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natogeame-per L er i n i i i ppt

Conver si ons

Wet weight = (dry weight) (1 - (percent noisture/100)
Dry weight = (wet weight)/ (1 - (percent noisture/100)

i v
Executive Sumrary

In 1989, a reconnai ssance investigation of the Las Vegas National WIldlife

Ref uge (Las Vegas NWR) in New Mexico was conducted to determine if inorganic
and organi ¢c contam nants were present in sedinment and biota. Sanples of

sedi nent, and plant, invertebrate, fish, and bird tissue were collected from
eight sites and analyzed to determne if trace el enents, organochlorine
conpounds and chl orophenoxy aci d herbicides were present at |evels which would
pose risks to fish and wildlife resources.

Al'l bird tissue and nost fish tissue sanples had detectable | evels of DDE and
one kil ldeer sanple containing 3.7 parts per mllion (ppm exceeded the
predator alert level of 1.0 ppm (National Acadeny of Sciences 1973). Total

pol ychl ori nated bi phenyl (PCB) concentration in one Anerican coot egg sanple
was 0.19 ppm exceeding the PCB alert |evel of 0.1 ppm (International Joint
Comm ssion U.S. and Canada 1988). One nallard had 37 percent inhibition of
AChE activity, indicating the bird had been exposed to an organophosphate or
carbamat e insecti ci de.

Sel eni um concentrations in adult mallard |ivers and ki dneys ranged from 11l to
21 mcrograns/gram (ug/g) dry weight (dw), all other bird livers and ki dneys
ranged from3.83 to 9.17 ug/g dwt. Seleniumin other biotic sanples ranged
from0.66 to 2.76 ug/g dwmt for aquatic invertebrates, 1.17 to 8.31 ug/g dwt in
fish and 1.47 to 1.69 ug/g dwt for bird eggs. One sedi nent sanple from Melton
Pond had 0.31 ug/g dwt sel eni um and one spi ke rush seed sanple from C odfel ter
Ponds had 1.26 ug/g dwt. Based on these results, mallard tissue and sone fish
ti ssue show a degree of sel eniumcontanm nation. Al other sanples (biota and
sedi ment) were wi thin background ranges for sel enium

Mercury concentrations in sone biotic sanples were at |evels that nay be
harnful to fish and wildlife. Mercury in fauna sanples ranged fromO0.02 to
0.16 ug/g dwt for invertebrates, 0.08 to 0.46 ug/g dw in fish, 0.50 to 2.90
ug/g dwt in bird livers and kidneys and 0.03 to 0.34 ug/g dw for bird eggs.
Mercury was bel ow the anal ytical detection |evel of 0.04 ug/g dw for plants
and 0.02 ug/g dwm for sedinent.

Lead | evels ranged from 14.40 to 37.20 ug/g dwt in all sedinment sanples. One
aquatic invertebrate sanple had | ead residue |evels of 13.10 ug/g dwt. Method
detection limts for lead in biota were too high to adequately determ ne risk
of dietary exposure to fauna.

Cl odfelter Pond and Melton Lake consistently had the highest |evels of

i norgani ¢ conmpounds in sedinent, plant and invertebrate sanples foll owed by
the M ddl e Marshes which had el evated nmercury residues in invertebrates and
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bi rds.

\Y;
I nt roducti on

Las Vegas National WIldlife Refuge (Las Vegas NWR) enconpasses a total of
35.12 square kilonmeters and is |located six mles southeast of the Cty of Las
Vegas, New Mexico, just east of Interstate 25 on State H ghway 281 (Figure 1)
The refuge is managed for migratory birds. Canada geese (Branta canadensis)
formthe major wintering concentration of waterfow . Populations of up to

13, 000 geese and 23, 000 ducks can be found on the refuge during the fall and
winter. There are over ten species of raptors on Las Vegas NAR, including up
to 20 wintering bald eagles (Haliaeetus | eucocephalus). O her endangered
speci es that occasionally use the refuge include the whooping crane (G us
aneri cana) and the peregrine fal con (Fal co peregrinus anatun

Las Vegas National WIldlife Refuge lies within the Gallinas River watershed of
the Pecos River Basin between the Sangre de Cristo Muntains and the begi nning
of the G eat Plains and is bordered by the Gallinas River on the west and
Vegosa Creek on the east (Figure 1). These two waterways join at the refuge's
sout hern border. The refuge depends on natural runoff as well as water

rel eases fromStorrie Lake Irrigation District to maintain water levels in the
pl ayas which have been nodified with di kes and canals. From 1984 to 1989 al
refuge | akes, ponds, and marshes have been filled to, or near, capacity.

Ref uge farm ands provi de wheat, barley, peas and corn for winter feed. Sone
areas of the refuge are nanaged as natural grasslands (Feurt 1988).

The soils at Las Vegas NWR were forned fromshale, |inestone and sandstone
parent materials and range in thickness fromvery shallow to deep. These
soils are well-drained to noderately well-drai ned. Wetl and basins are
typically conposed of Vernejo silty clay |loamfrom shale, or of the Karde
series as loam silt loamor clay | oamof a strong cal careous nature. Bedrock
conposition, as well as the conposition of the weathered escarpnent al ong the
two water courses, is sandstone, |linmestone and shale (Hlly et al. 1981).
Approxi mately 600 acres of refuge land are irrigated and farmed (Feurt 1988).
Surface drai nwater produced from Cretaceous shale soils nmay be a source of

el evated selenium | evels at Las Vegas NWR due to | eaching of this elenent via
irrigation (USFWs 1986). Onhlendorf (1989) noted that agricultural |ands
derived frommarine shale soils that require drainage may contribute el evated
concentrations and | oads of trace elenents (e.g. selenium and salts to
aquati c systemns.

A US Fish and Wldlife report concerning contaninants at national wildlife
refuges (USFW5 1986) identified the potential for DDE and sel eni um

contam nation at Las Vegas NWR Al though there is little information
concerning trace el enent concentrations in sedinent and biota for the Gallinas
Ri ver watershed, other aquatic systenms in New Mexi co have been found to
contain elevated levels of nmetals such as selenium (Schnmitt and Brunbaugh
1990). Neither pesticides nor herbicides were used at the refuge for over

four years prior to the 1989 study (Feurt 1988).

This study was conducted to determne if contam nation of sedinent and biota
by i norganic el enents and/or organi c conpounds has occurred at Las Vegas NWR.
Sanpl es of sedinent, and plant, invertebrate, fish, and bird tissue were
collected fromeight sites on the refuge and anal yzed for trace el enents,

http://orion.cr.usgs.gov/dec_reports/12/report.html (5 of 35) [10/17/2000 1:11:36 PM]



Published Reports

or ganochl ori ne and chl orophenoxy aci d herbi ci de conpounds.
See Tabl e/ Fi gure
Fi gure 1. Sanmpl e Collection Sites.
Las Vegas National WIdlife Refuge,
San M guell County, New Mexico, 1989.

(SEE ORI G NAL)
Sanpl i ng Area

Sanpl es were collected at Bentl ey Lake, Coyote Lake, C odfelter Pond A,
Clodfelter Pond B, Melton Lake, the Mddle Marshes, the irrigation ditch in
the Bentley Lake area and the irrigation canal in the Coyote Lake area (Figure
1)

Bent| ey Lake has an average surface area of 19.42 hectares (ha) and an average
depth of 1.4 neters (m, although this fluctuates widely as Bentley Lake is
used primarily for irrigation water storage. Coyote Lake has an average
surface area of 3.76 ha and an average depth of 1.2 m There is very little,

or no vegetation in the littoral zones of either of these two |akes; however,
there is rooted subnerged vegetation near their centers.

The average surface area is 1.2 ha for Clodfelter Pond A, and 2 ha for
Clodfelter Pond B. The average depth of each pond is less than 1 m Both

Ponds A and B have wel |l devel oped shorelines with spi kerush, cattails, and

ot her energent vegetation. Mddle Marshes is a series of four shall ow ponds.
Cattails and ot her energent vegetation grow in the |largest of these ponds, and
grazing is allowed in this marsh area. Both irrigation canals, near Bentley
Lake and near Coyote Lake, have sedges and willows (Salix sp.) growi ng al ong

t he banks.

Tabl e 2. Sanple Locations Wthin Las Vegas
National WIldlife Refuge. Illustrated
in Figure 1.

Site
Nunber Locati on

=

Bent | ey Lake
(Main Drain)
Mel t on Pond
Coyot e Pond (I sl and)
M ddl e Marshes

Cl odfelter Pond A
Cl odfelter Pond B
Irrigation Canals
(Melton Pond area)
Irrigation Ditch
(Coyot e Pond area)

~NO O~ WN

(o]

Pr ocedur es
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Sedi nent, aquatic plant, aquatic invertebrate, fish and bird sanples were

coll ected on the refuge during the nonths of June and July of 1989. Sanpling
sites were chosen throughout the refuge to determne if there were any trends
in the distribution of potential contam nants (Figure 1). Sanple species from
several trophic levels were preselected prior to collection (Table 3).

Sedi nrent was collected fromsites 1 - 6 for inorganic analysis, fromsites 1,
2, 4, 5 and 6 for organochlorine analysis and fromsite 1 for chl orophenoxy
acid herbicide analysis (Table 2, Appendices B and C). Plant tissue sanples
were taken fromsites 1, 2, 4, 5 6 and 7 for inorganic analysis (Table 2,
Appendi x B). Aquatic invertebrate sanples were collected fromsites 2, 4, 5,
6 and 8 for inorganic analysis (Table 2, Appendix B). Fish sanples were
collected fromsites 1, 2 and 5 for inorganic and organochl ori ne anal ysi s
(Table 2, Appendix B and C). Bird tissue sanples were collected from al

sites for inorganic analysis and fromsites 1 - 7 for organochlorine analysis
(Table 2, Appendix B). Individual bird carcasses were anal yzed for

or ganochl ori ne conpounds, and conposite liver and ki dney sanples for inorganic
conmpounds. Avi an eggs, including twenty-four internal eggs, were collected
fromsites 2, 3, 4, 5, 6 and 7 for inorganic analysis, and eggs fromsites 5
and 6 were collected for organochl orine analysis (Table 2, Appendix B and C).
Eight mallard brains were also collected fromsites 1, 2, 3 and 7

chol i nesterase activity analysis- (Table 2, Appendix D). An analysis of
acetyl chol i nesterase (AChE) enzyne activity provides a partial qualitative
determ nation of an animal's exposure to organophosphate or carbamate
pesti ci des.

Sedi ment was col |l ected using a stainless steel WIldco hand corer. Generally,
three sedi nent sanples fromeach site were conposited and wet-sieved through a
stai nl ess steel USA Standard #10 sieve (64 mcron nesh). Invertebrates were
collected with light traps and seines. Plants were collected by hand. Fish
were collected using gill nets and seines, and were conbined i nto whol e body
conposite sanples. Birds were collected using shotguns with steel shot | oads.
Bird eggs were collected by hand fromthe nests. The tissue fractions
collected frombirds were conposite |livers and ki dneys, ova, brains and

car casses.

Al |l sanples submtted for anal ysis were conposites, and when necessary,
because of |ack of specinens or difficulty in collection, sanples from
different sites were conbined into conposites. Al sanples were processed on
site, frozen and then sent to contract |aboratories approved by the U S. Fish
and Wldlife Service's Patuxent Analytical Control Facility in Laurel,
Maryl and (Appendi x A). Sanple collection and preparation protocols were in
accordance with Patuxent Analytical Control Facility Methods (More 1990).

5

Table 3. Sanple Species, Matrices, Collection Locations and Anal yses Performed: Las
Vegas
National WIdlife Refuge Contam nant Investigation - 1989

SAVPLE SAVPLE SAVPLE MATRI X[ sup] 1 COLLECTI ON ANALYSI S
NUMBER MEDI A/ SPECI ES NO. / COVPCSI TE LOCATI ON? PERFORVMED[ sup] 3
LVSMD1 Sedi nment Conposite (3) 2 | norgani cs
LVSMD2 Sedi nent Conposite (6) 1 | nor gani cs
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LVSMD3 Sedi nment Conposite (3) 5/ 6 | nor gani cs
LVSM4 Sedi nment Conposite (3) 3 | nor gani cs
LVSMD5 Sedi nment Conposite (3) 4 | norgani cs
LVSQ06 Sedi nent 1 sanple 2 Organi cs

LVSHO7 Sedi nment 1 sanple 8 Her bi ci des
LVSQ08 Sedi ment Conmposite (2) 5/ 6 Organi cs

LVSQ09 Sedi nent 1 sanple 1 Organi cs

LVSO10 Sedi nment 1 sanple 4 Or gani cs

LVPML1 Spi ke rush Seeds (>100) 7 | nor gani cs
LVPML2 Spi ke rush Seeds (>100) 4 I nor gani cs
LVPML3 Spi ke rush Seeds (>100) 5/ 6 | norgani cs
LVPML4 Pot anbget om Whol e pl ant (>10) 2/ 5/ 6 | nor gani cs
LVPMLS Pot anpbget on Whol e plant (>10) 1 I nor gani cs
LVI ML6 Ag. lnvert Ani mal Tiss. (>100) 4 | nor gani cs
LVI ML7 Ag. Invert Ani mal Tiss. (>100) 2 | nor gani cs
LVI ML8 Ag. Invert Ani mal Tiss. (>100) 6 | norgani cs
LVI ML9 Crayfish Ani mal Tiss. (10) 8 | nor gani cs
LVI M20 Crayfi sh Animal Tiss. (7) 5 | norgani cs
LVFMR21 Bul | heads Whol e Body (>10) 1 | nor gani cs
LVFMR22 Wh. Sucker Wol e Body (>10) 1 | nor gani cs
LVFM23 M nnows Whol e Body (>50) 5 I nor gani cs
LVFM24 Sunfi sh Whol e Body (3) 5 | nor gani cs
LVFM25 M nnows Whol e Body (3) 2 | norgani cs
LVFO26 Wh. Sucker Whol e Body (3) 1 Organi cs

LVFQ27 Sunfish Whol e Body (>10) 5 Or gani cs

LVFC28 M nnows Whol e Body (>10) 2 Organi cs

LVAM2O Ki |l | deer Li ver/ Ki dney (3) 1 | nor gani cs
LVAMBO Ki | 1deer Li ver/ Ki dney (3) 5/ 6 | nor gani cs
LVAG31 Kil |l deer Carcass (3) 1 Organi cs

LVAG32 Ki | | deer Carcass (3) 5/ 6 Organi cs

LVAM33 Coot Li ver/ Ki dney (3) 2 | nor gani cs
LVAM34 Coot Li ver/ Ki dney (3) 4 | norgani cs
LVAMB5S Coot Li ver/ Ki dney (3) 3/5/6 | norgani cs

[sup]1 Liver/Kidney = conposite of |iver and kidney tissue in sanple.
2 Refer to Table 2 for sanpling |ocations.
[sup] 3 Refer to Table 4 for specific inorganic, organic and chl orophenoxy acid
her bi ci de
subst ances anal yzed. See al so appendices B, C and D.
6

Tabl e 3 (continued). Sanple Species, Matrices, Collection Locations and Anal yses
Per f or med:
Las Vegas National WIdlife Refuge Contam nant |nvestigation -

1989

SAMPLE SAMPLE SAMPLE MATRI X[ sup] 1 COLLECTI ON ANALYSYS
NUVBER VEDI A/ SPECI ES NO. / COVPCSI TE LOCATI ON? PERFORVED] sup] 3
LVACB36 Coot Carcass (3) 2/ 5/ 6 Organi cs

LVAOG37 Coot Carcass (5) 3/4 Organi cs

LVAM38 BW Teal Li ver/ Ki dney (3) 2/ 8 | nor gani cs
LVAMBY GW Ci nn Teal Li ver/ Kidney (3) 2/ 8 | nor gani cs
LVAMAO C nn Teal Li ver/ Ki dney (3) 7 | nor gani cs
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LVAO41 C nn Teal Carcass (4) 217 Organi cs
LVAXA2 BW GW Teal Car cass (4) 217 Organi cs
LVAWA3 Mal | ar d Li ver/ Kidney (3) 3/4 | norgani cs
LVAMA4 Mal | ard Li ver/ Ki dney (3) 1.7 | nor gani cs
LVAMA5 Mal | ar d Li ver/ Ki dney (3) 2/ 5/ 6 | nor gani cs
LVAO46 Mal | ard Carcass (3) 3/ 4 Organi cs
LVAXA7 Mal | ard Carcass (3) 17 Organi cs
LVAO4S8 Mal | ard Carcass (3) 2/ 5/ 6 Organi cs
LVAC49 Mal | ar d 1 Brain 7 ChE

LVAC50 Mal | ard 1 Brain 2 ChE

LVAC51 Mal | ard 1 Brain 3 ChE

LVAC52 Mal | ard 1 Brain 1 ChE

LVEME3 BW Ci nn Teal Ova (2 Birds; 4) 7 | norgani cs
LVEMb4 Coot Ova (4 Birds; 20) 2/ 315/ 6 | nor gani cs
LVEMB5 Coot Eggs (6 Nests; 6) 3 | norgani cs
LVEMb6 Coot Eggs (4 Nests; 4) 21 4 | norgani cs
LVEGE7 Coot Eggs (2 Nests; 4) 5/ 6 Organi cs
LVAC64 Mal | ar d 1 Brain 1 ChE

LVAC65 Mal | ar d 1 Brain 2 ChE

LVAC66 Mal | ar d 1 Brain 3 ChE

LVAC67 Mal | ar d 1 Brain 7 ChE

[sup]1 Liver/Kidney = conposite of liver and kidney tissue in sanple.
2 Refer to Table 2 for sanpling |ocations.
[sup] 3 Refer to Table 4 for specific inorganic, organic and chl orophenoxy acid
her bi ci de
subst ances anal yzed. See al so appendices B, C and D.

The presence of organochl orine conpounds in tissue and sedi nent sanpl es was
determ ned with Gas-liquid chromat ography. Gas chronat ography - mass
spectronetry was |ater used to confirmthis analysis in 2 of the 17 sanpl es
whi ch had det ectabl e organochl ori ne resi dues. Al um num cadm um |ead, nickel
and chrom um were analyzed with graphite furnace atom c absorption
spectroscopy. Arsenic, nercury and sel enium anal yses were determ ned with
hydri de generation atom c absorption spectroscopy and all other inorganic

el enents were analyzed with inductively coupled plasma spectroscopy (ICP)

Tabl e 4. Organic, Inorganic and Chl orophenoxy Acid Herbicide Analyses |Included in
t he
Chem cal Analyses for Sanples Collected at Las Vegas National WIldlife

Ref uge,
San M guel County, New Mexico, 1989.
Organi ¢ Conpounds | norgani ¢ El enents Chl orovhenoxy Acid Herbi ci des
HCB: Hexachl or obenzene Silver (AQ) Di canba
a- BHC Al um num ( AL) Di chl or prop
r- BHC Arsenic (As) 2,4-D
b- BHC Boron (B) Si | vex
g- BHC Barium ( Ba) 2,4,5-T
Oxychl or dane Beryllium (Be) 2,4-DB
Hept achl or Epoxi de Cadni i um ( Cd)
r - Chl or dane Cobal t (Co)
t - Nonachl or Chrornium (Cr)
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Toxaphene Copper (Cu)
PCB's (total) iron (Fe)

o, p' - DDE Mer cury (Hg)
a- Chl or dane Magnesi um ( My)
p, p' - DDE Manganese (M)
Dieldrin Mol ybdenum ( Mb)
o, p' - DDD Ni ckel (Ni)
Endrin Lead (Pb)

ci s- Nonachl or Ant i nrony ( Sb)
o, p' - DDT Sel eni um ( Se)
p, p' - DDD Tin (Sn)

p,p'’ -DDT Strontium (Sr)
M rex Vanadi um (V)

Zinc (Zn)

Whol e brains frommallards were collected, to be used for acetyl cholinesterase
enzynme (AChE) activity analysis. Brain AChE activity was anal yzed in
accordance with procedures established by Ellman et al. (1961). Percent

i nhibition of AChE activity was cal cul ated by conparing AChE activity of Las
Vegas NWR sanples to previously determ ned nornmal AChE activity for a control
group of the sanme species (Hill 1988). Any AChE activity that is depressed to
a level greater than 20 percent below that of controls inplies that the ani nal
had been exposed to an AChE inhibitor, either a carbamte or organophosphate

i nsecti ci de.

Resul ts and Di scussi on
Or ganochl ori ne Conpounds and Chl or ophenoxy Aci d Herbi ci des

Resi dues of organochl orine pesticides were not detected in any of the sedi nent
sanpl es col |l ected. However, trans-nonachlor, total PCB's, P,P -DDE (DDE) and
dieldrin were above detectable levels in fish and bird tissue sanples (Table
5). O these conpounds, detection of DDE occurred nost frequently. Four of

the 5 fish sanpl es anal yzed had concentrations of DDE ranging fromO0.01 to
0.03 ppm (ug/g) wet weight (w). Concentrations in 10 bird carcasses ranged
from0.01 to 3.7 ppmwm . The hi ghest concentration was found in a killdeer
sanple collected fromBentley Lake. This bird also contained detectable
concentrations of trans-nonachlor and dieldrin. One coot egg fromthe

Cl odfel ter Ponds al so had detectable concentrations of DDE (0.75 ppm wat), as
wel |l as detectable |evels of total PCB' s (0.18 ppm wwm). DDE concentrations
in both the killdeer and egg sanples were confirmed with gas

chr omat ogr aphy/ mass spectronetry. Chl orophenoxy acid herbicides were not
detected in any of the sanples submtted.

Tabl e 5. Organochl orine Analysis Results for Plant and Ani mal Sanpl es
Col | ect ed
at Las Vegas National WIldlife Refuge, San M guel County, New
Mexi co,
1989. Results are reported in ug/g (ppm, wet weight.
Sanpl e Site Sanpl e Sanpl e Trans- Tot al
Nunber Nunber Speci es* Matri x  Nonachl or PCB's p,p' -DDE Dieldrin
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LVFO26 1 Wh. Sucker W B. ND ND 0.01 ND
LVFQO27 5 Sunfi sh W B. ND ND ND ND
LVFO28 2 M nnows W B. ND ND 0.01 ND
LVFO62 1 Bl uegi | | W B. ND ND 0.02 ND
LVFO63 1 Carp W B. ND ND 0. 03 ND
LVAG31 1 Ki |l | deer Car cass 0.03 ND 3.70[ sup] 1 0.
LVAC32 5/ 6 Killdeer Car cass ND ND 0. 58 ND
LVAC36 2/ 5/ 6 A. Coot Car cass ND ND 0. 05 ND
LVAC36 2/ 5/ 6 A. Coot Car cass ND ND 0. 04 ND
Dupl .

LVACB7 3/4 A. Coot Car cass ND ND 0.01 ND
LVAA1 217 Cn. Teal Car cass ND ND 0. 05 ND
LVAO42 217 BW GW Teal Carcass ND ND 0.07 ND
LVAO46 3/4 Mal | ard Car cass ND ND 0.02 ND
LVAA7 1/7 Mal | ard Car cass ND ND 0.01 ND
LVAM4S 2/ 5/ 6 Mal | ard Car cass ND ND 0.01 ND
LVEGG7 5/ 6 A. Coot Eggs ND ND 0. 75[ sup] 1

[sup]1 Confirmed by Gas Chromat ography/ Mass Spectronetry.
ND = < detection limt (e.g. <0.01).

Ani mal s higher in the food chain obtain nost of their pesticide |oad through
i ngestion of contam nated foods. If the food itemis an organi smthat has
increased ability to store pesticides, either unchanged or as toxic

net abolites, the hazard to its predators is increased. Both the killdeer the
coot egg represent organi sns found higher on the food chain than the other
organi snms col l ected for this study.

Top predators whose diets include birds and fishes are nost likely to be
affected by low | evel contamnation in the environment. The predator
protection guidelines, developed by the National Acadeny of Sciences has
reconmended total residues of chenicals not to be exceeded in food organi sns
(National Acadeny of Sciences 1973). The predator alert level is 1.0 ug/g
wu for DDE, and 0.1 ug/g wt for PCB' s. The DDE residue in the killdeer
carcass (LVAG31l; see page C-2) was nore than three tinmes higher than the NAS
gui deline. PCB residue in the coot eggs, was alnpost two tinmes that limt,

i mplying sone risk to egg-eating predators (International Joint Conm ssion
U.S. and Canada, 1988; National Acadeny of Sciences, 1973).

Chol i nesterase Activity and Brain Inhibition

O the eight mallard brains collected for AChE enzyne activity, all but one
were within a normal range (Table 6). The AChE activity was depressed by

37 percent in the mallard brain collected from Coyote Pond. Hi storical
records show that insecticides, particularly carbamates and organophosphat es,
had not been used on the refuge for four years prior to this study (Feurt
1988). If the AChE inhibition in the one nallard brain was caused by either
of these conpounds, exposure nost |ikely occurred off the refuge.

Tabl e 6. Chol i nesterase (AChE) Assay Results of Brain Tissue

from Ml lard Ducks Collected at Las Vegas Nati onal
Wldlife Refuge, San M guel County, New Mexico, 1989.
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SAMPLE SITE AChE ACTIVITY PERCENT AChE
NUMBER NUMBER (unol es/ m n/g)[sup]l | NHI Bl TI ON?
LVAC49 7 10. 4 0

LVAC50 2 10.9 0

LVAC51 3 7.6 37

LVACS2 1 10. 3 0

LVAC64 1 11.6 0

LVAC65 2 12.6 0

LVAC66 3 12. 6 0

LVAC67 73 12. 1 0

[sup]1l Mcronoles of acetylthiocholine iodine hydrolyzed per m nute per gram of
tissue.

Val ues are given as wet weight. Variability of assay anong duplicates: nean =
5. 9%

medi an = 4.5% extrene range = 0.5 and 13.5%
2 The percent of cholinesterase inhibition is cal culated by conparing published
val ues for

apparentiy normal, free-living adult mallards where n = 11, mean cholinesterase
activity =

10

I NORGANI C ELEMENTS

Mercury and seleniumlevels in sone sanples are high enough to warrant further
i nvestigation. The nmercury level in sonme bird |iver/kidney conposite sanples
was above the recommended protection |level for prey itens of 0.1 ug/g ww
(Eisler 1987), and seleniumin sone bird sanpl es was above the | evel which

i ndi cat es possi bl e reproductive inpairment of 25 ppmww (Eisler 1985a). Zinc
was found to be slightly elevated in all sanpling groups, and | ead and cadm um
were el evated enough in sedinent and avian |iver, kidney conposite sanples
respectively to warrant discussion. Tables 7, 8 and 9 |ist and conpare nean

val ues for the above nentioned el enments as well as geochem cal baseline and
Nat i onal Contam nants Biononitoring Program (NCBP) information to facilitate

di scussion. Results for all inorganic elenents are reported in appendi x B.
Tabl e 7. Sel enium Mercury, Lead, Zinc and Cadm um Analysis Results for all Sanple
Matri ces

Col l ected at Las Vegas National WIldlife Refuge, New Mexico, 1989.
Reported in ppm

(ug/g) dry weight and wet weight, as nmean values[sup]l wth standard
devi ati ons.

Pl ant s/ I nverte- Fi sh Avi an Eggs/
Sedi ment Seeds br at es Ti ssue Ti ssue Qua
(N=5) (N=5) (N=5) (N=5) (N=11) (N=4)
Se(dwt) N. A N. A 1:56 4. 03 9.38 1.64
(0. 76) (£2.76) (4. 42) (0. 11)
Se(wwt ) N. A N. A 0.25 0.94 2.77 0. 56
(x0.1) (0. 63) (£1.28) (0. 14)
Hog( dwt) N. A N. A 0.08 0.24 1.35 0. 18
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(£0. 05) (£0. 15) (£0. 66) (£0.12)
Hg (vt ) N. A N. A 0. 0113 0. 0569 0. 3988 0. 0505
(£0. 004) (0. 034) (£0.192) (£0. 024)
Pb( dwt ) 22.6 N. A N. A N. A N. A N. A
(£7.79)
Pb( wat ) 14.51 N. A. N. A N. A N. A N. A
(£5. 003)
zn(dw ) 50. 68 36. 24 86. 62 136.4 114. 17 63. 02
(£6. 68) (£13. 58) (£30. 28) (£52. 43) (£22. 46) (£10. 81)
Zn(wwt ) 32.54 6. 298 13. 99 31.:52 33.76 22.59
(£4. 29) (£2. 14) (£3. 444) (£9.104) (£5. 86) (£9. 239)
Cd(dw ) N. A N. A. N. A N. A 2.02 N. A
(£1. 15)
Cd( wwt ) N. A N. A N. A N. A 0. 56 N. A
(£0. 33)
[sup]1 Mean val ues were not cal cul ated when greater than 50% of the sanple results
wer e
| ess than the detection limt.
11
Table 8. Conpari som of Geonetric Mean Concentrations
(ug/g dwt) of Inorganic El enents Between
Sedi nent Col | ected at Las Vegas Nationa
Wldlife Refuge and the U S. Ceol ogical Survey
Geocheni cal Baseline, Western Soils.[sup]l
Las Vegas Nati onal
U S. GCeol ogical Survey Wil dlife Refuge
Geo. Mean 95th % Geo. Mean
As 5. 500 22.00 3.34
Hg 0. 046 0. 25 ND
Pb 17. 000 55. 00 21. 45
Se 0. 230 1.40 0.17
Zn 55. 000 180. 00 50. 20
[sup]1 Shacklette and Boerngen 1984.
Table 9. National Contani nant Bi ononitoring Program
(NCBP): Concentrations (ug/g w) of Arsenic,

Cadt ni um Copper, Lead, Mercury, Selenium

and Zinc in U S. Freshwater Fish, 1984[sup]l and
Las Vegas NWR Ceonetric Mean

Concentrations (ug/g wat).

NCBP Las Vegas NWR

85t h

Geo. Mean Maxi nmum Percentil e Geo. Mean
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As 0. 14 1.50 0::27 0. 04
Cd 0. 03 0.22 0. 05 0. 09
Cu 0. 65 23.10 1.00 0. 50
Hg 0.10 0. 37 0.17 0.05
Pb 011 4.88 0. 22 0.94
Se 0.42 2.30 0.73 0.75
Zn 21.70 118. 40 34. 20 30. 81

[sup]1 Schmit and Brunbaugh, 1990.
12
Sel eni um

Seleniumis an elenent that, though an essential nutrient, can becone toxic at
relatively lowlevels. Seleniumw Il accunul ate and beconme magni fied through
the food chain even at | ow anbient concentrations, and significantly el evated
ti ssue | evel s have been seen in fish chronically exposed to | evels as | ow as
0.01 ppm (Lemy 1982). Effects of elevated seleniumin birds and fish include
birth defects, sterility, and death (Lemy and Smth 1987). Sel enium acts
particularly on the ovaries but also affects tissues associated with
detoxification, liver, and elimnation, kidney (Finley 1985, G llespie et al
1988, Baumann and G |l espie 1986). Seleniumis categorized by the EPA as a
priority pollutant (Keith and Telliard 1979).

Sel eniumis usually abundant in the shale soils of the Sout hwest and

Shackl ette and Boerngen (1984) reported that the geonetric nean val ue for
seleniumin soils of the western United States was 0.23 ug/g dwt with a
basel i ne range of 0.039-1.4 ug/g dwt. Sel enium was detected in only one
sedi nent sanple collected at Las Vegas NAR, the concentration was 0.31 ug/g
dwt (Table 6).

Seleniumlevels in invertebrate sanples averaged 1.56 (+0.76) ug/g dwt (Table
7), and ranged fromO0.66 to 2.76 ug/g dwt (Appendi x B). The hi ghest
concentration (2.76 ug/g dwt) was found in the sanple collected from
Clodfelter Pond A 1In plants, seleniumwas detected in only one sanple from
Clodfelter Pond A (Appendix B). Al aquatic invertebrate and plant sanpl es
collected at Las Vegas NAR were below the 8.9 ug/g dwm (Lemy and Smth, 1987)
| evel of concern for sel eni um whol e body concentrations and do not seemto
pose a risk of toxicosis to either carnivorous or herbivorous aninmals at

hi gher trophic levels within the-food chain.

The average concentration of seleniumin whole body fish sanples collected at
Las Vegas NVR was 4.03 (£2.76) ug/g dwm (Table 7), and ranged from1.17 ug/g
dwt in white suckers fromthe Coyote Ponds to 8.31 ug/g dwt in mnnows from
Cl odfelter Pond A (Appendix B). The geonetric mean of sel enium concentrations
was cal cul ated as 0.73 ug/g wwt which exceeds the NCBP geonetric nmean but is
the sane as the NCBP 85th percentile for seleniumin fish (Schmtt and

Br unbaugh 1990). Three conposite sanples, one fromBentley Lake and two from
Clodfelter Pond A exceeded the 3 to 8 ng/kg (ppm) dw |evel which, in food
itenms that could cause adverse effects to fish and wildlife (Lemy and Smth,
1987). Selenium concentrations in all fish sanples coll ected were bel ow the
2-3 ug/g wt |evel which Baunmann and May (1984) indicated as capabl e of
causi ng adverse reproductive and |l ethal effects in fish.

Skorupa et al. (1989) reported that water bird popul ations with nean |iver
sel eni um concentrati ons between 10 and 30 ug/g dwt had el evated incidence of
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adverse biol ogical effects and should be studied for reproductive performance.
The concentration of seleniumin bird |iver/kidney sanples collected from Las
Vegas NWR averaged 9.38 (+4.42) ug/g dw (Table 7), and ranged from3.83 to
21.00 ug/g dwt (Appendix B). The species specific concentrations (ug/g dw)
were 8.72 (0.636) for killdeer, 5.277 (£1.514) for coots, 8.223 (+0.802) for
teal spp. and 15.1 (£5.24) for mallards. The seleniumlevel in all the
mal lard sanples lies within the 10 to 30 ug/g |l evel of concern for inpaired
reproduction. The small sanple size, n=3 for all except killdeer (n=2),
limted our ability to determ ne precise statistical significance. However, a
Kruskal -Wal lis test of variance on this small data set suggested that sel enium
concentrations may be significantly higher in mallards than in the other
speci es. Although the test was significant at the p=0.03 level, it can only
suggest that further study in this direction is warranted. There is no
evi dence, either statistical or intuitive, that seleniumconcentration in bird
tissue is different relative to the collection sites (Appendi x B).

13
Sel enium | evel s between 3 and 20 ug/g dwt in eggs have been suggested as an
interpretive guideline to warrant investigation to determne if there are
risks to water bird reproductive capacity (Skorupa et al. 1989). Sel enium
concentrations in tw coot egg sanples taken fromthe nest were 1.69 and 1.78
ug/g dwt, and concentrations in ova sanples were 1.47 ug/g dwt for teal and
1.62 ug/g dwt for coots (Appendix B). Mllard eggs were not collected for
this study.

The seleniumresults of this study do not enable us to nake definitive
statenents regarding biological risk to fish and wildlife at Las Vegas NVWR
The levels in sedinment are within the geochem cal baseline for the west, and
| evels in plants and invertebrates are bel ow published | evel s of concern.
There is evidence, however, that seleniumconcentrations in mallard livers
have accunul ated to levels that justify study on reproductive perfornance.
There is al so adequate evidence to support a simlar study on the reproductive
performance of fish species at Las Vegas NVWR. Factors such as tenperature,

di sease and ot her environnental stresses need to be taken into account in
setting and interpreting guidelines for assessing potential seleniumtoxicity
(Lemy and Smth, 1987).

Mer cury

Mercury is a highly toxic heavy netal with no known biol ogical or nutritional
value. It is easily transformed fromthe less toxic elenental formto the
nore toxic, biologically available, nmethylated form Methyl nercury causes
damage to the central nervous systemas well as being carcinogenic, nutagenic,
and teratogenic to all aninmal species (Eisler 1987). Mercury bioaccumul at es
in organisns and can result in toxic levels in tissue even if anbient |evels
are very | ow.

Mercury was not detected in sedinment or plant sanples at Las Vegas NWR but was
detected in all other biological sanples. Mercury levels in bird tissue
sanpl es and three of the fish sanples collected for this study were above
Eisler's (1987) recommended protection level of 0.1 ug/g wt in food itens to
be consuned by predators.

Mercury concentrations in aquatic invertebrate sanples fromLas Vegas NVR

averaged 0.0113 (x0.004) ug/g wt, and ranged from0.01 to 0.02 ug/g wwt
(Table 6), which is well below the 0.05-0.21 ug/g wt |evel reported in

http://orion.cr.usgs.gov/dec_reports/12/report.html (15 of 35) [10/17/2000 1:11:36 PM]



Published Reports

insects fromuncontam nated sites (Eisler 1987). Mercury levels in
invertebrate prey itens appear to pose a lowrisk to water birds at Las Vegas
NVWR

Mercury concentrations in fish tissue sanples collected at Las Vegas NVR
averaged 0.24 (%0.15) ug/g dwt (Table 7), and ranged from0.08 to 0.46 ug/g
dwt (Appendix B) or 0.03 to 0.11 ug/g wt. The geonetric nean concentration
was cal cul ated as 0.047 ug/g wt, which is well below the national geonetric
nmean of 0.11 ug/g wt reported in the NCBP (Schmtt and Brumbaugh 1990). All
fish collected fromthe refuge were bel ow the NCBP 85th percentile. Mercury
levels in fish do not seemto pose a risk to piscivorous animals at Las Vegas
NVR.

The average nmercury concentration in bird |iver/kidney sanples collected from
Las Vegas NVR was 0.40 (£0.19) ug/g w (Table 7), and range fromO0.15 to 0.87
ug/g wt. Mercury in mallard, teal, coot and killdeer |iver/kidney sanples
fromLas Vegas NWR ranged from0.475 to 0.870 ug/g wt, which exceeds the 0. 1-
0.3 ug/g wt concentrations in woodduck |ivers taken from an area consi dered
uncont am nated (Heinz 1980). Although nmercury toxicity |evels vary anpng
species as well as the size of organisns, the range of analysis results (0.147
to 0.87 ug/g w) in these four species is high enough to be notable. These
bird sanples al so exceeded the 0.1 ug/g wt predator protection limt

14
(Appendi x B). Raptors at Las Vegas NWR whose diets include birds may be at
sone risk of consum ng enough nercury to potentially cause adverse effects.
The data al so suggest sone potential of nercury contanination causing adverse
effects in the prey itens.

Lead

Lead is one of the nost ubiquitous toxic netals, and is detectable in nearly
al |l phases of the inert environnent. Lead is toxic to nost |iving things,
i ncluding all phyla of aquatic biota (Eisler 1988), and has no known bi ol ogi c
use. The major risk fromlead exposure is toxicity to the nervous system

Envi ronmental |ead pollution cones froma nunber of industrial sources,

i ncluding storage battery manufacture, old mne tailings, pignents and

ceram cs, |ead-containing alloys, paint, solder and anmunition. The mgj or
danger to fish and wildlife fromlead pollution, continues to be through

snel ter and vehicl e emm ssions. These em ssions are in the formof various

| ead sul fates, halides, oxides and phosphates which enter aquatic systenms with
runoff or as fallout. Lead is also found in sedinents, particularly near

areas of past lead mning. Areas with high traffic content, 15,000 vehicles
per day, have about 90% hi gher |ead content than areas where traffic is |less
than 50 vehicles per day (Sorensen 1991; Eisler 1988).

At Las Vegas NWR t he highest concentration of |lead in sedinents was found in
conposite sanples collected at both Bentley Lake and M ddl e Marshes. Both
areas are slightly less than 1/4 mle fromthe refuge's auto tour route. The

| onest | ead concentration was found in a sanple collected from Coyote Pond,
which is slightly nore than one mle fromthe same tour route. The sanple

size (n =5) was not |arge enough to determne if there mght be a significant
difference in lead levels relative to the proximty of the road. A kruskal -

Wal lis test of variance on this snall data set was significant at the p = 0.16
| evel , which does not inply inportance but does suggest that further
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i nvestigation mght be in order.

Lead residues in sedinent sanples collected fromthe Las Vegas NWR aver aged
22.6 (£7.79) ug/g dwmt and ranged from14.4 to 37.2 ug/g dw (Table 6). The
geonetric nmean was cal culated as 21.45 ug/g dwt which is well within the 5.2 -
55 ug/ g dwt geochem cal baseline for lead in soils of the western United
States (Shackl ette and Boerngen 1984), (Table 8). One aquatic invertebrate
sanple, collected at Clodfelter Pond B, had a | ead concentration of 13.1 ug/g
dwt (1.585 ug/g ww). Lead residues were not detected in any of the other

ti ssue sanples collected at Las Vegas NVWR (Table 7 and Appendi x B). The | ow
incidence of |ead detection in tissue sanples could be a result of the high
detection limts of 9 ug/g dwt for plants and 7.5 ug/g dwt for animals. These
detection limts exceed the 2 ug/g, fresh weight, criterion for elevated | ead
in liver proposed by Friend (1985).

Zi nc

Zinc is ubiquitous in the environment and is found in nost foods, water, soi
and air. Like many netals, zinc is a nutritionally essential elenent and acts
as a cofactor, a substance which activates many enzynes. Zinc al so induces
net al | ot hi onein, a nmetal binding protein which forns conpl exes with cadm um
and other netals. It is through this nmechanismthat zinc is thought to aid in
decreasing the toxicity of cadmum (Kl assen et al. 1986). Even though zinc is
an essential nutrient, prolonged exposure to excessively high | evels can
result in toxicity. The Environnental Protection Agency categorizes zinc as a
priority pollutant (Keith and Telliard 1979).

Zinc can have a direct toxicity to aquatic life with a |lethal threshold

concentration in water being reported as 570 ppb (0.57 ppn). Fish that were
15

exposed to chronically toxic |levels of zinc showed poorly devel oped |iver

bl ood vessel s, distended ki dney tubul es and gl oneruli, nesenteries devoid of

fat and underdevel oped gonads (Al abaster and Ll oyd 1982).

Zinc concentrations in sedinent sanples collected fromLas Vegas NWR aver aged
50.68 (%6.68) ug/g dwt, and ranged from 38.00 to 54.80 ug/g dwt (Table 7).
The geonetric nean was cal culated as 50.2 ug/g dwt which is within the 17-180
ug/ g dwt geochemi cal baseline and bel ow the geonetric nean of 55 ug/g dw for
zinc in soils of the western United States (Shacklette and Boerngen 1984),
(Table 8).

Zinc concentrations in plant sanples fromLas Vegas NAR ranged from 20.1 to 55
ug/g dwt. These val ues conpare well with plant material sanples taken from
Maxwel I NWR, about 80 mles north of Las Vegas NWR, which were found to have
simlar zinc levels (Lusk et al. 1991). Zinc concentrations in plant tissue
collected from Las Vegas NWR appear to be within background | evels (Table 6).

Zinc concentrations in bird liver/kidney sanples collected fromLas Vegas NAR
averaged 33.76 (+5.86) ug/g wt and ranged from 26.93 to 49.68 ug/g w (Table
7). The geonetric mean for dry wei ght concentrations were calculated to
facilitate conparison with bird liver/kidney tissues and eggs coll ected at
Maxwel | NWR.  The dry wei ght values for liver/kidney sanples are 106.91 ug/g
for Las Vegas NWR (Table 6) and 101 ug/g for those from Maxwell NWR (Lusk et
al . 1991). The dry weight values for egg sanples are 62.12 ug/g for Las Vegas
NWR and 55.4 ug/g for those from Maxwell NAR (Lusk et al. 1991). Although,
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zinc levels in bird eggs fromLas Vegas NAR are slightly higher than simlar
| evel s observed at Maxwell NWR, overall zinc |levels do not appear to be
el evat ed.

Zinc concentrations in fish sanples collected fromLas Vegas NWR aver aged
31.52 (%9.10) ug/g wt, and ranged from 16.1 to 42.02 ug/g w (Table 6). The
geonetric nean was cal cul ated at 29.9 ug/g w, which is well above the
Nat i onal Contam nant Bi ononitoring Programis (NCBP) 21.7 ug/g www geonetric
mean for zinc in fish (Table 9). Three of the five fish sanples al so exceeded
the NCBP 85th percentile of 34.2 ug/g w (Schmtt and Brunbaugh 1990). Based
upon these conparisons with NCBP, fish collected at Las Vegas NWR i ndicate a
noder at e degree of zinc exposure.

Cadmi um

Cadmium (Cd) is one of the rarest heavy netals in the environnent. It has

been found to be toxic to all forns of life, with no evidence that it is in
any way essential or beneficial to life. In natural freshwater streans and
ponds, Cd is found in relatively small quantities, less than 1.0 ug/g ww, but
in environnents inpacted by man, it is found in much greater anounts (Sorensen
1991). For instance, areas where snelter production is predoni nant and

i ndustrial fertilizers containing Cd-bearing soil stabilizers are used wll
normal | y exhi bit waterborne cadm um contam nation (Eisler 1985b).

Cadmumis obtained as a by-product of zinc, copper and lead snelting and is
found in a variety of industrial productions, including electroplating,
pignments, plastic stabilizers, Ni-Cad batteries and alloys. In its el enental
form Cd is insoluble in water, but chloride and sul phate salt conpounds are
easily soluble. Cadm umhas a very conplex nature in freshwater systens;
dependi ng on many factors including absorption and desorption rates, Ph,

chem cal speciation, tenperature, parasitismand water hardness (Eisler 1985b;
Sorensen 1991).

Cadm um was only detected in bird liver/kidney sanples from Las Vegas NWR
Cadm um concentrations in these sanples averaged 2.02 (%1.15) ug/g dwt (Table
7) and ranged fromO0.79 to 4.00 ug/g dwt (Appendix B). Eisler (1985b)

16

reported the anbient water quality criteria for the protection of aquatic life
which states that total recoverabl e cadm um shoul d never exceed the val ues
given by the follow ng fornula:

[suble[1.()5 (In (water hardness)) - 3.73][sub].

Aquatic life protection levels will vary with water hardness. Eisler also
noted that birds are relatively resistant to the adverse properties of
cadm um Cadm um concentrations in the bird sanples collected fromLas Vegas
NVWR do not appear to be above any |evels of concern. However, 80% of the bird
liver sanples did exhibit noderate cadm um accunul ati on and may war rant
further investigation which incorporates water hardness data.

17

Recommendat i ons
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Data fromthis reconnai ssance investigation indicate that further study is
warranted to determne if there are undue health risks to migratory birds or
other sensitive fish and wildlife species. W suggest that this study be used
as a starting point fromwhich future researchers can narrow their search and,
per haps, maxim ze their effectiveness. Although, sonme of the highest
concentrations of seleniumin tissue were found in sanples collected fromthe
Cl odfelter Ponds, sanple sizes for any one matrix were not |arge enough to
determne if a particular area of Las Vegas NVWR was acting as a sink for
organi ¢ or inorganic constituents.

The concentrations of nercury and sel eniumwere both el evated in sonme sanpl es,
causi ng us to be concerned about possible reproductive inmpairnent in mgratory
waterfow and resident fish. Qur study results suggest that an investigation
shoul d be conducted using resident mallards at Melton Pond, C odfelter Ponds,
and M ddl e Marshes. Analysis of tissue sanples fromjuvenile mallards would
give nore insight into the possibility of |ocalized contam nation. Mllard
nest surveys, to determ ne hatching and fl edgling success, as well as gross
exam nations of enbryos, to determ ne the incidence of deformties, could
provi de adequate information to assess reproductive performance.

To augment further studies at Las Vegas National WIdlife Refuge, water
qual ity anal yses on incom ng water from Storrie Lake Irrigation District, the
wat er source for Mddle Marshes, Melton Pond, and C odfelter Ponds, should be
conducted twice yearly at the beginning and end of the wet season (i.e. Apri
and Sept enber) .

18
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Metal or Metalloid El enents

Acet yl chol i nest erase Enzyne

Activity

Appendi x B (page 1 of 6).

Sanpl es
Col | ect ed
New

Sanp. #
LVPML1

Matri x
Ti ssue

Speci es
Spi ke rush

No/ Conp? 3

Locati on[ sup] 3
7

% Moi sture 35.

68. 70

Al 12100.
40. 10

Sb <60.
<40. 00

Ba 308.
17. 40

Be 1.
<0. 25

B 56.
68. 20

cd <1.
<1.00

Co 10.
<5.00

Cr 47.
<4.50

Cu <4,
7. 80
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LVSM)1

Sedi nent

60

00

00

00

26

40

20

40

80

00

at

Mexi co,

Las Vegas Nati onal

LVSMD2

Sedi nent

35.

18900.

<60.

276.

51.

<1.

10.

35.

<4.

80

00

00

00

.09

00

20

00

60

00

Laurel ,

A1

1989.

M ssi ssi ppi

I nor gani ¢ Anal yti cal

LVSMD3

Sedi nment

36.

26400.

<60.

278.

48.

<1.

10.

35.

<4.

5/ 6

00

00

00

00

. 06

00

20

60

00

00

St at e,

M5 39762

Research Triangle Institute

3040 Cornwal lis Road, P.O. Box 12194
Research Triangl e Park,
North Carolina 27709

Wl dlife Refuge,

LVSM4

Sedi nent

35.

8240.

<60.

256.

32.

<1.

<8.

31.

80

00

00

00

.94

60

20

00

80

.40

Pat uxent WIldlife Research Center
U S. Fish and WIdlife Service
Maryl and

San M guel

LVSMO5

Sedi ment

35.

16600.

<60.

305.

43.

<1.

12.

40.

80

00

00

00

.13

10

20

30

00

. 50

Results (ug/g dry weight)[sup]l for

County,

Pl ant

>100



Published Reports

Fe 24600. 00 22400. 00 19600. 00 14400. 00 21600. 00
86. 90

Pb 19. 20 37.20 19. 20 14. 40 23.00
<9. 00

My 1820. 00 1880. 00 3640. 00 1200. 00 1450. 00
1260. 00

Mh 278. 00 220. 00 200. 00 154. 00 383. 00
253. 00

Mo 6. 86 <6. 00 <6. 00 17. 00 21.10
<5.00

Ni 27.00 12. 10 19. 60 32.60 39.90
<5. 00

Ag <15. 00 <15. 00 <15. 00 <15. 00 <15. 00
<9. 00

Sr 66. 80 70. 80 114. 00 44. 40 71.20
12. 30

Sn <60. 00 <60. 00 <60. 00 <60. 00 <60. 00
<40. 00

V 66. 00 58. 40 47. 20 41. 40 57. 20
<1.50

Zn 54. 80 55. 40 55. 40 38. 00 49, 80
31. 30

As 5.90 4. 33 2.52 1.88 3. 46
<0.70

Hg <0. 02 <0. 02 <0. 02 <0. 02 <0. 02
<0. 04

Se 0. 31 <0. 30 <0. 30 <0. 30 <0. 30
<0.70

[sup] 1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight)(1 -
(percent

noi st ur e/ 100))
2 No/ Conp = Nunber of sanples in conposite. [>} = "greater than"

[sup] 3 Location nunber refers to Table 1 found on page 4 of this report.

B-2

Appendi x B (page 2 of 6). Inorganic Analysis Results (ug/g dry weight)[sup]l for
Sanpl es
Col | ect ed at Las Vegas National WIldlife Refuge, San M guel County,
New

Mexi co, 1989.
Sanp. # LVPML2 LVPML3 LVPML4 LVPML5 LVI ML6
LVIML7
Mat ri x Plant tissue Plant tissue Plant Tissue Plant Tissue Aninal Tissue

Ani mal Ti ssue

Speci es Spi ke rush Spi ke rush Pot anpget on Pot anpget on Agatic Invert
Agatic invert

No/ Conp? >100 >100 >10 >10 >100 >100

http://orion.cr.usgs.gov/dec_reports/12/report.html (23 of 35) [10/17/2000 1:11:37 PM]



Published Reports

Locati on[ sup] 3 4 5/ 6 2/ 5/ 6 1 4
2

% Mbi sture 68. 20 72.70 93. 80 90. 00 90. 60
82. 00

Al <30. 00 <30. 00 2170. 00 1120. 00 421. 00
2400. 00

Sb <40. 00 <40. 00 <40. 00 <40. 00 <40. 00
<40. 00

Ba 96. 80 18. 80 276. 00 114. 00 23.40
40. 00

Be <0. 25 1.81 0.84 <0. 25 0. 26
<0. 25

B 46. 10 61. 40 20. 90 16. 00 2.57
4,88

Cd <1.00 2.84 <1.00 <1.00 <0.70
<0.70

Co <5.00 <5. 00 5.62 <5. 00 <3. 00
<3.00

Cr <4.50 <4.50 <4.50 <4.50 <4. 00
<4.00

Cu 7.15 8.85 4. 25 4,18 27.30
24. 20

Fe 51.70 69. 80 2240. 00 1390. 00 609. 00
2310. 00

Pb <9. 00 <9. 00 <9. 00 <9. 00 <7.5
<7.50

My 1090. 00 1070. 00 5460. 00 2990. 00 1360. 00
1610. 00

vh 129. 00 237. 00 1490. 00 64. 80 55. 60
70. 80

Mo <5. 00 <5. 00 <5. 00 <5. 00 <5. 00
<5. 00

Ni <5. 00 21.10 <5. 00 <5. 00 <4. 00
<4.50

Ag <9. 00 <9. 00 <9. 00 <9. 00 <7.50
<7.50

Sr 7.65 16. 10 308. 00 183. 00 50. 90
23.50

Sn <40. 00 <40. 00 <40. 00 <40. 00 <30. 00
<30. 00

Vv <1.50 <40. 00 5.24 2.22 <1.50
4.59

Zn 20. 10 25.50 55.00 49. 30 110. 00
92. 30

As <0. 70 4.59 <0. 70 <0. 70 2.28
3.80

Hg <0. 04 <0. 04 <0. 04 <0. 04 0.16
0.10

Se <0.70 1.26 <0.70 <0.70 2.01
0. 66

[sup]1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight)(1 -
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(per cent
noi st ur e/ 100))
2 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"

[sup] 3 Location nunber refers to Table 1 found on page 4 of this report.

B-3
Appendi x B (page 3 of 6). Inorganic Analysis Results (ug/g dry weight)[sup]l for
Sanpl es
Col | ect ed at Las Vegas National WIldlife Refuge, San M guel County,
New
Mexi co, 1989.
Sanp. # LVI ML8 LVI ML9 LVI M20 LVFM21 LVFMR2
LVFM23
Mat ri x Animal tissue Animal tissue Aninal tissue Wole body Whol e body
Whol e body
Speci es Aquati c Crayfish Crayfi sh Bul | heads Wh. Sucker
M nnows
I nvertebrate
No/ Conp? >100 10 7 >10 3
>10
Locati on[ sup] 3 6 8 5 1 1
5
% Moi sture 73.00 79. 80 67. 80 76. 60 67. 80
76. 60
Al 3050. 00 1190. 00 190. 00 261. 00 115. 00
412. 00
Sh <40. 00 <40. 00 <40. 00 <40. 00 <40. 00
<40. 00
Ba 43. 10 90. 10 35. 00 24. 00 14. 50
20. 60
Be <0. 25 <0. 25 <0. 25 <0. 25 <0. 25
<0. 25
B 3:.70 <2.00 3.42 <2.00 <2.00
<2.00
d <0.70 <0.70 <0. 70 <0.70 <0.70
<0.70
Co <3.00 <3. 00 <3. 00 <3. 00 <3.00
<3. 00
Cr <4.00 <4.00 <4. 00 <4.00 <4.00
<4. 00
Cu 16. 10 106. 00 20. 00 <4.00 <4. 00
<4.00
Fe 2970. 00 742. 00 150. 00 306. 00 185. 00
358. 00
Pb 13. 10 <7.50 <7.50 <7.50 <7.50
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<7.50

My 1780. 00
1740. 00

Wvh 72.70
14. 80

Mo <5.00
<5.00

Ni <4. 00
<4. 00

Ag <7.50
<4. 00

Sr 56. 90
182. 00

Sn <30. 00
<30. 00

\Y 4. 47
<1.50

Zn 122. 00
159. 00

As 4.63
<0. 30

Hg 0.08
0. 10

Se 2.76
8.31

[sup] 1 Concentrations are in ug/g, ppmdry weight.

(per cent
noi st ur e/ 100))

2 No/ Conp = Nunber of sanples in conposite.

[ sup] 3 Locati on nunber

Appendi x B (page 4 of 6).

Sanpl es

Col | ect ed

New

Sanp. # LVFM24
LVANMB4

Mat ri x Whol e Body
Li ver/ Ki dney

Speci es Sunfi sh
No/ Conp? >10

Locati on[ sup] 3 5
4

2060.

37.

<5.

<4.

<7.

305.

<30.

1,25

at Las Vegas National WIdlife Refuge,
Mexi co, 1989.
LVFMR5 LVAMR9 LVAMBO
Whol e Body Li ver/ Ki dney Liver/Ki dney
M nnows Kill deer Ki'l | deer
>50 3 3
2 1 5/ 6

00 4190. 00
50 215. 00
00 <5. 00
00 <4.00
50 <7.50
00 1090. 00
00 <30. 00
75 <1.50
80 36. 00
. 06 2.12
.03 0. 02
.90 1.45

[>]

B-4

1900. 00

14. 80
<5. 00
<4.00
<7.50
132. 00
<30. 00
<1.50

208. 00

Wt wei ght

"greater than"
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1320.
16.
<5.
<4.
<7.
61.

<30.
<1.
50.

<0.

refers to Table 1 found on page 4 of this report.

00

30

00

00

50

50

00

50

00

30

.08

.17

San M guel

LVAM33

= (dry weight) (Il -

I norgani ¢ Analysis Results (ug/g dry weight)[sup]l for

County,

Li ver/ Ki dney

Coot

3

Coot
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% Mbi sture 76.50 76. 50 66. 20 65. 90 68. 20
70. 50

Al 26. 3 115. 00 <20. 00 <20. 00 <20. 00
<20. 00

Sh <40. 00 <40. 00 <40. 00 <40. 00 <40. 00
Ba 1.28 20. 80 <1.00 <1.00 <1.00
<1. 00

Be <0. 25 <0. 25 <0. 25 <0. 25 <0. 25
<0. 25

B <2.00 <2.00 <2.00 2.23 <2.00
3.02

Cd <0.70 <0.70 <0.70 2.19 0.79
<0. 70

Co <3. 00 <3.00 <3. 00 <3. 00 <3. 00
<3. 00

Cr <4. 00 <4.00 <4. 00 <4. 00 <4. 00
<4. 00

Cu <4. 00 <4.00 20. 60 14. 40 30. 30
37. 80

Fe 77.90 224. 00 863. 00 550. 00 1200. 00
1600. 00

Pb <7.50 <7.50 <7.50 <7.50 <7.50
<7.50

My 1400. 00 1360. 00 692. 00 719. 00 617. 00
619. 00

Mh 10. 80 14. 40 17. 30 15. 10 9.29
7.93

Mo <5.00 <5. 00 <5. 00 <5. 00 <5. 00
7.00

Ni <4. 00 <4.00 <4. 00 <4. 00 <4. 00
<4. 00

Ag <7.50 <7.50 <7.50 <7.50 <7.50
<7.50

Sr 74. 30 77. 60 <1.00 <1.00 <1.00
<1.00

Sn <30. 00 <30. 00 <30. 00 <30. 00 <30. 00
<30. 00

V <1.50 <1.50 <1.50 <1.50 <1.50
<1.50

Zn 115. 00 150. 00 76. 70 86. 40 99. 80
118. 00

As <0. 30 <0. 30 <0. 30 <0. 30 <0. 30
<0. 30

Hg 0. 36 0. 46 1.15 1. 36 0. 99
0. 60

Se 5.92 1.24 9.17 8. 27 3. 83
5.15

[sup]1 Concentrations are in ug/g, ppmdry weight. Wet weight = (dry weight)(1 -
(percent

noi st ur e/ 100))
2 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"
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[sup] 3 Location nunber refers to Table 1 found on page 4 of this report.

B-5
Appendi x B (page 5 of 6). Inorganic Analysis Results (ug/g dry weight)[sup]l for
Sanpl es
Col | ect ed at Las Vegas National WIldlife Refuge, San M guel County,
New
Mexi co, 1989.

Sanp. # LVAMB5 LVAMB8 LVAMB9 LVAWVAO LVAWA3
LVAVA4
Mat ri x Li ver/ Ki dney Liver/Kidney Liver/Kidney Liver/Kidney Liver/Kidney
Li ver/ Ki dney

2 Birds
Speci es Coot BW Teal 2 GNCn Teal[sup]3 Cinn. Teal[sup]4 Mallard
Mal | ar d
No/ Conp[ sup] 5 3 3 3 3 3
3
Locati on[ sup] 6 3/5/6 2/ 8 2/ 8 7 3/4
1/7
% Moi sture 70. 60 70. 10 70. 00 74. 80 70. 30
72:-10
Al <20. 00 <20. 00 <20. 00 <20. 00 <20. 00
<20. 00
Sh <40. 00 <40. 00 <40. 00 <40. 00 <40. 00
<40. 00
Ba <1. 00 <1.00 <1.00 <1. 00 <1.00
<1.00
Be <0. 25 <0. 25 <0. 25 <0. 25 <0. 25
<0. 25
B 3.05 2:-41 243 <2.00 2.17
<2.00
Cd 1.04 2. 03 1.30 3.43 2.77
4. 00
Co <3. 00 <3. 00 <3. 00 <3. 00 <3.00
<3.00
Cr <4. 00 <4. 00 <4.00 <4. 00 <4.00
<4.00
Cu 42.10 51. 00 48. 60 38. 20 74. 20
90. 90
Fe 1440. 00 2040. 00 1330. 00 855. 00 1950. 00
1650. 00
Pb <7.50 <7.50 <7.50 <7.50 <7.50
<7.50
My 683. 00 777.00 763. 00 733. 00 637. 00
708. 00
Mh 10. 40 16. 70 16. 70 14. 60 14. 00
16. 90
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Mo <5. 00 <5. 00 <5. 00 <5. 00 <5. 00
<5. 00

Ni <4. 00 <4. 00 <4. 00 <4.00 <4. 00
<4.00

Ag <7.50 <7.50 <7.50 <7.50 <7.50
<7.50

Sr <1.00 <1.00 <1.00 <1.00 <1.00
<1.00

Sn <30. 00 <30. 00 <30. 00 <30. 00 <30. 00
<30. 00

V <1.50 <1.50 <1.50 <1.50 <1.50
<1.50

Zn 169. 00 113. 00 118. 00 118. 00 118. 00
130. 00

As <0. 30 <0. 30 <0. 30 <0. 30 <0. 30
<0. 30

Hg 0.50 1.59 2.90 2.08 1.13
1.64

Se 6. 85 7.39 8.29 8.99 21.00
11. 00

[sup]1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight)(1 -
( per cent
noi st ur e/ 100))

2 BW Teal = Blue-w nged tea
[sup]3 GWCin Teal = Green-wi nged and C nnanon teal conposite
[sup]4 G nn. Teal = G nnanpn tea
[ sup] 5 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"
[sup] 6 Location nunber refers to Table 1 found on page 4 of this report.
B-6
Appendi x B (page 6 of 6). Inorganic Analysis Results (ug/g dry weight)[sup]l for
Sanpl es
Col | ect ed at Las Vegas National WIldlife Refuge, San M guel County,
New
Mexi co, 1989.
Sanp. # LVAMA5S LVAME3 LVENB4 LVEMBS LVEMb6
Mat ri x Liver/Kidney Intern. Eggs Intern. Eggs Eggs(6 nests) Eggs(4 nests)
4 Dbirds
Speci es Mal | ar d BWC n Teal 2 Coot Coot Coot
No/ Conp[ sup] 3 3 4 20 6 4
Location[sup]4 2/5/6 7 2/ 3/5/6 3 2/ 4
% Moi sture 73.1 514 58. 3 76. 2 74.9
Al <20. 00 <20. 00 <20. 00 <20. 00 <20. 00
Sh <40. 00 40. 00 <40. 00 <40. 00 <40. 00
Ba <1.00 11. 40 Z. 80 13. 20 9. 82
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Be <0. 25 <0. 25 <0. 25 <0. 25 <0. 25
B 2.22 <2.00 <2.00 <2.00 <2.00
Cd 3.25 <0.70 <0.70 <0.70 <0. 70
Co <3. 00 <3. 00 <3.00 <3. 00 <3.00
Cr <4.00 <4. 00 <4. 00 <4. 00 <4.00
Cu 26. 90 6. 05 <4. 00 <4. 00 <4. 00
Fe 2530. 00 127. 00 232. 00 123. 00 88. 02
Pb <7.50 <7.50 <7.50 <7.50 <7.50
My 686. 00 491. 00 293. 00 539. 00 570. 00
Mh 13.50 3.32 3. 67 4,18 3.57
Mb <5.00 <5.00 <5.00 <5.00 <5.00
Ni <4.00 <4. 00 <4.00 <4. 00 <4. 00
Ag <7.50 <7.50 <7.50 <7.50 <7.50
Sr <1.00 25. 30 7.62 13. 50 18. 10
Sn <30. 00 <30. 00 <30. 00 <30. 00 <30. 00
V <1.50 <1.50 <1.50 <1.50 <1.50
Zn 106. 00 62. 40 79. 50 61. 00 49. 20
As <0. 30 <0. 30 <0. 30 <0. 30 <0. 30
Hg 0. 87 0.11 0. 03 0. 34 <0. 22
Se 13. 30 1.47 1.62 1.69 1.78

[sup]1 Concentrations are in ug/g, ppmdry weight. Wet weight = (dry weight)(1 -
(per cent
noi st ur e/ 100) )
2 BWGC n Teal = Blue-w nged and C nnanon teal conposite
[sup] 3 No Conp = Number of sanples in conposite. [>] = "greater than"
[ sup] 4 Location nunber refers to Table 1 found on page 4 of this report.

B-7
Appendi x C (page 1 of 3). Organochlorine Results (ug/g wet weight)[sup]l for Sanples
Col |l ect ed
at Las Vegas National WIldlife Refuge, San M guel County,

New

Mexi co, 1989.
Sanmp. # LVSCQ06 LVSC08 LVSQ09 LVSOL0 LVFO26 LVFQ27
Matri x Sedi ment  Sedi nent  Sedi nent Sedi ment Whol e Body Whol e Body
Speci es White Sucker Sunfish
No/ Conp? 1 2 3 1 3 >10
Locati on[ sup] 3 2 5/ 6 1 4 1 5
% Mbi sture 32.6 39.0 30. 2 27. 2 67.6 77. 4
HCB ND ND ND ND ND ND
a- BHC ND ND ND ND ND ND
r- BHC ND ND ND ND ND ND
b- BHC ND ND ND ND ND ND
g- BHC ND ND ND ND ND ND
Oxychl or dane ND ND ND ND ND ND
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Hept. Epox. ND ND ND ND ND ND
r- Chl or dane ND ND ND ND ND ND
t - Nonachl or ND ND ND ND ND ND
Toxaphene ND ND ND ND ND ND
PCB's (total) ND ND ND ND ND ND
o, p' - DDE ND ND ND ND ND ND
a- Chl or dane ND ND ND ND ND ND
p, p' - DDE ND ND ND ND 0.01 ND
Dieldrin ND ND ND ND ND ND
o, p' - DDD ND ND ND ND ND ND
Endrin ND ND ND ND ND ND
ci s-nonachl or ND ND ND ND ND ND
o, p' - DDT ND ND ND ND ND ND
p, p' - DDD ND ND ND ND ND ND
p, p' - DDT ND ND ND ND ND ND
M rex ND ND ND ND ND ND

[sup]1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight)(1 -
( per cent

noi st ur e/ 100))
2 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"

[sup] 3 Location nunber refers to Table 1 found on page 4 of this report.

C1
Appendi x C (page 2 of 3). Organochlorine Results (ug/g wet weight)[sup]l for Sanples
Col | ect ed
at Las Vegas National WIdlife Refuge, San M guel County,

New

Mexi co, 1989.
Sanmp. # LVSFO28 LVAGE1 LVAQG32 LVAC36 LVACB7 LVAU41
Mat ri x Whol e Body Carcass Car cass Car cass Car cass Car cass
Speci es M nnows Killdeer Killdeer Anerican Coot Anerican Coot Ci nnanon
Teal
No/ Conp? >10 3 3 3 5 4
Locati on[ sup] 3 2 1 5/ 6 2/ 5/ 6 34 217
% Moi sture 77.2 68. 8 72.6 72.8 73.0 71.6
HCB ND ND ND ND ND ND
a- BHC ND ND ND ND ND ND
r- BHC ND ND ND ND ND ND
b- BHC ND ND ND ND ND ND
g- BHC ND ND ND ND ND ND
Oxychl or dane ND ND ND ND ND ND
Hept. Epox. ND ND ND ND ND ND
r-Chl ordane 0.03 ND ND ND ND ND
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t - Nonachl or ND ND ND ND ND ND
Toxaphene ND ND ND ND ND ND
PCB's (total) ND ND ND ND ND ND
o, p' - DDE ND ND ND ND ND ND
a- Chl or dane ND ND ND ND ND ND
p, p' - DDE 0.01 3.70 0. 58 0. 05 0.01 0. 05
Dieldrin 0. 02 ND ND ND ND ND
o, p' - DDD ND ND ND ND ND ND
Endrin ND ND ND ND ND ND
ci s-nonachl or ND ND ND ND ND ND
o, p' - DDT ND ND ND ND ND ND
p, p' - DDD ND ND ND ND ND ND
p, p' - DDT ND ND ND ND ND ND
M rex ND ND ND ND ND ND
[sup] 1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight) (1 -
(percent

noi st ure/ 100))
2 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"

[sup] 3 Location nunber refers to Table 1 found on page 4 of this report.

C 2
Appendi x C (page 3 of 3). O ganochlorine Results (ug/g wet weight)[sup]l for Sanples
Col | ect ed
at Las Vegas National WIldlife Refuge, San M guel County,

New
Mexi co, 1989.

Sanp. # LVSAM42 LVAO46 LVAO47 LVAO48 LVEGG7
Mat ri x Car cass Car cass Car cass Car cass Eggs (2 Nests)
Speci es BW GW Mal | ard Mal | ard Mal | ard Ameri can Coot

Teal 2
No/ Conp[ sup] 3 4 3 3 3 4
Locati on[ sup] 4 217 3/4 1/7 2/ 5/ 6 5/ 6
% Mbi sture 70.8 68. 2 69. 6 7 1322
HCB ND ND ND ND ND
a- BHC ND ND ND ND ND
r- BHC ND ND ND ND ND
b- BHC ND ND ND ND ND
g- BHC ND ND ND ND ND
Oxychl or dane ND ND ND ND ND
Hept. Epox. ND ND ND ND ND
r - Chl or dane ND ND ND ND ND
t - Nonachl or ND ND ND ND ND
Toxaphene ND ND ND ND ND
PCB's (total) ND ND ND ND 0.18
o, p' - DDE ND ND ND ND ND
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a- Chl ordane ND ND ND ND ND
p, p' - DDE 0. 07 0.02 0.01 0.01 0.75
Dieldrin ND ND ND ND ND
o, p' - DDD ND ND ND ND ND
Endrin ND ND ND ND ND
ci s-nonachlor ND ND ND ND ND
o, p' - DDT ND ND ND ND ND
p, p' - DDD ND ND ND ND ND
p, p' - DDT ND ND ND ND ND
M r ex ND ND ND ND ND

[sup] 1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight)(1 -
(percent
noi st ure/ 100))
2 BWGWN Teal = Blue-wi nged and Green-w nged teal conposite
[ sup] 3 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"
[sup]4 Location nunber refers to Table 1 found on page 4 of this report.

C 3

Appendi x C. 1 Chl orophenoxy Acid Herbicides (ug/g wet weight)[sup]l for Sanples
Col l ected at Las

Vegas National WIldlife Refuge, San M guel County, New Mexico, 1989.
Sanp. #  LVSHO7
Mat ri x Sedi ment
Speci es
No/ Conp? 1
Locati on[ sup] 3 1

% Moi sture 31.8

Di canba ND
Di chl orprop ND
2,4-D ND
Si | vex ND
2,4,5-T ND
2,4-DB ND

[sup]1 Concentrations are in ug/g, ppmdry weight. Wt weight = (dry weight)(1 -
( percent
noi st ur e/ 100))
2 No/ Conp = Nunber of sanples in conposite. [>] = "greater than"
[sup] 3 I ocation nunber refers to Table 1 found on page 4 of this report.

C4
Appendi x D (page 1 of 2). Cholinesterase Inhibition Results for Sanples Collected at
Las
Vegas National WIldlife Refuge, San M guel County, New
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Mexi co,

1989.
Sanmp. # LVAC49 LVAC50 LVAGCS51 LVAC52 LVACG64 LVAC65
Mat ri x Brain Brain Brain Brain Brain Brain
Speci es Mal | ar d Mal | ar d Mal | ar d Mal | ar d Mal | ar d Mal | ar d
No/ Conp[ sup] 1 1 1 1 1 1 1
Locati on? 7 2 3 1 1 2
Sanple wt. (Q) 37 43 39 44 46 33
ChE activity[sup]3 10. 4 10.9 7.6 10. 3 11.6 12. 6
ChE inhibition[sup]4 O 0 37% 0 0 0
[sup] 1 No/ Conp = Number of sanples in conposite. [>] = "greater than"

2 Location nunber refers to Table 1 found on page 4 of this report.
[sup] 3 M cronol es of acetylthiocholine iodide hydrolyzed per mnute per gram of
tissue (wet
wei ght) at 25°C. (Assay variability
anong duplicates: nean = 5.9% nedian = 4.5% extrenes = 0.5% and 13. 5%
Percent of ChE inhibition is cal culated from published val ues for apparently normal
free-living adult mallards (n = 11,

mean ChE activity = 12 unoles/mn/g, diagnostic threshold =9; Hill, J. WIdl. Ds.
24: 51,
1988) .
D1

Appendi x D (page 2 of 2). Cholinesterase Inhibition Results for Sanples Collected at
Las
Vegas National WIldlife Refuge, San M guel County, New

Mexi co,

1989.
Sanmp. # LVACG66 LVACG7
Mat ri x Brain Brain
Speci es Mal | ar d Mal | ar d
No/ Conp[ sup] 1 1 1
Locati on? 3 7
Sample w. (g) 42 34
ChE activity[sup]3 12.6 12.1
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ChE inhibition[sup]4 O 0

[sup]1 No/ Conp = Number of sanples in conposite. [>] = "greater than"
2 Location nunber refers to Table 1 found on page 4 of this report.
[sup] 3 M cronol es of acetylthiocholine iodide hydrolyzed per mnute per gram of
ti ssue (wet
wei ght) at 25°C. (Assay variability
anong duplicates: nean = 5.9% nedian = 4.5% extrenes = 0.5% and 13. 5%
[sup] 4 Percent of ChE inhibition is calculated from published val ues for apparently
nor mal
free-living adult mallards (n = 11,
mean ChE activity = 12 unoles/mn/g. diagnostic threshold =9; Hll, J. WIdl. Ds.
24: 51,
1988).
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