that 
cadmium is a problem in the basin. Cadmium, besides being a naturally 
occurring element, is also a by-product of smelters, fossil fuel 
combustion, municipal wastewater and fertilizers. The combustion of coal 
at power plants in the Four Corners area may be contributing to the 
elevated levels of cadmium in bird livers. Another possible contributor to 
the residue levels of cadmium in starling livers may be the birds use of 
landfill sites in this region. The cadmium residue level in this area 
suggests that further investigation should be considered. 

Geometric mean copper residues in starlings from the San Juan were slightly 
above the residue values reported in the literature for tissue 
(Environmental Criteria and Assessment 'Office 1980). Beyer et ale (1985), 
however, reported copper levels in several species of birds at 8.4 ppm dry 
weight (6 ppm wet weight approximate). The maximum value for copper in the 
San Juan River starlin& sample was 6.17 ppm. This indicates that 
environmental levels of copper are probably not of concern. 

Iron residues in starlings and mourning doves from the San Juan River 
varied from 799 to 2,670 ppm and 194 to 367 ppm respectively. Normal 
residue levels in tissue for wild species were not available, however, 
Custer et al.(1986) found that iron residues in common terns varied from 
88-133 ppm. Data from the National Research Council (1980) indicated that 
residue levels in cattle and poultry livers were above 600 and 1,000 ppm 
respectively, with tolerance levels several times these values depending 
upon diet sources. The relatively high residue values reported in the 
starling samples probably reflect the birds use of municipal dumps and 
feedlots as food sources and the residues should not represent an 
environmental hazard. 
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Table 6. Heavy Metal Analysis for Bird Tissue from the San Juan and Animas River Basins (Units are mg/kg or 
ppa wet weight). 

PRECON B 
Station Species Al Be Cd Co Cr Cu Fe Ma Ni Pb Sn Zn 
Geometric mean ( .048)2/ ( .65/¢.20)l/ (3.9)3/ (2.5)7/ <1?/ (.55)2/ ( .8)7/ (24.5)4/ 

I Starling 2.4 (0.0! 0.12 <0.03 0.09 4.19 1230 1 • 74 <0.08 0.3 <0.2 20.5 
2 Starling 2.2 <0.0I 0.61 0.03 <0.06 4 . 14 1 290 0.96 <0.06 <o.1 <0.1 17.3 
3 Starling 5.8 <0.01 0.079 (0.03 0.08 4.53 1 720 1 .52 (0.07 0.2 <0.2 20.5 
4 Starling 1.9 <0.01 0.19 0.03 <0.07 4.40 1200 2.00 (0.07 0.73 <o.i 21.5 
5 Starling No Data Reported- --� - - - - - - - - - - - - - - - - - - - - - - -

6 Starling 15 <0.01 0.53 0.04 0.2 6.17 1870 2.8 <0.09 1.3 <0.2 27.8 
7 Starling 3.2 <0.oi 2.60 0.03 0.2 5.99 2670 2.2 <0.08 2.l (0.2 30.5 
8 Starling 1 .5 <0.0l 0.54 <0.03 0.2 4.69 2160 3.4 <0.99 2.1 <0.2 25.6 
9 Starling 3.8 <0.01 0.79 <0.02 0.09 4.39 1240 2.0 <0.06 1.3 <0.1 24.4 

I0 Starling 2.l <0.01 0.084 <0.04 <0.1 6.32 827 1 .98 <0.1 10.0 <0.2 24.7 
II Starling 2.3 <0.01 0.082 <0.02 0.07 4.39 862 1 .38 <0.07 0.5 <0.l 21.4 
1 2 Star l ing 1.8 <0.01 0.065 0.03 0.10 4.35 1 650 1 . 77 <0.06 0.3 <0.1 21.6 
1 3 Starling 1 .8 <0.01 0.082 0,03 <0.08 4.89 1420 1 . 44 <0.08 (0.2 <0.2 23.8 
14 Starling 39.6 <0.01 0.052 0.04 O.l 5.26 1 180 3.22 <0.08 4.5 <0.2 24.7 
15 Geometric mean 3.45 0.01 0.2 0.035 � 12 4 .84 1409 1.92 0.09 0.79 0.15 23.2 

Mourning Dove (MD) 
I MD 4.5 <o.0I 0.51 <o.n3 0.l 4.08 367 3.22 <0.09 (0.02 <o.2 24.2 
2 MD 2.9 <0.01 0.17 <0.03 <0.08 3.58 1 87 2.32 < o.08 0.3 <o.2 18.0 
3 MD 1.3 <0.01 0.28 (0.04 <0.1 3.04 187 2.8 <0.1 <0.3 0.2 15.4 
4 MD 2.7 <0.01 0.23 <0.04 <0.l 2.68 251 1 .86 <0.l <0.3 <0.2 15.1 
5 MD 1 .7 <0.01 0.058 <0.02 <0.05 3.28 200 3.56 <0.05 Ko.l <0.l 16.7 
6 Geometric mean 2.39 0.01 0.2 0.03 0.08 3.3 230 2.68 0.08 0.14 0.17 17.6 

PRECON A 

Station Species As Cd Co Cu Fe Mo Ni Pb Sb Se Sn 
• 

Tl V Zn 
Geometric mean ( . 057) 2/ ( .048)8/ ( .6)5/ ( 3.9)3/ (2)_/ <1?/ ( .55)2/ (45.)6/ ( - 448)2/ ( .8)7/ (24.5)8/ 

I Starling <1 0.11 <0.03 3.97 1190 1.3 <0.08 0.6 <0.3 0.6 <0.2 <0.5 0.04 19.1 
2 Starling <I 0.54 0.03 4.07 1 260 0.98 <0.06 0.4 <0.2 0.8 <0.1 <0.4 0.03 16.2 
3 Starling < 1 0.077 0.63 4.41 1650 0.88 <0.07 0.57 <0.3 1.0 <0.2 <0.4 0.03 19.2 
4 Starling <1 o. 17 0.03 4.25 1150 1 .3 <0.07 0.90 <0.3 0.9 <0.l <0.4 0.03 1 9.7 
5 Starling ------
6 Starling <I 0.47 0.04 5.67 1780 1.3 <0.09 1.6 <0.4 0.9 <0.2 <0.5 0.04 25.8 
7 Starling Kl 2.31 0.04 5.56 2530 1.5 <0.0A 2.2 <0.3 <0.9 <0.2 <0.5 0.054 28 . I 
8 Starling < 1 0.50 <0.03 4.41 2090 1 .4 <0.08 2.3 <0.3 <0.8 <0.2 <0.5 0.060 23.8 
9 Starling <I 0.72 0.03 4.23 1220 0.86 <0.06 1 . 6 <0.3 I <o.l <0.4 0.03 23.9 

10 Starling <1 0.075 (0.04 6.08 799 1 • 2 <o.t 10.0 <0.4 <0.6 <0.2 <0.7 0.04 23.3 
II Starling <1 0.079 <0.02 4.13 831 0.82 <0.07 0.72 <0.3 0.6 <0.1 <0.4 0.02 19.8 
12 Starling < I 0.058 <0.03 3.98 1580 2.l <0.06 0.44 <0.2 0.7 0.1 <0.3 0.039 19.8 
13 Starling <1 0.063 <0.03 4 .49 1360 1 .6 <0.08 0.4 <0.3 0.7 <0.2 <0.5 0.04 21 .6 
14 Starling <I 0.05 0.05 4.90 1130 1 .3 <0.08 4 .6 <0.3 0.6 <0.2 <0.5 0.071 22.4 
15 Geometric <1 (10.19 

eang/ 
0.03 4.58 1357 1 2 0.07 1.19 0.3 .76 0.15 0.45 0.04 21.5 

Mourning Dove ( MD) 

I MD <1 0.44 0.03 4.05 353 0.93 0.l 0.3 <0.3 <0.4 <0.2 (0.5 0.05 23.0 
2 MD <1 0.14 <0.04 3.68 184 1.2 <0.08 0.71 <0.3 <0.5 <0.2 <0.5 0.02 17.5 
3 HD <1 0.23 0.l 3.55 194 1 .4 <o.1 (0.3 <0.4 <0.4 1 .0 <0.7 0.03 15.2 

MD <1 0.18 (0.04 2.52 247 0.56 <O.1 <0.2 <0.4 <0.4 <0.2 <0.6 0.06 13.9 
5 HD < I 0.047 <0.02 3.23 199 1.3 <0.05 <0.l <0.2 0.3 <0.1 <0.3 0.034 16.3 
6 Gemetric mean <1 0.16 0.04 3.36 228 1.03 0.08 0.26 0.3 0.39 0.2 0.5 0.04 16.9 

1 / Eisler, Ronald 1986 z/ White, et al. 1977 
37 Environmental Criteria and Assessment Office 1980 
} Environmental Criteria and Assessment Office 1980 
3/ Custer and Mulhern 1983, (96 ppm dry weight converted to wet weight assuming 30% moisture ) 6/ Environmental Protection Agency 1987, Tissue level for human health protection 
Z1 National Research Council 1980 
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The geometric mean for lead in starling samples is above the value reported 
for the Biomonitoring Program (White et al. 1977). The high value of 10 
ppm in one bird sample, however, most likely reflects an anomaly caused by 
the use of lead ammunition during collection. Residues from mourning dove 
data indicates that lead is probably not of significant co~cern in the 
study area. Fleming (1981) reported that lead toxicity is evidenced by 
residues in excess of 20 ppm. 

The geometric mean of 0.76 ppm for selenium from starling samples is above 
the mean value of 0.448 ppm reported by White et al. (1977). In 1973 White 
reported selenium .residues of 0.6 ppm in starlings from Farmington on the 
San Juan River. The maximum residue value in 1973 was reported to be 1.1 
ppm from Yakima Washington. The maximum selenium value in San Juan data is 
1.0 ppm. This indicates that selenium residues in the study area are not 
decreasing and correlates closely with fish residue analysis data that 
selenium levels in the San Juan basin may be increasing. The level of 
selenium in other terrestrial wildlife in the San Juan basin has not been 
investigated. 

Sublethal effects from selenium to terrestrial vertebrates are unlikely to 
occur in the San Juan basin at the levels reported thus far. Eisler (1985) 
indicated that migratory waterfowl were adversely impacted when food chain 
items contained an excess of 12 ppm selenium. Levels detected in this 
study do not rule out the need for additional studies on other species and 
continual monitoring for selenium. 

Summary 

Monitoring studies of wildlife in the San Juan basin indicate that DDT 
residues from past use still persist. The highest residue level of DOE in 
starlings was 3.8 ppm for this study. No other organochlorine compounds 
were detected. 

In fish tissue only-DOE and PCB's occurred in measurable quantities. 
Residue levels for these two contaminants were below national means. Only 
PCB's occur in slightly higher levels in some samples of fish from the 
Animas River. 

Bird and fish samples were also analyzed for heavy metals. In fish samples 
chromium, copper, lead and selenium had residue values that were above the 
national means. In particular, selenium levels in some samples were as 
high as any that occur in the Biomonitoring Program. 

In bird tissue cadmium, copper, iron, and selenium occurred at either high 
or elevated levels. Cadmium, copper, and selenium residue value were 
higher than the geometric mean for samples from either the literature or 
the Biomonitoring Program. It would appear that residue values of these 
heavy metal may be gradually increasing in the environment. 
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Recommendations 

In 1987, fish surveys in the San Juan basin documented the occurrence of a 
reproducing population of the Federally listed Colorado squawfish. To 
insure that this population is not adversely impaired by contaminants, 
additional biotic sampling should occur to monitor the trends of selenium, 
cadmium and chromium in terrestrial and aquatic species. 

An additional source of chemical contamination in the San Juan basin has 
also been identified. The use of landfills in the Farmington area to 
dispose of new generation chemical waste has caused human health problems. 
The Lee Acres landfill, on Bureau of Land Management property has been the 
site of unrestricted dumping of hazardous materials. Materials have been 
dumped in unlined waste storage pits which have already contaminated near­
by shallow aquifers. The compounds involved are both toxic and 
carcinogenic and include toluene, benzene, trichloromethane, 1, 1, 
1-trich10raethane, ethy1benzene, naphthalene and phenanthrene as well as 
other compounds. Protocols should be developed to test for these and other 
priority pollutants since they will undoubtedly end up in the San Juan 
River. 

• 
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additional biotic sampling should occur to monitor the trends of selenium, 
cadmium and chromium in terrestrial and aquatic species. 

An additional source of chemical contamination in the San Juan basin has 
also been identified. The use of landfills in the Farmington area to 
dispose of new generation chemical waste has caused human health problems. 

The Lee Acres landfill, on Bureau of Land Management property has been the 
site of unrestricted dumping of hazardous materials. Materials have been 

dumped in unlined waste storage pits which have already contaminated near­

by shallow aquifers. The compounds involved are both toxic and 

carcinogenic and include toluene, benzene, trichloromethane, 1, 1, 
l-trichloraethane, ethylbenzene, naphthalene and phenanthrene as well as 

other compounds. Protocols should be developed to test for these and other 

priority pollutants since they will undoubtedly end up in the San Juan 

River. 

• 
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