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Abstract

Thirty-eight biological samples fromthe Terrero M ne Waste study area were
anal yzed for 23 inorganic compounds. This analysis was conducted because of
the potential contam nation of fish and wildlife habitat and concern for human
exposure from toxic levels of inorganic conmpounds. The Terrero Mne |and
surface consists of numerous unstabilized spoil and overburden piles which
produce surface runoff to the Pecos River. Mne spoil material was used to
construct a portion of New Mexico H ghway 63 and campground features at WI Il ow
Creek, Terrero, Jack's Creek, and Panchuela canpgrounds. Mamal sanpl es

col |l ected consisted of individual and conposite liver and kidney tissues from
| east chipnunk, gol den-nmantled ground squirrel, and deer mouse. Fish sanples
consi sted of individual edible portion fillet and conposite whol e-body tissue
from rainbow and brown trout. One sanple of liver and kidney tissues from
brown trout was collected. Prior to analysis, all sanples were honopgeni zed
and aliquots were freeze-dried to determine nmoisture content. I nductively
Coupl ed Plasma (I CP) Em ssion nmeasurenment was conducted after acid
preconcentration for 19 elements. A separate digestion for arsenic, |ead,
mercury, and seleniumwas done and Graphite Furnace Atom c Absorption
measurenents were nmade for arsenic, lead, and selenium Analysis of mercury
wae by Cold Vapor Atomic Absorption. O the 23 element5 that were anal yzed,
16 elenents were either not detected or were detected at normal background

| evel s compared to geochenical baseline values and residue levels in simlar
sanmples from New Mexico. The seven elements that exceeded either background
or residue data from biological sanples collected in New Mexico were arsenic,
cadm um copper, lead, zinc, nercury, and selenium O these seven elenents,
copper, zinc, selenium and lead were elevated in biological sanples. The
mexi mum | evel of copper in deer mce was 6.9 ug/g wet weight (w) and in
brown trout 3.38 ug/g wwt. The maxinum levels of zinc detected were 33.97
ug/g wwt in gol den-nmantl ed ground squirrels and 20.88 ug/g Ww in brown trout.
Above Lisboa Springs Hatchery, higher zinc residues were noted in brown trout
tissue. Environnental concern or human health residue | evel s have not been
established for copper or zinc. The maximum |level of selenium in deer nice
was 1.53 mg/g wt and in brown trout was 6.62 ug/g wwt.  Selenium |evel5
exceeded predator protection linmits. Lead residues in both manmal and fish
tissue were elevated in the study area. The maximm |ead concentration of
3.79 ug/g wwt in deer mice was considerably higher than reference data in
simlar species. Whole-body residue level5 in fish, with a maxi mum val ue of
1.45 ug/g wt and a nmean of 1.0 ug/g wwt, were above the 85th percentile and
geonetric mean of the National Contaminant Biononitoring Program (NCBP) data.
Maxi mum | ead residues in edible portion fish tissue (0.27 ug/g wt) are near
the human consunption criterion (greater than 0.3 ug/g). Lead residues in
smal | mammal tissue exceeded the protection criterion of 0.05 mg/kg for prey
items of raptors. Seleniumand |ead residues in whole-body and Iiver and

ki dney portion5 of mammals, a5 well as whol e-body and edible portion fillet5
fromlarger fish, should be investigated.
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The New Mexico Department of Game and Fi sh (NMbc&F) Li sboa Springs Fish

Hat chery is located adjacent to the Pecos River upstream from Pecos, New
Mexico. Water for the hatchery is supplied exclusively by the Pecos River.
In the past, the hatchery has experienced mpjor fish die-offs coincident with
rainfall events in the basin. Changes in water chenmistry and pH as a result
of these rainfall events may be one cause for these die-offs. Toxic effects
fromtrace elenents are also suspected to trigger fish nmortalities. A
potential source of material that may produce water chemistry perturbations is
the Terrero Mne which is |ocated approximately 11.5 niles upstream fromthe
hatchery (Figure 1). The Pecos River upper basin, which enconpasses the
Terrero Mne, is within the general admnistrative boundaries of the Santa Fe
National Forest. The 19-acre abandoned Terrero M ne once produced copper,
zinc, lead, silver, and gold. It is approximately 1.75 niles north of
Terrero, New Mexico, at the confluence of WIllow Creek and the pecos River.
The surface of the mine is prinmarily within the NMpe&F Bert O ancey Fish and
Wldlife Area. The nmine surface consists of numerous spoil and overburden
piles that have not been stabilized. Mterials from the nine have been used
to construct portions of the roadbed for New Mexico H ghway 63 and to
construct roads and pads at the WIlow Creek, Terrero, Jack's Creek, and
Panchuel a canmpgrounds. W Illow Creek flows across a portion of the mine piles
near the Pecos River confluence. Panchuela and WI|ow Creek canpgrounds were
closed by their respective agencies until questions regarding human health
exposure could be answered (NVEID 1990).

Site investigations were developed to identify hazardous materials fromthe
Terrero Mne and canpgrounds adjacent to the Pecos River and WIlow Creek.
These site investigations are joint projects of the u.s. Forest Service
(USFS) , NMDG&F, and New Mexi co Health and Environnent Departnent,
Environnental |nproverent Division (NMVEID), and may be used under the
authority of the Conprehensive Environnmental Response, Conpensation and
Liability Act of 1980 (CERCLA) and Superfund Amendments and Reaut hori zation
Act of 1986 (SARA) to determine if the Terrero Mne is eligible for the
National Priorities List. Prelimnary site investigations involved analysis
of 29 water quality parameters by the NVEID in the Pecos River and WI I ow
Creek and analysis of sedinment soil for five trace elenents, sulfates, and
hydrogen sulfide by Radian Corporation for the USFS. Fish sanples were
collected by the nNMpG&F, USFS, and U S. Fish and WIdlife Service (USFWs) and
were analyzed by the USFS and USFWS for 23 trace elements. Small mammals
collected by the USFS, NMEID, and USFWS at the canpgrounds were analyzed for
the sane 23 elenents by the USFS.

Data for water quality in the upper Pecos River Basin are |limted. In 1982,
NMEI D conducted an anal ytical study of water quality of this portion of the
Pecos River Basin. The report generated by that study indicated that the
concentration values for nost netals were low, although barium cadm um
manganese, and copper were slightly elevated in WIllow Creek (NVEID 1982).
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The USFWS col | ected biol ogical sanples in the Pecos River at Santa Rosa
Reservoir in 1989. Fish samples fromthis site, |ocated approxi mately

100 m | es downstream from Pecos, New Mexi co, indicated that residues of
mercury and sel enium were above the geometric nean from the NCBP (Lowe et al.
1985) .

Study Area

The Pecos River originates in the Santa Fe National Forest at nore than
13,000 feet above nmean sea | evel (MSL) in the Truchas Peak area of the Sangre
de Cristo Muntains of New Mexico. Fromits headwaters at the Santa Barbara
Di vide, the Pecos River descends through granite canyons and open neadows in
the Pecos W/ derness. Bel ow the W/ derness boundary, the Pecos River enters a
broad section of the canyon. At high elevations in the wlderness, vegetation
is domi nated by Engl emann spruce interspersed with aspen and corkbark fir. At
| oner el evations, ponderosa pine, Douglas fir, white fir, |inber pine,
bristle-cone pine, and aspen occur. Riparian vegetation is domnated by
Frenont cottonwood (USFS 1987).

The upper Pecos River is a popular recreational area used by anglers, hikers,
and canmpers. The Pecos River and its tributaries within the study area are
aggregately managed as a high-quality coldwater fishery. There are several
canpgrounds adjacent to the river and its tributaries. Canpgrounds managed by
the USFS include Iron Gate, Jack's Creek, Wndy Bridge, Panchuela, W ndsor
Creek, and Holy Ghost. The NMDG&F manage5 the Bert Clancey Fish and Wldlife
Area which includes the WIllow Creek, Mra, and Terrero canpground5 (USFS
1987).

The climate in the study area at Cow es, New Mexico, tends to be subhumid at
8,000 feet MSL and above. The average annual precipitation is 23.74 inches
and tenperature5 range from lows of -27" F to 90" F with an average tenperature
of 42°F.  The average annual snowfall is 81 inches.

sample Area and Met hods

Bi ol ogi cal sanpl e5 have been collected at several locations in the Terrero

M ne Waste study area (Figure 1). The study area locations will be referred
to a5 the Terrero area in this report. Fish were collected at tw |ocations
on the Pecos River and at one location on Cave Creek. The fish sanple5 from
the Pecos River were collected in May 1990 and the fish from Cave Creek were
collected in Septenber 1990. Fish were collected using a backpack
electroshocker. Individual fillet5 were renoved from the left side of each
fish and packaged in a ziplock bag. A stainless steel fillet knife was used
to remove each fillet, and the knife was washed and rinsed in distilled water
after each sanple. Conposite whol e-body fish sanples were placed in ziplock
bags. Care was taken with all sanples to avoid contact with contam nated
surfaces. Sanples were placed on ice and frozen within 2 hour5 of collection.

Smal | manmal s were collected at three canpground5 and a control site in the
Terrero area in Septenmber 1990. The collection site5 were Panchuela, Jack's
Creek, and WIlow Creek canpgrounds (Figure 1). The control site was |ocated
near the headwaters of WIllow Creek. Collections were made using Sherman live
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traps, Hav-a-Hart, and air rifles. Specimens were euthanized and then

di ssected to renove liver and kidney tissues for analyses. The liver and

ki dneys were renoved from each specinen, placed in ziplock bags, and frozen
imredi ately. Sterile stainless steel dissection tools were used to avoid the
introduction of trace elenments, and dissections were performed on a sterile
surface. Dissection tools were decontani nated between specinmens to avoid
cross-contamnation of sanples. The list of species collected and sanple site
| ocations are shown in Table 1. Sanple analyses were conducted on manmmal
l'iver and kidney tissues, fish edible portion, fish whole-body, and one sanple
of fish liver and kidney for the 23 trace elements listed in Table 2.

Table 1. Biological Sanples and Collection Locations Fromthe Terrero M ne
WASt e study Area.

Nunber of
Collection Site Speci e5 Sanpl es
MAMVAL S Li ver/Ki dney

Panchuel a Canpground Peronmyscus nani cul at us 4
Spernophilus lateralis 2

Jack' s Creek Campground P. nmanicul atus 3
S. lateralis 3

Eut ani as minimus 3

W1l ow Creek Campground P. manicul atus 1
S. lateralis 4

E. minimus 1

Upper Wil ow Creek Control P. manicul atus 3
24

FISH

Pecos River, Above Mira Oncor hynchus mykiss  Fillet 5
Canpgr ound Whol e- body 1
Pecos River, Above Lisboa Salmo trutta Fillet 5
Springs Hatchery Whol e- body 1
Cave Creek, Above Panchuel a S. trutta Fillet 1
Canpgr ound Liver/Kidney _1
14
Total Sanpleb 38

Al sanple5 were anal yzed by Research Triangle Institute (RTI), Research
Triangle Park, North Carolina. Sanples were honogenized and aliquots were
freeze-dried to determne noisture content. Tissue sanples were
preconcentrated by acid digestion prior to Inductively Coupled Plasna (ICP)
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Emi ssion neasurenment using a Plasma Spec | sequential spectrometer. Analysis
by 1cp provided results for 19 trace elements. Detection limts for these

el enents varied between sanples due to different anal ytical protocol requests
fromthe USFWs and USFS (Table 2). A separate digestion for arsenic, |ead,
mercury, and selenium was conducted. G aphite Furnace Atonic Absorption
(GFAA) neasurenents were done for arsenic, |lead, and selenium Analysis of
nmercury residues was by Col d Vapor Atomi c Absorption (CVAA) spectrophot oneter.
Quality control assurance for sanple analysis was provided by RTlI and
confirmed by Patuxent WIldlife Research Center for USFWS sanples. Duplicate
sanpl e and spike sanple analysis was adequate, and precision was within the
95 percent confidence interval. Sanple analysis provided by RTI for the USFS
was also subject to the same quality control assurance. Recovery rates for

| CP ranged from87.5 percent to 110 percent of expected for all elenents and
duplicate sanple analysis was within the 95 percent confidence interval for
two limts of detection.

Table 2. Trace Elenments Analyzed for Biological Sanples, Trace El enment
Abbreviations, and Detection Limts in Dry Wight.

El enent Abbrevi ation Det ection Limts'
Marmmal Fi sh
ug/g ug/g
Al um num Al 20.0 3.0
Ant i nony Sh 20.0 5.0
Barium Ba 1.0 0.5
Beryllium Be 0.2 0.1
Bor on B 2.0 0.5
Cadm um cd 0.5 0.15
Cobal t co 3.0 0.5
Chrom um Cr 3.0 0.5
Copper cu 3.0 0.5
[ron Fe 10.0 10.0
Lead Pb 5.0 1.0 (0.2)?
Magnesi um Mg 10.0 20.0
Manganese M 2.0 0.3
Mol ybdenum Mo 5.0 0.8
Ni ckel Ni 4.0 0.8
Si | ver Ag 5.0 1.5
Strontium Sr 2.0 0.5
Tin sn 20.0 5.0
Vanadi um \Y, 0.5 0.5
Zinc Zn 3.0 1.0
Arsenic As 0.3 0.3
Mercury Hg 0.02 0.02
Sel eni um Se 0.3 0.3

"Includes two fish sanples: one conposite trout whol e-body and one conposite
fish liver and ki dney.
*Lead detection limt 0.2 in Fish and Wldlife Service sanples.



Resul ts

Thirty-eight biological sanples were subnmitted for analysis for this study to
eval uate potential contaminant |evels of trace elenments in the Terrero area
These sanpl es consisted of conposite sanples of liver and kidney renoved from
| east chi pmunk, deer mouse, brown trout and rainbow trout, and brown trout

whol e- body. I ndi vi dual anal ysis on liver and kidney tissue was done for

gol den-nmant | ed ground squirrel and edible portion fillets from rai nbow and
brown trout. The results of these analyses for 23 trace elenents are shown in
Table 3 in dry weight (dw).

To evaluate the significance of detected residue levels for the 23 elenents in
bi ol ogi cal sanples from the Terrero area, the results were conpared to
geocheni cal baseline values in soils from Shackl ette and Boerngen (1984) and
dw values from sanples collected fromthe Rio Gande. Locations of the Rio
Gande sites are shown in Figure 2. These sanples were collected from 1985

t hrough 1987 and the anal yses and species were simlar (Table 4) (Roy and

O Brien 1991).

Research concerning heavy netal residue in tissue is a recent neans of
evaluating contamnation. Background data collection or biological effect
research has not been conducted on nost trace elenents. By conparing detected
residue levels of the 23 trace elenents in this study with a database from New
Mexi co, an assessment of elevation of a particular nmetal can be made. The
geocheni cal baseline value also provides an indication of the relative
abundance of a particular elenent in the environment. Based upon the

conpari sons shown in Table 5, the following trace elenents are at or bel ow
baseline or background levels and will not be evaluated further: alumnum
antinony, barium beryllium boron, cobalt, chromium iron, magnesium
manganese, nol ybdenum nickel, silver, strontium tin, and vanadium Seven
trace elenments were elevated to some degree in biological sanples fromthe
Pecos River and the adjacent canpground areas. These seven elements will be
further evaluated, including cadmum copper, lead, zinc, arsenic, mercury,

and selenium Residue |evels of these elenents are usually discussed in the
literature in fresh or wwt residue values. Wt weight values for these seven
el enents in sanples fromthe Pecos River are shown in Table 6, and conparative
residue levels in ug/g wi in sanples fromthe Rio Grande are shown in

Table 7. Statistical tests of the significance between sites was not possible
due to the collection of different species at the sites or small sanple sizes.

Arsenic

Arsenic is a nonnetallic elenent which is often a by-product of copper and
lead snelting or gold and silver recovery fromore (National Research Counci
[NRC] 1980). The National Acadeny of Science indicates that arsenic may be an
essential trace elenent with beneficial effects sinmlar to those of
antibiotics. There are many different conpounds of arsenic which may occur in
either trivalent or pentavalent form (Goyer 1986)

Fish and manmal s fromthe Terrero area exhibit arsenic residues bel ow t hose
reported to be indicative of arsenic contamination. Concentrations of arsenic
in nost sanples fromthe study area were at or below 0.3 ug/g wwt. For smal
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mamal s, very little data are available on normal residues of arsenic. Ei sl er
(1988b) reported that episodes of wildlife poisoning are infrequent and that
mammal tissue usually contains less than 0.3 ug/g wat. Eisler reported that
background arsenic concentrations in living organisns are usually less than

1 ug/g wt in terrestrial plants, resident wildlife, birds, and aquatic biota.
The | east chiprmunk sanples at Jack's Creek canpground had residues above 0.3
ug/g wwt, With a maximum|level of 1.83 ug/g wwt in an individual |iver/kidney
sanple. By conparison, arsenic residues in rodent species fromthe R o Gande
ranged fromless than 0.05 to 0.10 ug/g wwt.

The maxi mum concentration of arsenic detected in fish fromthe Pecos R ver was
0.3 ug/g wwt. Residues in whole-body fish, edible portion fillet, and fish
liver and kidney were simlar, suggesting that the arsenic forns present are
rapidly excreted (NRC 1980). Brown trout and rainbow trout samples from the
Rio Gande basin exhibited arsenic residues up to 0.53 ug/g wt (Table 7).
Schmitt and Brunbaugh (1990) reported arsenic residues in all species of fish
fromthe United States in 1984 ranging up to 1.5 ug/g wt (Table 8). The
geonetric nmean of all sanples of fish for the NCBP was 0.14 ug/g wwt versus
0.173 ug/g wt for the Pecos River. Analysis of gizzard shad and white bass
for the NCBP in 1984 from Red Bluff Reservoir indicated arsenic residues up to
0.29 ug/g wt. A brown trout sanple of liver/kidney tissue from Panchuel a
Creek canpground had 0.08 ug/g wwt arsenic. These data conpare to arsenic
residues up to 0.082 ug/g ww in rainbow trout liver 'at the Kendrick
Reclamation Project in Wonming (Peterson et al. 1988). ol e-body arsenic
residues greater than 0.5 ug/g were reported by Walsh et al. (1977) to be
harnful to fish and predators that fed on them The data in this study
indicate that localized arsenic contam nation may exist at Jack's Creek
campground; however, levels do not appear to be high enough to cause
environnmental concern.

Cadni um

Cadmiumis a heavy metal that normally occurs in the earth's cruet in mnute
amounts.  The occurrence of cadnmium has been linked to gold and copper m nes.
Cadm um has al so been noted by the NRC (1980) as occurring in zinc ores. The
NMVEI D work plan indicated that a CERCLA report had identified cadmumas a
potential on-site element. Cadmium is reported to produce anema, bone

demi neralization, and Kkidney damage when ingested in npoderate anounts.
Cadmium is antagonistic to the effects of zinc and other essential elenents.

Cadmi um resi dues were detected in all liver/kidney sanples of deer mice from
canpgrounds in the Terrero area. Deer mouse sanples from the control site had
no detectable cadm um residues. Maxi num cadm um residues in mamal
l'iver/Kkidney tissue occurred at WIllow Creek canpground (1.63 ug/g wat),

foll owed by Panchuel a canpground (1.31 ug/g wwt) and Jack's Creek

(0.6 ug/g wwt). Reported residues may reflect runoff from Terrero Mne spoil
piles or construction of canmpground facilities using nmne tailings. A
definitive statenent regardi ng cadm umresidues in manmal s cannot be made due
to different species being collected at the WIllow Creek versus the other
canpgrounds; however, these data clearly indicated that cadmiumis elevated in
the areas influenced by nining activity.
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TABLE I CONTINUED: TRACE BLENENTRESIDUBSINBIOLOGICAL SANPLES (ug/qram dry weight) COLLBCTKD FRON TRE TKRRKRO NINE WASTB SITE AREA, 1990

COMMON
NANE

DBER NOUSE
DEER NOUSE
18T CHIPNUNK
DEER NOUSE
LST CRIPNUNK
LST CRIPMUNK
GR SQRL

GR SQRL

DKKR NOUSB
DKKR HOUSK
CR $QRL

CR SQRL

GR SQRL

DBBR NOUSE
DEER NOUSE
BRE TROUT
X TROUT
DBER NOUSE
DEER XOUSE
LST CRIPNUNK
61 SQRL

DKKR NOUSE
6R SORL

¢r SQRL

DBER NOUSE
6r 3001

M TROUT

M TROUT

M TROUT

I TROUT

™ TROUT

f18 TROUT

BN TROUT

3R TROUT

B TROUT
3R TROUT
BRR TROUT

BRY TROUT

SANPLE
1. (qns)

10.20
10.30
10.00
10.10
9.40
.90
13.20
13.50
10.00
10.70
8.60
10.40
12.10
10.20
10.10
URK
UNK
7.00
10.10
450
11.90
10.90
10.10
8.80
8.10
10.40
546.00
41.00
54.00
39.00
36.00
36.00
363.00
17.00
21.00
15.00
15.00
18.00

015  Cu
71.9 11,10
738 19.30
756 2530
72.6  16.80
748  19.70
756  24.40
15.2 2310
745 1490
73.1 1540
738  13.10
70.1  21.50
69.5  19.30
71.0 1190
734 15.80
740 1740
76.7 1450
76.7 196.00
75.0 24,50
748  21.40
6.8 25.30
719  24.00
745  15.60
758  16.70
756  24.50
746 18.10
748  17.00
73.7 5.51
71.8 1.41
71.4 1.58
73.0 1.51
75.1 1.58
74.6 2.13
15.9  10.00
14.0 231
14.6 1.87
73.5 1.16
740  «0.50
744 <0.50

Fe

961.0
576.0
862.0
506.0
1110.0
764.0
1010.0
709.0
585.0
615.0
161.0
418.0
4570
640.0
598.0
30.7
514.0
506.0
631.0
1090.0
1010.0
479.0
468.0
631.0
4770
7410
166.0
31.1
16.6
17.1
23.0
80.8
304.0
26.7
19.3
22.6
15.3
71.31

1.06

129
103
685
731
708
674
601
615
673
714
688
687
671
120
750
1290
766
808
746
776
580
711
748
11
144
663
1370
1210
1320
1120
1230
1310
1440
1390
1070
1000
1340
1070

Mg

9.35
8.75
1.41
8.11
7.53
8.68
8.10
7.56
6.93
8.96
10.50
9.84
8.22
7.58
7.61
1.80
4.86
5.01
8.68
5.91
5.56
7.19
6.40
10.9
6.56
6.47
10.20
1.07
2.37
093
181
3.00
16.40
3.88
144
2.04
4,65
4.04

Nn Mo Ni Ag

(5.0
(5.0
5.0
(5.0
(5.0
(5.0
(5.0

(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0
(5.0

0.4
(0.8
(0.8
0.4
.4
0.4
(0.8
(0.8
(0.8
(0.8
(0.8
(0.8

.0
.0
.0
(4.0
.0
«.0
(4.0

Sr

2.00
2.00
.00
.00
(1.00
€2.00
.00
€2.00
(2.00
2.00
(1.00
€2.00
(1.00
Q.00
€2.00
19.40
(1.00
2.00
(1.00
€2.00
€2.00
.00
(1.00
2.00
(1.00
.00
32.20

6.76

3.61

1.13

4,96

3.68
35.70
11.30

4,36

483

9.74

791

Sn

(10.0
€20.0
(10.0
€20.0
(10.0
(10.0
€20.0
€20.0
€20.0
€20.0
€20.0
€20.0
0.0
€20.0
(10.0
20.0
€20.0
€20.0
(10.0
€20.0
20.0
€20.0
€20.0
20.0
(10.0
(10.0
(5.0
(5.0
(5.0
(5.0
¢5.0
¢5.0
5.0
(5.0
¢5.0
(5.0
¢5.0
¢5.0

NN~ A A A P e e
OOOO?OHOOO
—= = e = =
Ul Olwvrvanan O o1 o1 o1

—
oo
o1 o

—_
o
(6]

(0.5

N~ N N~~~ -~
QO O O OO OO O >
Ul o1 01 01 O1 OO U1 O an

in

81.6
86.17
103.0
85.7
89.1
99.4
104.0
91.0
85.8
85.5
114.0
109.0
103.0
78.3
84.1
95.6
97.8
98.0
94.3
114.0
8L.7
99.7
101.0
1330
84.0
92.1
101.0
31.0
19.0
20.3
38.3
19.9
185.0
80.3
50.0
44.1
1.2
75.4

Hg

0.118
€0.020
€0.020

0.103
€0.010
€0.020

0.056

0.112
0,020
€0.020

1.280

0.335

0.158
(0.010
(0.010

0.137

0.177
€0.020

0.160
(0.010
(0.010
0.020
€0.020
€0.020

0.115
€0.020

0.020
(0.010

0.098
(0.010

0.041

0.071

0.151

0.185

0.160

0.102

0.079

0.151

Se

5.66
5.55
1.44
4.15
1.44
1.45
3.07
1.97
440
5.11
4.19
3.19
3.13
3.65
454
3.81
18.40
3.05
3.85
3.10
1.69
4.05
1.53
1.31
1.98
2.04
1.69
1.41
1.13
1.33
1.18
1.34
5.86
4.26
5.58
3.56
417
474
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FIGURE 2: Sampie coliection locations of fish and birds in
the Rio Grande Basin in New Mexico, 1985-87.
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Table 5

Ranges of Trace Elenents in Biologica

Sanples fromthe Terrero M ne

Vicinity Conpared to Similar Sanples fromthe Rio Grande and Geochenica

Basel i ne Val ues (ug/g [ppm Dry Weight).

Terrero pecos Ri.

Rio G ande
Geometric nean/
range

Geo Chemical baseline
CGeonetric nmean/range"

>10% CGeonetric nean/

el evat ed" range
Al um num 16.4/3.0-212
Ant i mony ~-/<5.0
Barium 1.0/<0.5-4.28
Beryl lium 0.16/<0.10-0.42
Bor on 1.33/<0.5-3.2
Cadni um ' 0.557/<0.15-7.03
Cobal t -/<0.5
Chrom um 0.82/<0.5-1.29
Copper * 9.95/<0.5-196
[ron 249/17.1-1,110
Lead * 2.54/<0.2-14.0
Magnesi um 853/580-1,440
thgagese 5.59/0.93-16.4
Mol ybdenum -/<0.8
Ni ckel ~-/<0.8
Si | ver -/<1.5
Strontium 3.2/<2.0-35.7
Tin -/<5.0
Vanadi um -/<0.5-1.0
Zi nc * 78.7/20.3-185
Arsenic * 0.47/<0.3-7.49
Mer cury * 0.056/<0.02-1.28
Sel eni um ' 3.17/1.18-28.4

25.0/3.0-660
ND"'
2.18/053-9.5

0.033/0.03-0.037

-/<2.0
0.35/0.09-1.16
N A4/
0.63/<0.24-3.0
8.7/3.3-18.18
157.5/45.4-719
2.26/0.62-5.14
990/677-1,380
11.24/2.42-146
2.01/<1.0-7.08
1.43/0.53-6.15
-/<2.0
40.8/19.5-98.6
43.12/25.5-81.2
0.51/0.30-1.5
106.9/71.1-267
0.4/0.1-2.95
0.1/0.02-0.77
2.1/0.74-5.49

58,000/15,000-230, 000
ND3/
580/200-1, 700
0.68/0.13-3.6
23/5.8-91
/.020-0.182
7.1/1.8-28
41/8.5-200
21/4.9-90
21,000/5,500-80,000
17/5.2-55
7,400/1,500-36,000
380/97-1,500
0.85/0.18-4.0

15/3.4-66
ND3/
200/49-930
ND3/
70/18-270
55/17-180
5.5/1.2-22

0.046/0.0085-0.25
0.23/0.039-1.4

" El evated by >10 percent over Rio Grande or baseline data.
¥ Shacklette and Boerngen (1984)
¥ No data available

¥ Not anal yzed
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TABLE 7: TRACE ELEMENT RESIDUES IN BIOLOGICAL SAMPLES (ug/gram wet weight) COLLECTED AT LOCATIONS IN THE RIO GRANDE

PR 1985-87 (ROY AND O'BRIEN 1991)

COMMON NAME LOCATICN As(wet) Cd(wet) Cu(wet) Pb(wet) Hg(wet) Se(wet) Zn(wet)

BROOK TROUT DOWNSTREAM RED RIVER 0.29 0.11 3.31 ND 0.01 0.45 24,48
BROOK TROUT RED RIVER PASS 0.28 ND 0.90 ND 0.03 0.92  24.05
BROWN TROUT BORDER GAUGE 0.05 0. 08 4,72 1.04 0.20 0.71  34.32
BROMN TROUT COSTILA CREEX 0.06 <0.09 1.01 <1.24 0.11 0.49  33.05
BROWN TROUT COSTILLA CREFX <0.03  <0.09 0.96 (1.16 0.14 0.70  30.85
BROWN TROUT COW PATTY 0.05 <0.05 3.01 <1.08 0.19 0.66  32.61
BROWN TROUT DOWNSTREAM RED RIVER HATCHERY 0.44 0.10 2.71 1.65 0.04 0.52  26.87
BROWN TROUT DOWNSTREAM RED RIVER HATCHERY 0.23 0.27 2.61 1.36 0.01 0.64  40.92
BROWN TROUT DOWNSTREAM RED RIVER HATCHERY 0.53 0.11 2.72 0.37 0.02 0.44  21.52
BROWN TROUT EL NUJAE CAMPGROUND 0.21 0.16 3.26 0.43 0.01 0.70 3341
BROWN TROUT EL AIJAE CAMPGROUND 0.12 0.23 1.59 0.27 0.01 0.43  52.07
BROMN TROUT LEE TRAIL €©0.03  (0.08 1.96  «<1.12 0.20 0.56  27.55
BROWN TROUT NM HWY 3 BRIDGE 0.16 0.18 4.62 ND 0.01 0.64  40.75
BROWN TROUT RED R VER' Rl O GRANDE OONFLUENCE 0.05 0.15 1.61 <1.00 0.01 0.45  43.60
BROWN TROUT SHEEP CANYON (0.03 €0.05 2.04  <1.08 Oll 0.59  29.59
BROWN TROUT UPSTREAM RED RIVER HATCHERY DIV. 0.12 0.28 3.98 ND 0.01 0.57 61.76
BROWN TROUT UPSTREAM RED RIVER HATCHERY DIV. 0.75 ND 2.39 ND 0.06 0.49  25.22
RAINBOW TROUT  COCHITI PUEBLO ND No 1.19 ND 0.07 0.41  23.87
RAINBOW TROUT  DOWNSTREAM RED RIVER 0.47 ND 2.50 ND 0.02 0.27  30.95
RAINBOW TROUT RED RIVER PASS No ND 1.63 ND 0.02 0.21  33.54
RAINBON TROUT RED RIVER/RIO GRANDE CONFLUENCE 0.16 (0.04 1.47 CO. 88 0.02 0.33 31.24
RATNBOW TROUT RI O GRANDE AT SAN FELIPE PUEBLO ND 0.15 2.35 ND 0.01 0.50  39.26
RAINBOW TROUT RIO GRANDE AT SAN FELIPE PUEBLO ND ND 1.30 ND 0.02 0.38 24,34
RAINBOW TROUT  SHEEP CANYON 0.05  <0.08 0.87 a. 30 0.03 0.36 24.70
RG CUTTHROAT  RED RIVER PASS 0.26 ND 1.32 ND 0.02 1.27 18. 88
MICE CHAMBERINO 0.08 0.06 5. 40 0.40  <0.02 0.62  23.10
MICE HATCH 0.05 0.04 6.11 0.30 co.02 0.77  25.60
MICE LOS LUNAS 0.09 0.10 5.90 0.61 0.03 1.40  24.10
MICE RADIUM SPRINGS 0.10 0.33 4,70  <0.20 (0.02 1.50  24.10
MICE STAHMAN FARMS <0.05 0.03 5.00 0.20  <0.02 0.79  23.80
MICE WEST LAS CRUCES (0.05 0.05 5. 60 0.20  <0.02 1.30  25.40

GI
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Table 8. Baseline Concentrations of Trace Elements in Fish (Concentrations in
ug/g wet weight), from Schnmitt and Brumbaugh 1990

El ement and Ceonetric 85t h
Col | ection Period Mean M ni_ mum Percentile Maxi num
Lead

1978-79 0.19 0.10 0.32 6.73

1980- 81 0.17 0.10 0. 25 1.94

1984- 85 0.11 0.01 0.22 4.88
Mer cury

1978-79 0.11 0.01 0.18 1.10

1980- 81 0.03 0.01 0. 06 0.35

1984- 85 0.10 0.01 0.17 0.37
Cadm um

1978-79 0.04 0.01 0.09 0.41

1980- 81 0.03 0.01 0.06 0.35

1984- 85 0.03 0.01 0. 05 0.22
Arsenic

1978-79 0.16 0.04 0.23 2.08

1980- 81 0.14 0.05 0.22 1.69

1984- 85 0.14 0.02 0.27 1.50
Sel eni um

1978-79 0.46 0.09 0.70 3.65

1980- 81 0. 47 0.09 0.71 2. 47

1984- 85 0.42 0.08 0.73 2.30
Copper

1978-79 0. 86 0.29 1.14 38.75

1980- 81 0.68 0.25 0.90 24. 10

1984- 85 0. 65 0.06 1. 00 23.10
Zinc

1978-79 25.63 7.69 46. 26 168. 10

1980- 81 23. 82 8. 82 40. 09 109. 21

1984- 85 21. 70 9.60 34.20 118. 40

Data fromliver and kidney residue anal yses have not been correlated with
residues in nuscle tissue; however, whole-body analysis normally results in

| oner residues of inorganic conmpounds, particularly those that are not lipid
sol ubl e. Beyer et al. (1985) reported on nmetal residues in several species of
mammel s exposed to netal contamination froma zinc snelter in Pennsylvania.
Cadmi um resi dues downwi nd fromthe smelter were reported to be as high as

710 ug/g dwt in soil. Corresponding analysis of white-footed mice indicated
cadmi umresidues less than 1 ug/g wwt in livers and less than 5 ug/g wt in
ki dney. The authors indicated species that deconpose organic natter in soi
and their predators are nost likely to bioaccunulate cadmium  Rodents,
therefore, may not be the best organismto use in this type of study. Ei sler
(1985b) reported that neadow voles froma study conducted to eval uate sewage
sl udge had cadmiumresidues in livers ranging fromO0.8 to 3.1 ug/g w and
residues in kidneys from3.5 to 19.1 ug/g wt. At a control field, nmeadow
voles had residues in liver from0.1 to' 0.7 ug/g wt and residues in kidney
from0.3 to 1.1 ug/g wtt (Maly and Barrett 1984). Cadmium residues in |iver
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and kidney tissue in all species fromthe Terrero area are generally within
the range of values recorded at the control site by Maly and Barrett. The
geonetric mean of all mammalsanpl es (using one-half of the detection limt
for sanmples with no detectable residues) was 0.17 ug/g wwm, which is |ess than
the data reported in literature.

Rai nbow and brown trout sanples fromthe upper Pecos River exhibited cadm um
levels up to 0.759 ug/g dwt (0.36 ug/g wwt). Residue levels were |owest at
the two sites above the Rio Mra (less than 0.04 ug/g w ), while the highest
val ue in a whol e-body conposite was detected above Lisboa Springs Hatchery
(0.18 ug/g wwt). The highest cadnmiumlevel in brown trout (0.36 ug/g Wam) was
found in a conposite liver and kidney from Cave Creek. This is morelikely to
reflect the function of the kidney in waste excretion rather than the
probabl e exposure |evel at Cave Creek (Goyer 1986). Fromthe Rio Gande, the
hi ghest detected cadm umresidue was 0.28 ug/g wwt in a brown trout whol e-body
conposite sanple (Table 7). Higher trace elenent residues in brown trout may
reflect a higher piscivorous trophic | evel than the rainbow trout.

Schmitt and Brunbaugh (1990) reported the results of the 1984-85 NCBP froma
total of 319 conposite sanples of fish from across the United States. The
geonetric mean whol e-body concentration of cadmiumin all fish fromthe NCBP
was 0.03 ug/g wat, with a range from0.01 to 0.22 ug/g. The highest reported
cadm um residue in either whol e-body or edible portion fillet fromthe Pecos
River of 0.18 ug/g wt is bel ow the maxi mum value of all fish fromthe NCBP
(Table 8). Eisler (1985b) reported results of less than 0.05 ug/g wt froma
study of cadmium residues in whol e-body rainbow trout from Arizona. Eisler

i ndi cated that cadm umresidues of in excess 10 ug/g wwm in vertebrate kidney
or 2 ug/g ww in whol e-body should be viewed as evidence of cadm um

cont ami nati on. These sources suggest that cadnium residues from the Terrero
M ne canpgrounds or in the Pecos River do not represent an environnental
hazar d.

Co er

Copper is an essential element for netabolismand plays a key role in

bi ol ogi cal systemsin henogl obin formation. Normal copper residues in
donestic mammal livers are reported to range from 15 to 30 ug/g dwt (NRC
1980). Residues of copper up to 27.4 ug/g dwt were found in mammal
liver/kidney sanples from the Terrero area. Maxinumliver and ki dney copper
residues in micefromthe Rio Gande study site were 18.18 ug/g dwt.  Copper
resi dues were lower in mammal tissue from Jack's Creek and Panchuel a
canpgrounds than those at the control site.

Beyer et al. (1985) reported nmean copper residues in carcasses of white-footed
mice of 2.3 ug/g dwt and 6.7 ug/g dwt from two sites near a zinc snelter.

They reported that anal ysis of carcass tissue versus carcass and internal
organs produced simlar residue results. Studies that report results of liver
and kidney analysis are lacking, although it is normal to observe high netal
residues in mammalliver and kidney tissue.

Fish fromthe Pecos River had maxi num copper residue levels of 0.6 ug/g wst in
edi bl e portion and 3.38 ug/g wwt in whole-body. A sanple of brown trout |iver
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and ki dney tissue had copper residues of 45.67 ug/g wwt. There does not
appear to be any gradient associated with copper residues from sanples
collected above Terrero Mne and those collected below the nine. In

whol e-body conposite trout sanples fromthe Rio Gande, copper values of

0.87 to 4.72 ug/g wwt were reported (Table 7). Data fromthe NCBP in 1984 for
all fishin the United States indicated a range of copper in whol e-body from
0.06 to 23.1 ug/g wt. The NCBP geonetric mean for copper was 0.65 ug/g wwt
and the 85th percentile was 1.0 ug/g wwt. The average value of 1.93 ug/gwwt
for copper residues in whole-body fish fromthe Pecos River is above the NCBP
85th percentile value. There are no predator protection limts for copper;
however, sone countries have placed a legal limt in fish and fishery products
for consunption of 10 ug/g wwt (lrwin 1990). A screening site investigation
of the Terrero Mne and sonme of the water seeps indicated el evated copper
residues in water sanples (Sinclair 1990). Elevated copper residues in some
wat er sanples may correlate with the apparent elevated copper residues in fish
tissue. Copper residues do not appear to be high enough to warrant
environmental concern.

Lead

At the Terrero M ne and the canpgrounds along the Pecos River, |ead has been
identified as an environnental concern, particularly because |ead was nmined at
the site. The NRC (1980) reported that |ead occurs nost often in the

envi ronnment as |ead sulfate (Pbso,) which is nore soluble in organic nedia.
Lead residues in manmmal tissue (liver and kidney) in the Terrero area were
detected up to 3.79 ug/g wt (14.0 ug/g dwt). The detection limts used by
RTI for lead in manmmal tissue in this study were not sensitive enough to
adequately assess exposure in the small mamals. Residues of |ead were
detected in small mammals at Panchuel a and Jack's Creek canpgrounds. Deer
nmouse tissue exhibited elevated | ead residues at Panchuel a campground. In
rodent |iver/kidney tissue fromthe Rio Grande study area, |lead residues up to
0.61 ug/g wwt were detected. These residue values are considerably |ower than
residues detected in sanples from Panchuela and Jack's Creek canpgrounds.

At Cab Ochard National WIldlife Refuge, lead residues in small manmmal |iver
sampl es fromcontrol sites were |less than 0.20 ug/g wat. Smal | manmmal s from
dunp areas with soil lead residues from230 to 7000 mg/1 had | ead residues in
livers up to 0.28 ug/g wt (Ruelle 1983). The nmaxinum |l ead residue detected
in soils in the Terrero Mne Waste study area was54 mg/l at Panchuel a

canpgr ound.

Beyer et al. (1985) investigated |lead residues in small nammal s using
white-footed mice as study specimens. Carcasses of mce from contam nated
sites had lead residues from7.4 to 17 ug/g dw. In a study of small nmammals
to assess | ead residues from hi ghway pollution, mean |ead residues in
carcasses mnus stonmach contents varied from9.7 to 34.8 ug/g dw at

contam nated sites and from6.4 to 16.6 ug/g dwt at control sites (Goldsnith
and Scanlon 1977). Cark (1979) also investigated the levels of lead in small
mamrmal s adj acent to a major highway to deternmine |levels of contamination. The
mammal s, consisting of meadow vol es and white-footed nice, were anal yzed whol e
except for the gastrointestinal tract and any | arge enbryos which were
removed. Cark reported ranges of |ead in meadow vol es adjacent to a hi ghway
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up to 5.0 ug/g wt and in white-footed mce up to 41.0 ug/g wwt. At a control
site, values' in neadow voles were reported up to 1.4 ug/g and in white-footed
mce up to 13 ug/g wwt.

A correlation of |ead exposure from carcass residues versus residues in
liver/kidney tissue cannot be made. Since |ead bioaccumulates in bone, nost
of the body burden is in the skeleton. Concentrations of lead in |iver/Kkidney
tissue represent chronic exposure due to levels present in the environnent.
Therefore, lead residue data fromthis study nmay underrepresent actual

bi oaccunul ation in manmals in the study area.

The maxi mum concentration of |lead detected in fish (1.48 ug/g wt) was in a
liver and kidney sample of brown trout from Cave Creek. Lead residues in
whol e-body fish sanples were highest in rainbow trout above the Rio Mra.
Conversely, higher lead residues in fillets were present in brown trout above
Li sboa Springs Hatchery (maxi num = 0.27 ug/g wwt). Because different fish
species, tissues, and detection linits were used, it is not possible to
deternmine if lead residues increased downstream Consequently, data from the
Rio Grande and the Pecos River cannot be conpared except to observe that |ead
was not detected in whol e-body sanples fromthe Rio Gande study with the
exception of the Red River (Table 7). However, data from the Terrero area
support the theory of chronic |ead exposure in fish.

Lead contamination in fish is slightly easier to interpret. Schmtt and
Brunbaugh (1990) reported that levels of lead in fish fromthe NCBP in 1984
ranged fromO0.01 to 4.88 ug/g wwt with a geonmetric nean of 0.11 ug/g wt. The
NCBP data from whol e-body fish suggest that |ead residues in fish fromthe
Pecos River are elevated. Peterson et al. (1988) reported whol e-body |ead
residues in rainbow trout generally less than 0.20 ug/g wat. Schmtt and

Fi nger (1987) reported on | ead concentrations in edible portion fillet from

| argenout h bass and other fish during a study of different sanple preparation
t echni ques. In largemouth bass from a control site, lead residues in edible
portion were less than 0.005 ug/g wwt. The maximum residue of lead in edible
portion brown trout fromthe Terrero M ne Waste study was'0.27 ug/g wwt.

Sinclair (1990) described lead residues in water fromm ne seeps at the
Terrero mine from1.9 to 2.5 mg/l. Lead residues of 0.12 mg/l were detected
bel ow a beaver dam on WIllow Creek, prior to discharging into the Pecos River.
Freshwater (with a hardness of 100 mg/1) aquatic life criterion for lead is 32
ug/l and freshwater chronic criterion is 3.2 mg/l. The lead residues reported
by Sinclair exceed the freshwater chronic criterion at sites downstream on
Wllow Creek and on the Pecos River below the WIllow Creek confluence.

Al though there is anple literature available related to lead and its toxic
effects, there are no criteria established for safe | evels for consunption
over an extended period of tine (Botts 1977). Eisler (1988a) offered the
following criteria as evidence of wildlife contami nation or human health risk:
donmestic livestock, less than 1.1 ug/g wt in liver or kidney; small nammals
protection, residues |less than 0.05 mg/kg body weight; raptors, food intake

| ess than 10 mg/kg body wei ght; and human consunption, greater than 0.3 ug/g
fresh weight in edible portions. Based upon these criteria, there is no

i mredi ate human health risk from fish consunption, except fromlarger fish
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whi ch exceed these criteria. Lead residues in small manmmals may represent a
threat to predators, particularly bald eagles and other raptors. H gher |ead
levels are likely to be present in whole-body carcasses of mammal s than were
detected in this study.

Zinc

Zinc is one of the mnerals that was mned at the Terrero Mne. Screening
site investigations conducted at the mne and the mine dunp reveal ed zinc
concentrations ranging from4,200 to 29,000 ug/g in the mne spoils (Sinclair
1990). Zinc is a nutritionally essential metal, and zinc toxicity in humans
requires nmssive exposure. Zinc does not accumulate in humans with continued
exposure (Goyer 1986). In domestic animals, dietary zinc requirenents range
from40 to 100 mg/kg dwt daily. No adverse physiological effects were
observed with diets that had zinc concentrations |ess than 400 mg/kg (NRC

1980). Normal residue levels of zinc in fish and wildlife tissue appear to be
rather rare in the literature.

Zinc concentrations in small mammal |iver/kidney sanples in the Terrero area
ranged from 20.83 to 33.97 ug/g wt (geonetric mean = 24.7 ug/g wwt). Zinc
concentrations in small mammal |iver/kidney tissue fromthe Rio Gande were up
to 25.4 ug/g wwt (geonmetric mean = 24.3 ug/g). There does not appear to be
any difference in zinc concentrations between small manmmals collected at sites
in the Terrero area and those collected fromthe Rio Gande. Aso, there does
not appear to be any difference in zinc concentration between different
species or sites in the area. Beyer et al. (1985) analyzed white-footed muse
carcasses rather than liver and kidney tissues. They reported zinc residues
from 145 to 192 ug/g dwt (Terrero M ne mammal carcasses = 78.3 to 133 ug/g
dwt). Sileo and Beyer (1985) found zinc concentrations in deer |iver

(78-368 ug/g dwt) and kidney (211-454 ug/g dwt) near a zinc smelter conpared
to 95 to 182 ug/g dwt in liver and 103-205 ug/g dw in Kkidney from deer 100
mles fromthe snelter. Based upon the previous studies, zinc does not appear
to be elevated in mammal specinmens at the canpgrounds.

In edible portion fish samples from the Terrero area, zinc concentrations up
to 20.88 ug/g were detected. The geonetric mean of zinc in fillets of rainbow
trout collected above Rio Mbra was 7.8 ug/g wut versus 16.3 ug/g wd in
fillets of brown trout collected above Lisbhoa Springs Hatchery. Although
different fish species are involved, it appears that zinc concentrations have
approxi mately doubled downstream By conparison, zinc concentrations in

whol e-body brown trout (44.6 ug/g wt) were also nearly double the val ue
recorded for rainbow trout (26.6 ug/g wt). Brown trout sanples from Cave
Creek had concentrations of zinc in edible portion of 22.27 ug/g wwt and in
l'iver/Kkidney of 22.79 ug/g wat. From the Rio Gande, exclusive of the Red
River, zinc concentrations in whole-body brown trout ranged from24.48 to
34.32 ug/g wt (geonetric mean = 30.63 ug/g ww). Brown trout from the Red
Ri ver (which is influenced by mne tailings) had a geonetric nean zinc
concentration of 36.46 ug/g wwt (Table 7).

Schmitt and Finger (1987) reported a geonetric nean zinc residue in edible
portion fish fillet of 9.19 ug/g wt for three species of fish. Data from the
NCBP for all fish species in 1984 indicated that whol e-body zinc residues
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range from9.6 to 118.4 ug/g wt. The NCBP geonetric mean was 21.7 ug/g and
the 85th percentile was 34.2 ug/g wt. Data available for zinc in surface
wat er and seeps indicate that neither freshwater acute nor chronic criteria
for aquatic life are exceeded. Sinclair (1990) reported zinc concentrations
of 910 and 200 mg/l in seeps, 44 mg/l in the beaver stream and 0.10 mg/l at
the diversion on the pPecos River. The freshwater acute criterion for zinc is
120 ug/l and the freshwater chronic criterion is 110 ug/l (EPA 1986).

Al t hough zinc concentrations in fish were el evated downstream fromthe Terrero
Mne, there is no evidence to indicate an environnental hazard to fish and
wildlife. There is no human health criterion established for zinc, nor are
there any recommended |evels of concern for wildlife.

Mercury

O all the inorganic conpounds evaluated at the Terrero area, nmercury is
perhaps the nost hazardous to wildlife and human health. Mercury is not an
essential element for biological processes. lnorganic nercury is usually
bi omet hyl ated, either by an organi smupon ingestion or before ingestion by
interaction with carbon compounds. Organic nercurial compounds are highly
|ipid-soluble and are easily absorbed. Methylnercury is particularly
lipid-soluble; therefore, absorption in body fat accounts for 60 to

100 percent of intake in all species (NRC 1980).

In small mammal sanples fromthe canpgrounds in the Terrero area, nercury
residues up to 0.38 ug/g wt were detected in liver and ki dney tissue.

Anal ysis of liver and kidney sanples may provide a | ower estinmate of nercury
residues in small nmammal s because lipids in carcasses probably absorb nore
mercury. Based upon the data in Table 6, however, there is little difference
between nercury residues detected at any of the canpsites. The mercury |evels
in ground squirrels at Panchuela and Jack's Creek canpgrounds may be a
function of the feeding habits of the species/rather than the |evel of
mercury present. Wen (1986) reported data describing normal |evels of
mercury. Wen referenced Finreite et al. (1970) who reported residues up to
0.84 ug/g wt (nean = 0.23 ug/g wwt) in white-footed nmouse livers and up to
3.47 ug/g wwt (nmean = 1.05 ug/g wwt) in Richardson's ground squirrel. The
sane paper presented nmercury residues up to 0.07 ug/g wt (rmean = 0.04 ug/g
wwt) in woodmouse liver tissue and up to 0.27 ug/g wt (nmean = 0.04 ug/g wwt)
in kidney fromBull et al. (1977). These data from Bull et al. were
considered to represent normal residues of mercury from a control area.
Simlarly, mercury data for mice fromthe Rio Gande (Table 7) can also be
consi dered normal background levels. Mercury residues in the Rio Gande area
ranged fromless than 0.02 to 0.03 ug/g wwt. Based upon the data referenced
above, nercury residues in small mammals fromthe Terrero area appear to be at
normal background |evels.

The maxi mum nercury residue detected in whol e-body trout fromthe Terrero area
was 0.04 ug/g wawt. Mercury residues up to 0.06 ug/g wwt (geonetric nean =
0.029 ug/g wt) were detected in edible portion fillet. There was no
discernible difference in residue levels in edible portion fillets between the
sanple sites above the Rio Mra and above Lisboa Springs Hatchery. The sanple
of brown trout liver/kidney tissue had a residue |evel of 0.04 ug/g wt, which
falls within the range of values for fillets analyzed for this study. | n
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sanpl es of brown trout (Table 7) fromthe Rio Grande Basin, the nmaxi num
mercury residues were 0.2 ug/g wat in whol e-body sanpl es. In rai nbow

whol e-body sanples from the Rio Gande, the maximum detected |evel was 0.07
ug/g wwt. A study of mercury residues in fish from Lake QGake, South Dakota

i ndi cates mercury residues up to 2.3 ug/g wut in whol e-body fish from areas
consi dered contanminated, whereas fish from a control area had mercury residues
up to 0.7 ug/g wt (EPA 1973). \Walter et al. (1973) reported that the higher
nmercury residues in fish sanples fromLake Cake occurred al though all water
sanpl es anal yzed had mercury residues less than 0.2 ug/1. Data from the NCBP
for 1984 for nmercury residues in all fish species ranged from0.01 to 0.37
ug/g W (geonetric nean = 0.10 ug/g wwt) (Schnmitt and Brunbaugh 1990).

Data on nercury residues in edible portion fillets are not readily available
in the literature. However, Phillips et al. (1980) noted that nercury
concentrations in fish increased with the size and age of the fish. Maxinum
concentrations in a particular species were: northern pike, 1.53 ug/g W ;
sauger, 1.4 ug/g wwt; walleye, 1.3 ug/g wt; black crappie, 0.64 ug/g WM ; and
white crappie, 0.60 ug/g wt. Mercury concentration ranged from 0.18 to
0.95 ug/g Wt in axial muscle tissue of walleye froma reference site in
Wsconsin (Rada et al. 1986). Kleinert and Degurse (1972) reported average
mercury residues fromO0.01 to 0.20 ug/g wwt (average 0.09 ug/g wat) in fish
fillets froma control area in Wsconsin. They also indicated that

nmet hyl nercury represented 75 to 100 percent of detected residues.

For nmercury, the current freshwater acute criterion for aquatic life
protection is 2.4 ug/l and the chronic criterion is 0.012 ug/1 (EPA 1986).
Sinclair (1990) did not report any nercury above the detection limt of 0.005
mg/1l. According to Cope et al. (1990), in low salinity water, nercury tends
to accunulate to higher concentrations in fish and nercury concentrations are
usual Iy negatively correlated to pH. The relatively high pH values in the
Pecos River, with the exception of the seeps reported by Sinclair (1990), may
limt nercury uptake

Currently, the nmaxi numrecommended | evel of nercury in food itens for
protection of avian predators is recognized as 0.1 ug/g w. To protect snal
mammal s, mercury residues in food items should not exceed 1.1 ug/g wwt.

Ei sl er (1987) noted that nercury contam nation was evident if concentrations
in kidney, brain, blood, hair, or liver tissue exceeded 1.1 ug/g. To protect
human health, mercury in food items should not exceed 1.0 ug/g (EPA 1985).
Based upon this recommendation, as well as information presented in the
literature and a conparison of sanples fromother studies, mercury does not
appear to he elevated in the Terrero area

Sel eni um

Sel eniumis perhaps the nost intensely investigated inorganic contaminant in
fish and wildlife. Seleniumis a beneficial trace element for both wildlife
and humans; however, at high levels, it can be toxic in the environnent
Seleniumis simlar to sulfur in its chemical properties and occurs in severa
oxidation states. Soluble inorganic selenites are highly toxic, as are
selenite conmpounds (NRC 1980). The nmetabolic effects of seleniumare highly
conplex.  Chronic exposure to elevated |evels can result in increased cellular
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carcinomas, Wwhile acute exposure can damage the central nervous system
Seleniumin trace amounts has apparent antidotal characteristics against other
carcinogenic agents such as arsenic, cadnmium and nercury (CGoyer 1986).

Sel eniumresidues in small mammal |iver/kidney tissue in the Terrero area
ranged from 0.46 ug/g wwt to 1.53 ug/g wwt (geonetric nean = 0.835 ug/g wwt).
Residues in sanples of deer miceand ground squirrels are slightly higher at
Panchuel a canpground with maxi mum |l evels of 1.53 ug/g wt and 1.25 ug/g wat,
respectively. In mouse sanples fromthe Rio Gande, the nmaxi num sel eni um
residue was 1.5 ug/g wwt with a geometric nmean of 1.0 ug/g wawt. Normal |evels
of seleniumin manmmal |ivers appear to be fairly variable and depend upon the
age of the animal. Cark et al. (1989) reported a geonetric nean val ue of
1.69 ug/g wwt seleniumin raccoon liver, with a maximm reported |evel of

5.0 ug/g wt at a control site (Volta). By conparison Kesterson sanples had a
geonetric nmean of 19.9 ug/g wwt and a naxi num val ue of 31 ug/g wwt. Chl endor f
(1989) , reporting on studies by Cark (1987), indicated that values froma
control site at Volta had average liver seleniumresidues of 0.228 ug/g wwt.
Based upon these limted data, it would appear that selenium residues are at
normal concentrations in mamals from canpgrounds in the Pecos River area.

The majority of seleniumdata in the literature are fromanal ysis of

whol e-body fish. Saiki and Lowe (1987) reported that ". . . selenium
concentrations in fish nuscle rarely exceed 1 ug/g wt in the absence of
geol ogical or industrial sources." Based upon research by Gllespie

et al. (1988), skeletal nuscle accunmulates the |east amunt of selenium

Maxi mum sel eni um resi dues of 1.4 ug/g wwt were detected in conposite sanples
of nmosquito fish at a control site at Volta (Ohlendorf et al. 1986). Frathead
m nnows at the Volta site had nean sel eni um concentrations of 2.4 ug/g dwt,
and inland silverside mnnow had 1.3 ug/g dwt (Chlendorf et al. 1987).

Simlar levels in other studies of whole-body fish have been reported for
control data (Rompala et al. 1984, WIlson and Allen 1989, OChlendorf 1989). In
1984, selenium geonetric nmean concentration in all fish from the NCBP was

0.42 ug/g wt, and the 85th percentile was 0.73 ug/g wt (Schnitt and

Br unbaugh 1990).

Resi dues of seleniumin fillets are normally close to whol e-body

concentrations (Schnmtt and Finger 1987). In the data fromthe Terrero area,
seleniumresidues in the two conposite whol e-body trout sanples were 0.44 ug/g
ww (rainbow) and 1.41 ug/g wt (brown). Residues in edible portion trout
fillets ranged from0.34 to 1.41 ug/g wwt. The geonetric nean sel enium
residue in brown trout fillets above Lisboa Springs Hatchery was 1.17 ug/g
versus 0.34 ug/g in rainbow trout above the Rio Mora. Although selenium
appears to increase downstream this may be an anomaly related to the nore

pi scivorous food habits of brown trout relative to rainbow trout.

Sel eni um concentrations in whol e-body trout fromthe Rio Gande (Table 7)
ranged from0.21 to 1.27 ug/g wwt. Brown trout (0.57 ug/g wat) had hi gher
geonetric mean val ues than rainbow trout (0.33 ug/g); however, selenium
residue levels seemto be less than those in trout from the Pecos River.

Hi gher seleniumlevels were also detected in the brown trout sanple at
Panchuel a canpground. The maxi mum sel enium | evel detected was 6.62 ug/g W
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in a brown trout liver/kidney sanple from Panchuela canpground. Fish
concentrate selenium in visceral tissue, with liver accunul ating seleniumfrom
590 to 35,000 times the environmental concentration (Lemy 1985 and G|l espie
et al. 1988). Peterson et al. (1988) provided data fromrainbow trout |iver
tissue for selenium ranging from4.2 to 39 ug/g wt with the | ow val ue
appearing to originate froma clean site.

Sel enium was not detected (i.e., less than 0.005 mg/l) in any surface water
sanpl es collected from the Pecos River or the mne seeps (Sinclair 1990). The
freshwater acute criterion for seleniumis 260 ug/l and the freshwater chronic
criterionis 35 ug/l for aquatic life protection (EPA 1986). Saiki and Lowe
(1987) reported that seleniumconcentrations range from0.0001 to 0.160 mg/1
and average about 0.001 mg/l in nost fresh waters. For the protection of

hi gher level predators, body burdens of sel enium above 0.5 ug/g fresh wei ght
have been considered to be harnful (Walsh et al. 1977). Sel enium residues
greater than 3 ug/g dwt could cause toxic effects in fish and wildlife.

Sel eni um whol e-body concentrations greater than 12 ug/g dw or visceral
residues greater than 16 ug/g dwt can cause reproductive failure in fish

(G llespie and Baumann 1986 and Lemy and Smith 1987). Eisler (1985a)
reported that the maxi num safe human dietary |evel of selenium should not
exceed 5 mg/kg fresh weight. Based upon these reconmendations, there does not
appear to be a human health risk from sel enium at the canpgrounds or from
eating fish fillets. Selenium residues in fish tissue also are bhelow |evels
that inpair fish reproduction. However, residues in fish and manmmal tissue
exceed the predator protection limts and may contribute to unacceptabl e body
burdens in higher food chain organisms.

Sunmmary

Thirty-eight biological sanples of fish and mammals collected in the Pecos

Ri ver and from canpgrounds constructed with mne spoil fromthe Terrero M ne
were analyzed for 23 inorganic conpounds. Individual and conposite samples of
l'iver/kidney, whole-body, and edible portion fillets were analyzed. Specimens
col l ected included gol den-mantl ed ground squirrels, |east chipmunks, deer

mce, brown trout, and rainbow trout. Analytical results were conpared to
geocheni cal baseline residues in soils, as well as data for sinilar species
fromother study areas in New Mexico to determine if .any el ements were
elevated to harnful levels. Based upon these conparisons, the following trace
el enents were at or below normal background |evels: aluminum antinony,
barium beryllium boron, cobalt, chromum iron, magnesium nanganese,

mol ybdenum nickel, silver, strontium tin, and vanadium Seven elenents were
elevated in sanples from the Pecos River and adjacent canpground areas:
arsenic, cadmum copper, lead, zinc, nercury, and selenium

Arseni ¢ residues in nost of the sanples fromthe Terrero area were bel ow 0.3
ug/g wwt. The exception was an individual |east chipmunk sanmple from Jack's
Creek Campground (max = 1.83 ug/g wwt). The maxi num arsenic concentration in
edible portion fish was 0.3 ug/g wt. There does not appear to be any
correlation between site locations and arsenic levels in the study area.

Ei sler (198833) listed arsenic residues below 0.3 ug/g wt as normal levels in
environmental sanples. Based upon these data, arsenic contamnation in the
study area is not of environnental concern.
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Cadm um was detected in mammalsanples of liver and kidney tissue at a maxi mum
concentration of 1.63 ug/g wt at WIIlow Creek canpground. Cadmium levels in
the Terrero area did not appear to be higher in any one species or at any one

| ocation. The maxi num|evel of cadmumin fish was 0.36 ug/g w. The

hi ghest cadmium |l evels in brown trout whol e-body conposites (0.18 ug/g wwt)
were above Lishoa Springs Hatchery. Eisler (1985b) reported that cadm um

resi dues greater than 10 ug/g WM in vertebrate kidney or greater than

2 ug/g wt in whol e-body is evidence of cadm um contani nati on. Based upon the
data from this study, cadnmium does not represent an environnmental hazard.

Copper residues up to 27.4 ug/g dwt (6.9 ug/g W) in nmanmmal |iver/Kkidney
sanpl es are bel ow the nornmal range of 30 ug/g dwt in donestic manmmal s reported
by the NRC.  Copper residues were higher in the Pecos sanples than in nice
fromthe Rio Gande sanples. The maxi num concentration of copper was 0.6 ug/g
ww in edible portion fish fillet and 3.38 ug/g wwt in whol e-body. Average
nmean copper residues in whole-body fish fromthe Pecos River were greater than
geonetric nean values of copper from the 1984 NCBP. Copper residues were not
higher in fish downstream from the Terrero Mne. \Wile some samples indicate
copper may be elevated, residue levels are not high enough to warrant

envi ronment al concer n.

The maxi mum | ead concentration in manmmal |iver/kidney tissue was 3.79 ug/g
wwv. This is considerably higher than the 0.61 ug/g wwt |evels detected in
Rio Gande mammals. Lead residues were detected in manmmals from Panchuel a
Creek and Jack's Creek canpgrounds. The highest reported lead residue in fish
was 1.48 ug/g wwt in a liver/kidney sanple from Cave Creek, while the highest
reported edible portion level was 0.27 ug/g w in brown trout collected above
the Lisboa Springs Hatchery. The maxi mum whol e-body | evel was 1.45 ug/g wat
in a rainbow trout sanmple. Normal residues of lead in whole-body fish in the
NCBP range from 0.01 to 4.88 ug/g wat (geonetric nean 0.11 ug/g wwt). Average
nean | ead residues in whole-body fish (1.0 ug/g wt) fromthe Pecos River
appear elevated above the NCBP data.

Lead residues in water exceed aquatic life criteria (acute 8.2 ug/1, chronic
3.6 ug/l) (EPA 1986). Eisler (1988a) recommended a human consunption
criterion of not morethan 0.3 ug/g fresh weight in edible portion.
Therefore, a human health risk due to consunption of fish nmay not currently
exist; however larger fish may have much higher lead |evels. In smal |
mammal s, consunption of food items greater than 0.05 ug/g may exceed wildlife
protection criteria. Raptors have been noted to show clinical signs of I|ead
poi soning at levels greater than 10 ug/g fresh weight in diet items. Higher
| ead residues in mammal whol e- body sanpl es have been docunented in the
literature. Therefore, lead residues in prey mayrepresent an environnental
hazard to raptors, particularly bald eagles. Adverse human health effects
shoul d not be ruled out until additional contaninant investigations are
conduct ed.

Zinc concentrations up to 33.97 ug/g wwt were detected in manmals fromthe
Pecos conpared to maxi num detected residues of 25.4 ug/g wtt fromthe Rio
Grande. Geonetric nean concentrations were simlar. No differences in manmmal
zinc residues were noted between any of the canmpgrounds. The naxi num zinc
concentration was 20.88 ug/g wwt in edible fish fillet. Zinc residues in fish
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edi bl e portion appear to be el evated above the Lishoa Springs Hatchery. Znc

residues in edible portion fish fillets are elevated in conparison to the
NCBP, but are simlar to residues detected in sanples fromthe Red River,
which is influenced by mine tailings. Zinc levels maynot be high enough to
warrant environmental concern for fish and wildlife. However, criteria to
protect fish, wildlife, and hunman health have not been established

The maximum | evel of nmercury in manmal |iver and kidney tissue was 0.38 ug/g
wwt. No differences in nercury residues in mammal s were observed between
campgrounds.  Mercury residues in mamal tissue at the Terrero area
canpgrounds were simlar to |levels observed fromthe Rio Gande and reported
in the literature from noncontami nated areas. The maxinmum |evel of detectable
nercury was 0.04 ug/g wwt in whol e-body trout fromthe Pecos River and

0.06 ug/g wwt in edible portion fish fillet. Mercury residues in sanples
above Lisboa Springs Hatchery were no higher than those of upstream sites

Maxi mum nercury residues in whol e-body fish fromthe Pecos River were |ess
than the geometic mean val ue of nercury in the NCBP. Eisler (1987) reported
that nercury contanination was evident if concentrations in kidney, brain,

bl ood, hair, or liver tissue exceeded 1.1 ug/g. The recomended |evel of
mercury in food items is 0.1 ug/g fresh weight for protection of avian
predators and 1.0 ug/g for the protection of human health. Based upon these
reconmendati ons, mercury contanination does not appear to be a problemin the
Terrero area

The maxi mum | evel of seleniumin small mammal |iver and kidney tissue
col l ected from canmpgrounds in the study area was 1.53 ug/g wwt (geonetric nean
= 0.835 ug/g wt). No difference in selenium residue levels could be

determ ned between canpgrounds. Residues of seleniumin small namal tissue
were simlar to levels fromthe Rio G ande and control sites reported in the
literature. Selenium residues in fish whole-body sanples were 0.44 and 1.41
ug/g wwt. In edible portion fish fillets, the maximumlevel was 1.41 ug/g
wwt.  Seleniumin fish sanpl es appears to increase downstrean however, this
maybe due to species differences rather than environmental concentration

Sel eniumresidues in edible portion fillets and whol e-body fish were at |evels
simlar to control sites reported in the literature. Saiki and Lowe (1987)
reported that seleniumresidues in fish tissue are usually 1.0 ug/g WM in the
absence of geological or industrial selenium sources. Selenium residues in

bi ol ogi cal sanples in the Terrero area were below levels that result in direct
environnmental damage or pose a risk to human health. However, selenium
residues in fish and manmal tissue exceed predator protection linmts and may
contribute to unacceptable body burdens in high food chain organisns.

Recommendat i ons

The study results indicate that |evels of copper, zinc, lead, and sel eniumare
el evated in sone biological sanples. To clarify risk factors associated with
selenium and | ead contamination in fish, manmal s, avian predators, and human
health, additional sanples need to be collected. To provide statistica
credibility to future studies in the study area, sinilar species need to be
collected at each canpground and river location. Sanple size for terrestrial
sites should be at least 10 individuals with duplicate sanmples. Wol e-body
and liver/kidney tissue sanples should be analyzed. Selenium and |ead should
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be anal yzed by Graphite Furnace Atonic Absorption Spectroscopy with detection
limts of 0.3 and 0.2 ug/g dwt, respectively. Additional fish edible portion
fillet and whol e-body samples should be collected and analyzed. Sanple size
should be 10 individuals with duplicate samples fromat |east six |ocations on
the Pecos River. The control site should be above those areas influenced by
mne spoil at canpgrounds and roads. Another method of determ ning sublethal
exposure to lead is by the use of enzyme blood neasurements from live sanples.
Level s of lead in blood can be nmeasured by using delta am nol evul enic acid
dehydratase (delta-ALAD) as an indicator to determ ne biochenical changes.
Exposure to | ead causes a decrease of delta-ALAD (Friend 1985).

The Terrero M ne spoil piles should be stabilized to elininate the seeps high
in selenium lead, zinc, copper and other metals. Capping the piles to
mnimze infiltration of rain through the nmne waste would elimnate a major
source of contamination in the Pecos River. To elinmnate |lead sources at the
canmpgrounds, exposed areas constructed with nmine tailings should either be
removed or covered with noncontaminated naterial. Surface drainage across
canpground areas mnight also be intercepted to elinmnate | eaching nmetals and
uptake by plants.
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