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Thi s investigation was conducted to determ ne the nature and extent of

contam nants at Maxwel|l National WIldlife Refuge (Refuge) and how they nay
affect fish and wildlife resources, especially mgratory birds. The 3, 699-
acre Refuge, located in northeastern New Mexi co, includes several playas used

for storing pre-use irrigation water.

Ten sedi ment and 42 biota sanples collected fromthe Refuge were anal yzed for
23 inorganic constituents, 6 chlorophenoxy acid herbicides, and 22
organchl ori ne conmpounds. In addition, mallard (Anas platyrhynchos) brains

were col | ected and anal yzed for cholinesterase activity.

Organochl ori ne conmpounds and chl or ophenoxy aci d herbici des were bel ow
detection or were below 1 ug/g (ppn) wet weight (WN in sedinent. At these

| evel s, these conpounds were considered to present little or no biol ogical
risk to biota on the Refuge. Diagnosis of brain tissue showed | evels of

chol i nesterase activity inhibition that correlate to exposure of

or ganophosphat e or carbamate pesticides. Three out of five adult nallard
brains had 28 to 52 percent inhibition. However, controls were unavailable to

conclusively determne if exposure occurred within the study area.

O the 23 el enents analyzed in sedinent, the mean concentrations of nine
exceeded geochem cal baseline values for soils in the western United States
These el ements were beryllium boron, chromium iron, lead, nickel, selenium
vanadi um and zinc. O these, seleniumwas al so el evated in biol ogical

sanpl es. The hi ghest sel enium concentrations in mgratory birds were in

kill deer (Charadrius vociferus) |iver and kidney sanples (21.6 ug/g dry

wei ght). This concentration may present biological risk (teratogenesis) to
mgratory birds that breed at the Refuge. The highest nercury concentration

detected in fish fromthe Refuge was 0.21 ug/g WVin a rai nbow trout
i

(Oncor hynchus nyki ss) sanple. This concentration is above the National
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Cont am nant Bi omonitoring Program (NCBP) 85th percentile nercury concentration

for fish nati onw de.

Arsenic, beryllium nolybdenum nickel, silver, and vanadi umwere detected in
bi ol ogi cal sanples at such |Iow levels, or in such a linmted nunber of

speci mens, that concentrations of these el enents were considered to present
little or norisk to biota that inhabit the refuge. No determ nations of
biological risk to biota inhabiting the Refuge could be deternined for |ead
because the detection limts were too insensitive. Any future studies should
incorporate | ead analysis in tissues; however, the detection limts nust be
consi derably | ower

I ntroduction

The U.S. Fish and Wldlife Service (Service) is concerned with inorganic and
organi c contam nants present in national wildlife refuge ecosystens because of
docunmented harnful effects to mgratory birds and other biota (USFWS 1986).
Concl usi ve evidence of nortality and birth defects in birds caused by

contam nants introduced through irrigation drain water was denonstrated by the
Service in 1983 at the Kesterson National WIldlife Refuge in the western San
Joaquin Valley (Ohlendorf et al. 1986, 1987; Sai ki and Lowe 1987; and Schul er
1987). Since that tine, studies have been initiated in the western United
States to identify the nature and extent of contami nation fromirrigation or
drainage facilities on national wildlife refuges and other migratory bird or
endanger ed speci es managenent areas (Knapton et al. 1988, Lanbing et al. 1988,
Peterson et al. 1988). This prelininary contaninants investigation was
designed to determne the extent of organic and inorganic contam nants in

sedi nrent and biota at Maxwell National WIldlife Refuge (Refuge) in Colfax

County, New Mexi co.

Based on geol ogy and | and use in the study area, the potential exists for

cont am nant accurrul ation in water, sedinent, and biota found on the Refuge.
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Contami nants could originate froma variety of non-point sources within the

wat er shed. These sources include agricultural practices, soil and riverbank
er osi on exacerbated by overgrazing, coal and other mning activities, and

at nospheri c deposition.

Ref uge and Study Area

The Refuge, which includes 3,699 acres, was established by the Mgratory Bird
Conservati on Comr ssi on on August 24, 1965. The Service owns 2,792 acres and

t he bal ance of 907 acres is owned by the Bureau of Reclamation and the Vernejo
Conservancy District. The primary objective of the Refuge is to provide

feeding and resting areas for a variety of wintering mgratory birds.
2

The Refuge is located in Col fax County, in northeastern New Mexi co,
approximately 40 mles south of the New Mexi co-Col orado border and 2.5 miles
nort hwest of the Canadian River and the Village of Maxwell (Sections 9-11, 14-
16, and 21-23, T27N, R22E). The Refuge is within the Canadian R ver Basin,
bordered by the Sangre de Cristo Mountains to the west, the Raton Coal Field
to the north, and a series of hills, plugs, and nesas of the Eagle Tail and
Capul i n vol cani ¢ nountain ranges to the east (Figure 1). The Canadi an River
and its tributaries, the Vernejo, Cmarron, and Mdra rivers, originate in the
Sangre de Cristo Muntains and flow easterly across open grassl ands and
irrigated farms. The 10-year average (1979-1989) of annual precipitation at
the Refuge is 15.07 inches, whereas the evaporation rate is high, about 52

i nches per year (French 1989, 1990).

The majority of soils in the study area are forned fromshal es reported to
have pockets of high sel enium content ranging from 200 to 160, 000 ug/ kg
(Anderson et al. 1982). The soil pHis neutral to strongly al kaline and sl ope
is Oto 7 percent. The elevation is 5,900 to 7,500 feet. Northwest of the
Refuge in York Canyon and West York Canyon, an average of 600,000 tons of coa

per year is mned fromthe Raton Coal Field. The coal is washed on site and
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the water is discharged, in accordance with U. S. Environnental Protection
Agency (EPA) regul ations, into the Vernejo River which provides water to the
Refuge. North of the Refuge, the Town of Raton operates a small coal-fired
power plant. These activities, as well as soil and riverbank erosion, nay
have an inpact on water quality.

Wat er diverted by the Vernejo Conservancy District is stored in shallow | akes
and conveyed through unlined canals to 7,379 acres of irrigable | and. The
majority of the irrigation water cones fromthe Vernmejo River. The Vernejo
Canal is provided with a maxi num fl ow of 600 cubic feet per second and drains
first through Stubbl efield Lake, Laguna Madre, Lakes 12, 13, 14 on the Refuge,
and finally to Lakes 11 and 20. Water available for irrigation of Refuge

crops can only be delivered from Stubblefield and Laguna Madre Reservoirs.
See Tabl e/ Fi gure

3
Figure 1 Location of Maxwell WIldlife Refuge

( SEE ORI Gl NAL)
4

These waters are delivered via Eagle Tail Canal. In 1988, the Refuge
irrigated 440 acres of cropland with 950 shares of water |eased fromthe

Ver mej o Conservancy District.

Lakes 12, 13, and 14, fornerly natural playas, total 907 surface acres and
conprise the majority of the wetlands on the Refuge (Figure 2). These | akes
were originally nodified in the early 1900's. The Vernejo Conservancy
District now controls the water |evel of the |akes. Water |evels fluctuate

wi dely, preventing shoreline stabilization and Lakes 12 and 14 are often
conpletely dry in the summer. In 1955 Lake 13's storage capacity was

i ncreased by raising and | engthening the existing dam The danms of Lakes 12
and 14 were not changed at this tine. Seepage bel ow the dans creates smnal
marshes. In the southwest corner of the Refuge, there is a natural playa that

dries out in late sumrer but receives incidental irrigation runoff froma
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nei ghbor's field (French 1989). Sone of the dissolved nmineral levels in the

| akes were higher than those of the Vernejo River (Table 1). Water quality
data on Lakes 12, 13 and 14 were provided by the New Mexi co Environnent

Departrent (Davis 1991).

In years past, Ml athion was applied to Refuge croplands to control
grasshopper infestations. Surrounding farm areas have a history of using
aerially applied Ml athion and Parathion to control insect pests. There were
no nmal at hion treatnents from 1983 to 1986, however, 2-4-D nay have been used.
In Cctober 1987, the Refuge applied Nolo bait, (Nosema |ocustae), a
bacteriological treatnment to the fields and Malathion to the ditch banks
(French 1987). In 1988, there was a heavy infestation of grasshoppers and
mal at hi on was used on the Refuge on several occasions. Parathion was aerially

applied to much of the private |and adjacent to the Refuge.
See Tabl e/ Fi gure

5
Figure 2 Maxwel | National WIdlife Refuge Sanple Site Locations

(SEE ORI Gl NAL)
See Tabl e/ Fi gur e

6
TABLE 1. FIELD DETERM NATI ONS OF WATER QUALI TY FROM THE STUDY AREA | NCLUDI NG
THE VERVEJO RI VER, LAKE 12, 13, AND 14 ON MAXVELL NWR, AND THE
CANADI AN RI'VER. ALL val ues are averages where; cfs, is cubic feet
per second instanteous discharge; pHis in standard units; yy,
i ndi cate no available data; <, is less than. 1/2/ detection limt
was used to calculate 3 and 5 year averages.
(SEE ORI G NAL)
7
SAMPLE COLLECTI ON AND ANALYTI CAL METHODS

Sedi nent and bi ota sanples were coll ected during June and July of 1989.

Anal ytes, detection lints, and abbreviations used in this report are listed
in Table 2. The species of biota collected depended upon their availability
and their ability to bioconcentrate el enments or compounds. The objective was

to collect organisns that represent the various trophic |evels; however, in
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sonme cases sanple size and type were linited. Bird sanpl es consisted of

conposite liver and kidney tissues and carcasses from bl ue-w nged teal (Anas
di scors), cinnanon teal (A cyanoptera), gadwall (A. strepera), coot (Fulica
aneri cana), and killdeer. Enbryo sanples were collected from ci nnanon teal
gadwal I , and kill deer. Brain sanples were collected fromadult mallards.

Fi sh sanpl es consi sted of whol e-body bull head (Ameiurus spp.), channel catfish
(lctal urus punctatus), ninnow species (Cyprinidae), rainbowtrout, and white
sucker (Catostonus commersoni). Plant sanpl es consisted of conposite seed and
whol e-pl ant tissue frombulrush (Scirpus subtermnalis), spike rush

(El eocharis spp.), and pondweed (Pot anbgeton spp.). Different genera and
speci es of macroinvertebrates were conposited to nmake up adequate sanpl es

wei ghts for analysis. Sanple site |ocations are shown in Figure 2 and |listed

in Table 3.

Sedi nent sanples were collected fromall | akes on the Refuge and from one
irrigation canal using a Wldco stainless steel hand corer. Each sedi nent
sanple was filtered through a 62 mcron (0.062 mrm) stainless steel nesh sieve
and were conposited for each site for a total of 10 sanples. Four of these
sanpl es were anal yzed for organochl ori ne conpounds and one was anal yzed for
chl or ophenoxy aci d herbicides. The other six conposite sanples were subnitted

for inorganic analysis.
8

TABLE 2. ORGANI C AND | NORGANI C CONTAM NANTS ANALYZED AT MAXWELL NATI ONAL W LDLI FE
REFUGE, 1989.
Abbreviations used in this report and detection |evel.

Or ganochl ori ne conpounds

1 Hexachl or obenzene ( HCB) 12 o, p' -DDT
(o, p' - DDT)

2 al pha- Benzene Hexachl oride (a-BHC 13 o, P' - DDE
(o, p' - DDE)

3 beta- BHC (b- BHC) 14 o, p' - DDD
(o, p' - DDD)

4 del t a- BHC (d- BHO) 15 p, p' - DDT
(p, p' - DDT)

5 ganma- BHC (g- BHO) 16 p, p' - DDE
(p1 pl-mE)

6 al pha- chl ordane (a-chlor) 17 p,p' - DDD
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(p, p' - DDD)
7 gamra- chl or dane (g-chlor) 18 Dieldrin (Di el d)
8 Oxychl or dane (oxchl or) 19 Endrin (Endri n)
9 Hept achl or epoxi de (HCE) 20 Mrex (M rex)
10 ci s-nonachl or (c-nona) 21 Pol ychl ori nat ed
11 trans-nonachl or (t-nona) Bi phenyl s (PCBs)
22 Toxaphene ( Toxaph)
Chl or ophenoxy aci d her bi ci des
1 Dicanbra (Di cam 5 2,4,5-T (2,4,5-T)
2 Dichl oroprop (Di chl or) 6 Silvex (Silvex)
3 2,4-D (2,4-D)
4 2,4-DB (2, 4- DB)

a) Level of Detection (LD) = 0.01 ug/g wet weight (WAN for tissue and sedi nent,
except
0.05 ug/g WV for Toxaphene and PCBs.

| nor gani ¢ Conpounds Level of Detection in ug/g dry

wei ght (DW

1 Al um num (A) A=50* P=50%* S=100*

2 Anti nony ( Sb) A=50 P=50 S=60

3 Arsenic (As) A=0.3 P=0. 3 S=0.3

4 Barium (Ba) A=2.0 P=3.0 S=4.0

5 Beryllium (Be) A=0. 2 P=0. 3 S=0. 4

6 Boron (B) A=3.0 P=4.0 S=5.0

7 Cadm um (Cd) A=0.7 P=0.9 S=1.2

8 Chromi um (Cr) A=3.0 P=4.5 S=6.0

9 Cobalt (Co) A=3.0 P=5.0 S=Not
anal yzed
10 Copper (Cu) A=4.0 P=4.0 S=5.0
11 lron (Fe) A=50 P=50 S=100
12 Lead ( Pb) A=7--0 R=9. 0 S=12
13 Magnesi um (M) A=50 P=50 S=100
14 Manganese (Mn) A=2.0 P=2.0 =4.0
15 Mercury (Hg) A=0. 02 P=0. 02 =0. 02
16 Mol ybedenum (M) A=3.5 P=5.0 =6. 0
17 Ni ckel (Ni) A=4.0 P=5.0 =6. 0
18 Sel eni um (Se) A=0. 3 P=0. 3 =0. 3
19 Silver (Ag) A=10 P=14 =16
20 Strontium (Sr) A=2.0 P=3.0 S=4.0
21 Tin (sn) A=50 P=50 S=60
22 Vanadi um (V) A=2.0 P=2.5 S=5.0
23 Zinc (Zn) A=3.0 P=4.0 S=6.0

*» A= aninmal tissue, P = plant tissue, S = sedinment
9

TABLE 3. - TABULATED CATALOG OF SAMPLES COLLECTED FROM MAXVELL NWR, 1989.
[Anal ysis: 1,
i norganic; O organochlorine; H herbicide; C, cholinesterase; NOJO COW, conposite
anount] .

SAMPLE # LOCATI ON SITE # SAMPLE TYPE NO  VEI GAT % MO STURE
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ANALYSI S
COVP | NGRAMS  CONTENT

TYPE

MXSMD 1 LAKE 13 & DRAI N 3 SEDI MENT 2 603. 4 36. 80
:\/D(SI\/DZ MAI' N CANAL 5 SEDI MENT 3 309. 4 34. 20
:\/D(SI\/DS NATURAL PLAYA 1 SEDI MENT 3 272.0 37.40
:\/D(SI\/D4 LAKE 14 4 SEDI MENT 3 255. 8 31.10
:\/D(SI\/DS LAKE 12 DRAI N 2 SEDI MENT 3 365.5 38. 40
:\/D(SI\/DG LAKE 13 & DRAIN 3 SEDI MENT 2 616.0 28. 60
SBXOO7 MAI' N CANAL 5 SEDI MENT 1 360.0 28. 80
IC\)/D(SOOB NATURAL PLAYA 1 SEDI MENT 1 219:0 36. 60
(|3/D(SOO9 LAKE 14 4  SEDI MENT 1 258.0 25. 40
(|3/D(8010 LAKE 12 DRAI N 2 SEDI MENT 1 367.0 38. 40
(Ie/D(PI\/D6 NATURAL PLAYA 1 BULRUSH (seed) >100 27.9 64. 60
:\/D(PI\/I]_Z LAKE 14 DRAI N 4 SPI KE RUSH (seed) >100 99.0 65. 80
:\/D(PI\/I]_3 LAKE 13 3 SPIKE RUSH (seed) >100 51.3 67. 00
:\/D(PI\/I]_4 LAKE 13 DRAI N 3 SPIKE RUSH (seed) >100 37.4 61. 10
:\/D(PI\/I]_S LAKE 12 DRAI N 2 PONDVEED (pl ant) >10 77.4 89. 00
:\/D(I ML6 I NFLOW TO 12, 13, 14 2, 3,4 CRAYFI SH 22 2273 71. 60
:\/D(I ML7 LAKE 13 DRAIN 3 CRAYFI SH 25 277. 1 76. 90
:\/D(I ML8 LAKE 12 DRAI'N 2 CRAYFI SH 5 78.6 74.70
:\/D(I ML9 LAKE 14 4 AQUATI C | NVERTEBRATES >100 128. 8 90. 50
:\/D(I M2O NATURAL PLAYA 1 AQUATI C | NVERTEBRATES @ >50 64.9 90. 00
:\/D(FMZl LAKE 13 | NFLOW & DRAI' N 3 BULLHEAD, CH. CATFI SH 25 2076. 4 80. 40
:\/D(FMZZ LAKE 14 4 BULLHEAD 3 976. 3 80. 70
:\/KFMZB MAI N CANAL 5 M NNOA6 50 350. 6 75. 50
:\/D(FMZ4 LAKE 12 DRAI N 2. M NNOW5 50 257.0 78. 80
:\/D(FMZS LAKE 13 | NFLOW 3 VH TE SUCKER 2 168. 8 68. 40
:\/D(FMZ6 LAKE 13 3 RAI NBOW TROUT 2 1154. 5 69. 80
:\/D(FOZ? 13, 14 & INFLOW & DRAIN 3,4 BULLHEAD, CH. CATFI SH 50 1650.0 80. 00
EIXFOZS 13, 12 & INFLOWVW & DRAIN 2,3 M NNONG >100 744.0 75.50
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MXF029
0
MXFMB3
I
MXFMb4
I
MXFMB5
I
MXFO56
0
MXFO57
0
MXAMB0
I
MXAM3 1
I
MXANMB4
I
MXANMBS
I
MXANMB8
I
MXAMB9
I
MXAMA 2
I
MXA032
0
MXAO033
0
MXA036
0
MXAO037
0
MXA040
0
MXAO41
0
NXA043
0
MXEMA4
I
MXEMAS
I
MXEMA6
I
MXEO47
0
MXACA8
C
MXACA9
C
MXAC50
C
MXAC51
&
MXAC52
C

LAKE 13

CONCHAS LAKE
CONCHAS LAKE
CONCHAS LAKE
CONCHAS LAKE
CONCHAS LAKE

LAKE 12

LAKE 12 & DRAI N
LAKE 12 & DRAI N
LAKE 14, 12 & DRAIN
LAKE 14 & DRAI N

12 DRAIN, 14 | NFLOW
LAKES 13 & 14

LAKE 12

LAKE 12 & DRAIN
LAKE 12 & DRAI N
LAKE 14, 12 & DRAIN
LAKE 14 & DRAI N

12 DRAIN, 14 | NFLOW
LAKES 13 & 14

MAI'N ROAD

LAKE 12 DRAI'N

LAKE 14

LAKE 14

LAKE 13

LAKE 13

LAKE 13

LAKE 12

LAKE 14

2,4

2,4

3,4

2,4

2,4

3,4

RAI NBOW TROUT

CARP

SHAD

VWH TE CRAPPI E

SHAD

VWH TE CRAPPI E

GADWALL (liver/Kkidney)
GADWALL (liver/Kkidney)
COOT (liver/ ki dney)

KI LLDEER (Ii ver/Kki dney)

KI LLDEER (i ver/Kki dney)

CINN TEAL (Iiver/Kkidney)

BW TEAL (liver/kidney)
Kl LLDEER ( car cass)

KI LLDEER (car cass)

CI NN TEAL (carcass)
BW TEAL (carcass)
GADWALL (carcass)
GADWALL (carcass)
COOT (carcass)

KI LLDEER (1 nest)

CINN TEAL (internal eggs)

GADWALL (i nternal eggs)
GADWALL (1 nest)
MALLARD ( br ai n)

MALLARD (brain)

MALLARD (' brai n)

MALLARD ( brai n)

MALLARD (' brai n)

10
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Fish were collected fromthe Refuge using seines or gill nets. Wole body
sanpl es were conbined into conposites of |ike genus and species. Birds were
shot with steel shot, carcasses were anal yzed for organochlori ne conpounds and
[iver and kidney sanples were anal yzed for inorganic constituents (Table 2).
Bird enbryos were either hand gathered fromnests or renoved fromthe oviduct
of a collected specinmen. Five nallards were shot and their brains submtted
for analysis of cholinesterase enzyne (ChE) activity. Aquatic plant sanples
were gat hered by hand. Aquatic invertebrates were collected w th underwater
light traps or seines, and were conbined into conposite sanples. Collection

and di ssection equi pmrent were decontani nated after each sanple.

The frozen sanples were shipped to U.S. Fish and WIldlife Service, Patuxent
Wldlife Research Center, Analytical Control Facility, certified contract

| abs. Processing and preservation of sanples were in accordance wth
procedures outlined by the Patuxent WIldlife Research Center (USFW5 1985a,

1985h) .

Anal yses for organi c conmpound residues were perforned at the M ssissippi State
Chemical Laboratory. Tissue sanples were extracted with hexane, dried, and
the lipid content determined. The sanples were then partitioned into
fractions using chromatographic columms (Florisil, silica gel, or silicic
aci d). Oganochl orine residues were quantified using packed or megabore
columm, el ectron capture, gas chronatography. The results of these analyses
are provided in Appendi x A Sedi nent sanples were extracted and partitioned
into fractions using either a separatory funnel or colum chromatography;
anal ysis continued in the sane manner as for tissue sanples. Results of the
chl orophenoxy aci d herbicide anal ysis are shown in Table 4.

i
Tabl e 4. Resul ts of Chl orophenoxy Acid Herbicide Anal ysis on sedi nent sanple

conposited from Lake 13 and drain. Values are in ug/g, wet weight.
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ND, none detected; MSTR, noisture content in percent; weight is in

grans; see table 2 for anal yte abbreviations.

SAMPLE # WEI GHT MSTR ANALYTE
DCAM DICHLOR SILVEX 2,4-D 2,4,5-T 2,4-DB

MXSHO6 616. 0 26. 8 ND ND ND ND ND ND

Anal ysi s and di agnosis of ChE activity in nmallard brains was perforned by Dr.
Elwood Hll, US. Fish and WIldlife Service, Patuxent WIldlife Research
Center, according to nethods detailed in Hll and Flem ng (1982) and Hil

(1988). The results are shown in Table 5.

Anal yses for inorganic contamnants were perfornmed at the Research Triangle
Institute, North Carolina. Sanples were honogeni zed, freeze dried, digested
with nitric acid, and filtered. Separate digestions were conducted for
sel enium arsenic, and nmercury. Selenium and arsenic were anal yzed using
Graphite Furnace Atom c Adsorption (GFAA). Mercury anal ysis was perforned
usi ng Col d Vapor Atom c Absorption (CVAA). Analysis of other elenments was by
I nductively Coupl ed Plasna Em ssion Spectroscopy (I CP). The results of
i norgani c analysis in dry weight are shown in Appendix B with wet weight
results in Appendix C

12
Tabl e 5. Resul ts of Cholinesterase Enzyne Activity Assays of Mallards

collected from Maxwel |l National WIdlife Refuge-1989.

SAVPLE # SI TE LOCATI ON ChE ACTI VI TY[ sup] a ChE

| NHI BI TI ON[ sup] b

MXACA8 Lake 13 9.3 0
MXAC49 Lake 13 5.7 52%
MXAC50 Lake 13 12. 6 0
MXAC51 Lake 12 8.7 28%
MXAC52 Lake 14 6.0 50%
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[supl]a Mcronol es of acetylthiocholine iodide hydrolyzed per mnute per gram of

tissue (wet weight) at 25°C.

[sup] b Percent of ChE inhibition is calculated from published values for apparently
normal free-living adult mallards (n=11, nean ChE activity = 12 unoles/mnin/g,

di agnhostic threshold = 9; H Il 1988).

DI SCUSSI ON OF RESULTS

Determ ning what a specific concentration of a particular conpound neans to a
bi ol ogi cal systemis difficult. There is inadequate information on "normal"
contamnant levels in fish and wildlife or their food items to adequately
assess risk. Action and alert |evels proposed by various agenci es and experts
are often only for specific applications (lrwin 1988). In this study,
conparative levels of contanminants reported in fish and wildlife tissues were
used to determine if residue |evels of certain conpounds in our sanples were
el evated. Contam nant |evels of concern reported in scientific literature
fromother investigations were used, where appropriate, to determ ne whether
or not an environnmental risk may exist.

13
Organi ¢ Contam nants
Anal ysi s for chl orophenoxy acid herbicides included tests for D canba,
Di chl orprop, Silvex, 2,4-D, 2,4-DB, and 2,4,5-T. These herbicides are used to
control herbaceous terrestrial and aquatic plant growh. Analytical results
i ndi cate these herbicides were not detectable in sedinents collected from Lake

13 and drain (Table 4).

No organochl orine conpounds were detected in sedinent sanples. Levels of the
p' p- DDE averaged 0.01 ug/g WWin fish sanples collected fromthe Refuge. This
is below the NCBP geonetric nmean level of 0.19 ug/g WVp' p-DDE (Schmtt et al

1990). The maxi mum concentration in birds (0.85 ug/g WN was found in
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killdeer along with residues of hepatochl or epoxide, |lindane, and total PCB' s.

Organochl ori ne contam nant | evels of all biotic sanples were bel ow t he
predat or protection level of 1.0 ug/g WWVWfor conbined DDT, DDE, and DDD (Nat'l
Acad of Sci 1973). A summary of concentrations of organochlorine conpounds is

presented in Appendi x A

Chol i nesterase | nhibition

O ganophosphat es such as Mal at hi on and Parat hi on and carbamates such as
Car bofuran inhibit the cholinesterase (ChE) enzynme, causing a build-up of
acetyl choline along nerve synapses (Ramade 1987). Physical synptons of ChE
i nhi bition can include paralysis, and unusual or subdued behavi or (Mirphy

1986). Severe ChE inhibition may |lead to death (Smith 1987).

Chol i nesterase enzyne inhibition occurred in 3 of the 5 mallard brains tested
(Table 5). Although the percentage of ChE inhibition was diagnostic of
exposure to organophosphate or carbamate pesticides (Hill, pers. conm), we

were not able to determine if this exposure occurred within the study area.
11

Additionally, there were no observations of abnormal behavior prior to

collection in any of the nmallards collected for this study.

| norgani c Contami nants in Water. Sedinent and Biota

Certain el enents can have profound effects on aquatic species through the
accunul ati on and bionagnification in the food chain (Lemy and Smith 1987).
Arsenic, chrom um nickel, and vanadi um are known to bi oaccurnul ate in

i nvertebrate and plant species nore than in fish, bird, or nmanmal species
(Ranade 1987). Mercury, lead, and sel eniumare known to bioaccunmulate in
aquatic species fromsnmall quantities in water or sedinent (parts per billion)
to adverse or lethal tissue levels (parts per mllion) (Eisler 1985b, 1987,
1988b). El enents that bioaccunul ate, or are found at a | evel of concern, are

di scussed in this report.
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Water quality data (circa 1987) from Lakes 12, 13, and 14 was provided by the
New Mexi co Environnent Departnent (Davis 1991). Data fromthe Canadi an R ver
were available fromthe U S. Geol ogical Survey Water Resources Data Reports
(USGS 1987-89) and water quality data fromthe Vernejo River were taken from
Leftwich (1985)(Table 1). In water sanples collected for these studies, npst
el ements of concern were below the anal ytical |evel of detection. A sumary

of these results is included in Table 1.

The effect of sedinment chemistry on the concentration of elements in water is

dependent on chenical and physical factors such as pH, Eh, tenperature, and

the solubility of individual elenments. Soil profile, and m crobiol ogi cal

activity are also inportant factors. Aquatic sedinments often have an

increased capacity to bind netals because of greater ampunts of organic natter

(DA Task Group 1985). W have used ranges of trace el ement concentration in

soils of the western conterm nous United States (Shacklette and Boerngen 1984)

as a reference baseline for evaluating concentrations in sedinment sanples from
15

the Refuge. Any significant increase in concentration conpared to these

baseline levels could indicate that an el enment was el evated. (Table 6)

Arseni c

Arsenic in the environnent accunulates in plants and invertebrates (Eisler
1988). Invertebrate sanples fromthe Refuge had detectable |evels of arsenic
from0.3 to 0.8 ug/g WN Eisler (1988) reported that arsenic concentrations
l ess than 1 ng/ kg WW caused few, if any, chronic effects to birds, mamal s,
and aquatic species. Arsenic was not detected in the tissue sanples taken
fromfish or birds at the Refuge. Therefore, arsenic does not seemto be

present at toxic concentrations in Refuge biota.

Cadm um
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Cadmi um resi dues were below the |imt of detection in sedinment, plant, and
fish sanples taken fromthe Refuge, but the elenent was detected in one
crayfish sanple and in one conposite aquatic invertebrate sanple. In bird
liver and ki dney sanples, cadm umresidues ranged fromless than 0.70 to 8.45
ug/g DW Gadwal | and cinnanon teal from Lake 12 had the hi ghest cadm um
concentrations but were below the 10 ug/g WV (14 ug/g DW |evel used as an

i ndi cator of harnful cadm um concentrations in mgratory birds (Eisler 1985a).

Mercury

Mercury is the nost toxic heavy netal

aquatic systens (Eisler 1987).

i nvert ebrate sanpl es,

Wy, in all

sanpl es.

in all

bird liver and ki dney sanpl es,

Mercury was not detected in any of the plant sanples.

16

Mercury was detected in four of five

The 85t h

to fish and can readily bioaccunul ate in

fish sanpl es (maxi mum concentration 0.21 ug/g

and in tw of three bird enbryo

TABLE 6. COVPARI SON OF DETECTED TRACE ELEMENT CONCENTRATI ONS BETWEEN BASELI NE
SO L OF THE WESTERN CONTERM NOUS UNI TED STATES (as sunmmari zed from
Shackl ette and Boerngen 1984) AND SEDI MENT FROM MAXWELL NWR.  ALL

Val ues are ug/g dry weight.

See Table 2 for abbreviations.

ELEMENT BASELI NE SO LS GEQVETRI C MAXVELL SO LS GEOVETRI C
( RANGE) VEAN ( RANGE) MVEAN
Al 15, 000 - 230, 000 58, 000 16,200 - 53, 200 29, 000
1.2 2 5.5 R R 4.5
Ba 200.:= 1,700 580 339 - 553 428
Be 0.13 - 3.6 0. 68 {03 o B ke 0.8 b
B 5.8 - 91 23 56.3 - 100 68
or 8.5 - 200 41 34.5 - 63.3 46
Fe 5,500 - 80, 000 21, 000 24,400 - 30, 700 25, 950
Pb 5.2 - 55 17 22--°38 27
My 1,500 - 36,000 7, 400 4,420 - 10, 800 5, 005
Mh 97 - 1,500 380 i e 5 312

http://orion.cr.usgs.gov/dec_reports/13/report.html (17 of 28) [10/17/2000 1:13:49 PM]



Published Reports

Hg 0.0085 - 0.25 0. 046 <0.02 - 0.03 0
Ni 3.4 - 66 15 15.8 - 25
Se 0.039 - 1.4 0.23 <0.30 - 0.71
(0.6 a)
Sr 43.0 - 930 200 90 - 256
A 18 - 270 70 77 - 141
Zn 17 - 180 55 67 - 109

a For shal e, Eben and Shackl ette, 1982.
b Geonetric nmean calculated with 1/2 detection limt
17

percentile concentrati on of mercury in fish fromthe Refuge was 0.08 ug/g WN
The maxi mum concentration was 0.21 ug/g WVin a rainbow trout sanple collecte
fromLake 13. The NCBP 85th percentile concentration of mercury in whol e-body
fish sanples is 0.17 ug/g WN(Schm tt and Brunbaugh 1990), and the predator
protection level is 0.10 ug/g w (Ei sler 1987). Results fromthis study

i ndicate that mercury may be bioaccurmul ating in sonme fish species fromthe

Ref uge and additi onal studies should be conduct ed.

Sel eni um

Sel enium (Se) was not detected in sedinent from Lakes 12 and 13, but was

hi ghest (0.7 ug/g DW in sedinment taken fromthe main irrigation canal.

Sel eni um was detected in all tissue sanples collected at the Refuge, but not
in aquatic plants. Concentrations in fish seenmed to be dependent on | ocation
and trophic level. The concentrations of seleniumin fish were highest in
upper trophic | evel species (rainbowtrout) or in fish frominflow canals.
For exanple, the concentration of Se in mnnows collected in the main canal
(1.49 ug/g WN was nearly twice the concentration found in m nnows coll ected

from Lake 12 (0.70 ug/g VWN.

To protect predators from accurulating toxic |evels of selenium Eisler

(1985b) suggested consunption |levels |less than 0.5 ug/g WW Seventeen of the
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20 tissue sanples collected at the Refuge exceeded this |l evel. Three of the

six fish sanples collected had sel eni um concentrations that exceeded the NCBP
85th percentile of 0.73 ug/g WV (Schmtt and Brunbaugh 1990). The geonetric
nean sel eni um concentration of fish fromthe Refuge (0.80 ug/g WN exceeded
the NCBP geornetric nmean of 0.42 ug/g WW (Schnitt and Brunbaugh 1990). For
this survey, seleniumconcentrations above the 85th percentile are considered

el evated and are interpreted as evidence of sel enium contam nation.
18

The hi ghest concentrations of seleniumin bird liver and ki dney sanples were
fromkilldeer. Killdeer |liver and kidney sanples collected fromthe Refuge

had sel eni um concentrations of 20.5 and 21.6 ug/g DW El evated concentrations
of selenium (greater than 10 ug/g DW were also detected in |iver and ki dney
sanmpl es of blue-w nged teal and gadwal |l (Appendix B). According to Skorupa et
al . (1990) waterbird populations with nmean |iver sel enium concentrations bel ow
10 ug/g DWdo not experience sel eniuminduced teratogenic effects; populations
wi th nean concentrati ons above 30 ug/g DWusually do experience treatogenic
effects and; popul ations with nmean concentrations between 10 and 30 ug/g DW
requi re individual studies of reproductive performance to assess risk with

hi gh confi dence.

The hi ghest sel eni um concentration in enbryos collected fromthe Refuge was
5.2 ug/g DWin killdeer. Enbryos of cinnanon teal and gadwall were bel ow 3
ug/g DW According to Skorupa et al. (1990) waterbird popul ati ons with nmean
egg sel enium concentrati ons bel ow 3 ug/g DWdo not experience sel eni uminduced
teratogenic effects; populations with nean concentrati ons greater than 20 ug/g
DWusual Iy do experience teratogenic effects and; popul ati ons with nean
concentrations between 3 and 20 ug/g DWrequire individual studies of
reproductive performance to assess risk with high confidence. Based on these
conparisons, it appears that nesting birds, especially killdeer, at the Refuge
are accunul ating seleniumto |levels which nay be adversely effecting

reproduction. Additional study of nesting birds and their enbryos fromthe
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Refuge will be necessary to support this conclusion or identify specific

effects, if any.

O her El enents

El enents such as barium beryllium boron, nolybdenum nickel, strontium and
vanadi um were detected in Refuge biota and sedi ment sanples. The |evels that
were detected were not sufficiently elevated to assess the potential for

19
impacts to fish and wildlife. Wth the exception of boron, the range of
concentrations of elenments in sedinment fromthe Refuge are within the baseline
range of values fromsoils in the western United States (Shacklette and
Boer ngen 1984). Boron, chromium iron, manganese, nickel, vanadium and zinc
were nore concentrated in sedinment fromthe natural playa than at the other

| akes probably because of evapoconcentration.

The hi ghest concentrations of alum num nercury, lead, and strontiumin
sedi ment were detected at Lake 14. This |ake also has snaller storage
capacity conpared to Lake 13 and is probably prone to el enent concentration

t hr ough evaporati on.

Sunmmar y

Wth regard to organochl orine contam nation, DDE, a breakdown product of DDT,
was the nost frequently detected organic conpound in Refuge biota. Killdeer
had the highest |evels of DDE as well as PCBs, BHC, oxychl ordane, and

hept achl or epoxide. This may reflect diet or netabolic differences between

pl over species and other bird species sanpl ed.

Three of five mallards tested positive for ChE inhibition at a | evel
di agnosti c of exposure to organophosphorus insecticides, such as Ml athion and

Par at hi on, which are used in the study area.
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Evi dence of sel enium contam nation was found in biota at the Refuge. Mercury
concentrations in sone fish tissue sanpl es were above recomended | evel s for
protection of predators (0.1 ug/g), and were highest in a rainbow trout
sanple. Seleniumresidues in biota were at |levels that nay be causing
reproductive inpairment to nmigratory birds. Bird sanples fromthe Refuge had
sel eni um resi dues conparable to birds fromthe San Joaquin Valley where
20
wi despread seleniumtoxicity and enbryonic nortality have been reported

(Ohl endorf 1989, Skorupa et al. 1990).

A potential source of seleniumin the watershed and Refuge | akes may be from
weat hered shal es, which are a primary conponent of the soils and geol ogy of
the study area. Activities that contribute to soil and riverbank erosion may
then have the greatest effect on water concentrations of selenium O her
possi bl e sources could be fromcoal mning activities such as coal wash

di scharge into the Vernejo River or atnospheric fall-out froma coal-fired

power plant to the north.

Recomendat i ons

Sel eni um seens to be accunulating in the biota at the Refuge and coul d
represent a threat to migrating and resident birds as well as other wildlife
speci es. A conprehensive contam nant investigation should be devel oped that
addresses, in detail, the effects and trends of seleniumand other elenents in
wat er, sedinment and biota at the Refuge. Physical water chem stry studies on

a seasonal basis should be conducted in conjunction with other studies on the
Refuge. Sedinent fromthe Vernejo River, the H gh Line Canal, the Vernejo
Ditch, the Eagle Tail Canal, Stubblefield Lake, Laguna Madre, and Lake 11
shoul d be anal yzed separately to determ ne the relative contam nant
contribution of each area. Potential sources of contanination from coal

mning activities should also be investigated. An analysis of Pierre shale
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and ot her shal e and sandstone whi ch make up the parent naterials of the soi

coul d establish background | evels of seleniumin the watershed.

Speci fic managenment recomrendati ons cannot be nade at this tine because of a
lack of site specific data. This study was designed to determine if nmigratory
birds at the Refuge potentially could be exposed to and accurul ati ng harnfu
I evel s of inorganic/organic contamnants. This study did not attenpt to

21
i sol ate the source(s) of contam nation. During the summer of 1991 anot her,
nore detail ed, study was conducted at the Refuge. This study was designed to
determine if the source(s) of seleniumis on the Refuge or if seleniummy be
i ntroduced into the Refuge fromirrigation supply water. Wen the data from
the 1991 study are available, it may then be possible to nake specific
managenment recommendations. Finally, it nay be advisable that staff fromthe
Ref uge conduct sone sanpling of biota at the Refuge to devel op a dat abase
whereby a sel enium (and other inorganic) status and trends anal ysis can be
conducted. Should this option be considered viable for inclusion in genera
Ref uge nonitoring, this office would be pleased to assist in training, the
design and on-site inplenentation of such efforts.
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APPENDI X A. - ANALYTI CAL RESULTS OF ORGANOCHLORI NE CONTAM NANTS | N BI OTA MD SEDI MENT

wei ght .

2]

FROM MAXVELL NWR, 1989. [AlIl values are in nicrograms per gram wet

Speci es: CH catfish, channel catfish; BWTeal bluew nged teal;

CI NN Teal , cinnanon teal; WEICGHT, sanple weight in granms; MSTR, noisture
content in percent; LIPID. %lipid content;

ND, none detected at detection linmit; Conpound abbreviations in Table

( SEE ORI Gl NAL)

See Tabl e/ Fi gure
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APPENDI X A (Concl uded).- ANALYTI CAL RESULTS OF ORGANOCHLORI NE I N BI OTA AND SEDI MENT

FROM MAXVELL NWR, 1989. [All values are in nicrograns pr

gram wet

wei ght. Species: CH Catfish, channel catfish; BWTeal,

bl uew nged

teal; CINN Teal, cinnanon teal; WElIGHT, sanple weight in

grans; MSTR,
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nmoi sture content in percent; LIPID, %Ilipid content; ND
none det ect ed
at detection limt; Conpound abreviations in Table 2]

(SEE ORI G NAL)
See Tabl e/ Fi gur e
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APPENDI X B.- ANALYTI CAL RESULTS OF | NORGANI CS | N Bl OTA AND SEDI MENT FROM MAXWELL NWR
1989.

[Values are in mcrograns per gram dry weight. Species: W Sucker,
whi t e sucker

RB Trout; Ag. Invert., aquatic invertebrates; MSTR noisture content in
percent;

|E, internal egg; <, less than analytical detection limt; Conmpound
abbrevi ati ons

in Table 2].

( SEE ORI G NAL)
See Tabl e/ Fi gur e
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APPENDI X B (Concluded). - ANALYTI CAL RESULTS OF | NORGANI CS I N Bl OTA AND SEDI MENT FROM

MAXVEELL NWR, 1989. [Val ues are in nicrograns per gram

dry weight. Species: WH Sucker, white sucker; RB Trout,

rai nbow trout; Aq. lnvert., aquatic invertebrates;

MSTR, noisture content in percent; |E internal egg;

<, less than anal ytical detection linmt; Conpound
abbrevi ati ons

in Table 2].

(SEE ORI G NAL)
See Tabl e/ Fi gure
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APPENDI X C. - ANALYTI CAL RESULTS OF | NORGANI CS I N Bl OTA AND SEDI MENT FROM MAXVEL L
NWR, 1989.

[Values are in mcrograns per gram wet weight, MSTR noisture content
in

percent; IE, internal eggs; <, less than detection limt; El enent
abbrevi ati ons

in Table 2].

(SEE ORI G NAL)
See Tabl e/ Fi gur e

33

APPENDI X C (Concluded). - ANALYTI CAL RESULTS OF | NORGANI CS I N Bl OTA AND SEDI MENT FROM
MAXWEL L

NWR, 1989. [Values are in mcrograns per gram wet weight.
MSTR,

noi sture content in percent; IE, internal eggs; <, |less
t han

detection limt; Elenent abbreviations in Table 2].
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