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Data in this report have been colllcted, analyzed, and reported by
several laboratories and governmental agencies; therefore, different reporting
units have been used. Assuming that the density of water samples is 1.00 gram
per milliliter, the following reporting units are equivalent:

parts per million (ppm) = milligrams per liter (mg/L)

= micrograms per gram (ug/g)

= milligrams per kilogram (mg/kg)
parts per billion (ppb) = micrograms per liter (ug/L)

= micrograms per kilogram (ug/kg)

Concentrations of chemical constituents such as trace elements and
pesticides often are smaller than minimum concentrations that can be
identified or measured with specified laboratory methods. In those
situations, concentrations are reported as less than (<) reporting limits
which are the minimum concentrations that can be reported with a high degree
of confidence.

Concentrations of chemical constituents in samples are reported on a dry-
weight basis for bottom sediment and on a| dry-weight or wet-weight basis for
biota. The relation between dry-weight concentration and wet-weight
concentration with the percent moisture expressed on a wet-weight sample basis
is:

dry-weight concentration = (wet-weight concentration )
1 - percent moisture/100

Specific conductance is a measure of the capacity of a water solution to
conduct an electrical current. It is expressed in uS/cm (microsiemens per
centimeter at 25 degrees Celsius) and can be used to estimate dissolved-solids
concentrations. A dissolved-solids concentration in water in milligrams per
liter in the middle Rio Grande or the Bosque del Apache National Wildlife
Refuge is approximately 60 to 75 percent of the specific-conductance value.

Radioactivity in water is expressed in pCi/L (picocuries per liter). A
picocurie is one trillionth (1 x 10 '?) of a curie of radiocactivity. A curie
is the radiocactivity of 1 gram of the radium-226 isotope.

Streamflow is reported in ft3/sec (cubic feet per second). If a flow is
estimated from channel hydraulics, the wvalue reported is preceded by the
letter "E".

A data-collection site that has data |stored in the Water-Quality Storage
and Retrieval System (WATSTORE) data base is identified by a unique station
number that is either an 8-digit number based on its downstream location on
the river system or a 15-digit number based on its latitude-longitude
location. These station numbers appear where applicable in some of the data

tables in this report. |
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RECONNAISSANCE INVESTIGATION OF WATER QUALITY, BOTTOM SEDIMENT,
AND BIOTA ASSOCIATED WITH IRRIGATION DRAINAGE IN THE MIDDLE
RIO GRANDE VALLEY AND BOSQUE DEL APACHE NATIONAL WILDLIFE

REFUGE, NEW MEXICO, 1988-89

By Kim Ong, U.S. Geological Survey;
Thomas F. O’Brien, U.S. Fish and Wildlife Service; and

Marc D. Rucker, U.S. Bureau of Reclamation

ABSTRACT

Laboratory analyses of chemical constituents considered potentially toxic
to human health, wildlife, or fish were performed on water, bottom-sediment,
and biological samples collected from the Bosque del Apache National Wildlife
Refuge in south-central New Mexico for a reconnaissance investigation of
irrigation drainage that flows into the Refuge, primarily by way of canals,
from the U.S. Bureau of Reclamation‘’s Middle Rio Grande Project area.

Water-quality data from U.S. Geological Survey records indicate that most
potentially toxic chemicals in this reach of the Rio Grande were within
acceptable limits established for drinking-water supplies and wildlife use.
Likewise, data collected for this study from chemical analyses of water in
irrigation canals, impoundments, and wells within the Refuge indicate
concentrations within safe limits for drinking water and wildlife use. An
exception was water from a warm-water supply well that had an arsenic
concentration of 53 micrograms per liter. Dissolved cadmium, lead, and
mercury concentrations in water either exceeded recommended freshwater
criteria at several sites, or exceedance of these criteria was inconclusive
because the criteria were smaller than the laboratory reporting limits. All
dissolved-selenium concentrations in water samples collected for this study
and at Rio Grande stations were less than or were near the analytical
reporting limit of 1.0 microgram per liter.

Dissolved-solids concentrations in the Rio Grande increased from a mean
of 210 milligrams per liter near the upstream end of the middle Rio Grande
Project area to a mean of 649 milligrams per liter near the downstream end.
The dissolved-solids concentrations in samples collected within the Bosque del
Apache National Wildlife Refuge ranged from 461 milligrams per liter in ponded
water to 2,650 milligrams per liter in well water.
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The DOI developed a management strategy and the Task Group prepared a
comprehensive plan for reviewing irrigation-drainage concerns. Initially, the
Task Group identified 19 locations in 13 States that warranted reconnaissance-
level field investigations. These locations relate to three specific areas of
DOI responsibilities: (1) irrigation or drainage facilities constructed or
managed by the DOI, (2) national wildlife refuges managed by the DOI, and
(3) other migratory-bird or endangered-species management areas that receive
water from DOI-funded projects. Nine of the 19 locations were selected for
reconnaissance investigations during 1986 and 1987. These nine areas are:

Arizona-California: Lower Colorado-Gila River valley area

California: Salton Sea area
Tulare Lake Bed area
Montana: Sun River Reclamation Project area
Milk River Reclamation Project area
Nevada: Stillwater Wildlife Management area
Texas: Lower Rio Grande-Laguna Atascosa
National Wildlife Refuge area
Utah: Middle Green River basin area
Wyoming: Kendrick Reclamation Project area

In 1988, reports for seven of the reconnaissance investigations were
published. Reports for the remaining two areas were published in 1990. Based
upon results of the first nine reconnaissance investigations, four detailed
studies were initiated in 1988: Salton Sea area, Stillwater Wildlife
Management area, middle Green River basin area, and the Kendrick Reclamation
Project area.

Eleven reconnaissance investigations were initiated in 1988 as follows:

California: Sacramento Refuge Complex
California-Oregon: Klamath Basin Refuge Complex
Colorado: Gunnison and Uncompahgre River

basins, and Sweitzer Lake
Pine River Project

Colorado-Kansas: Middle Arkansas River basin
Idaho: American Falls Reservoir
New Mexico: Middle Rio Grande Project and

Bosque del Apache National
Wildlife Refuge

Oregon: Malheur National Wildlife Refuge
South Dakota: Angostura Reclamation Unit

Belle Fourche Reclamation Project
Wyoming: Riverton Reclamation Project

All studies are conducted by interbureau field teams composed of a
scientist from the U.S. Geological Survey (USGS) as team leader and additional
USGS, U.S. Fish and Wildlife Service (USFWS), and U.S. Bureau of Reclamation
(USBR) scientists representing several different disciplines. The
investigations are directed toward determining whether irrigation drainage:
(1) has caused or has the potential to cause significant harmful effects on
human health, fish, and wildlife; or (2) may adversely affect the suitability
of water for other beneficial uses.
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this report

focuses on the BDANWR because of its location in the North American central
flyway for migratory birds. The Refuge is used as a wintering area by large
populations of waterfowl that migrate from the northern part of the continent:
the BDANWR provided a habitat for about 60,000 wintering birds during the
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Previous studies of water quality and
tissues in the middle Rio Grande valley were
the existence of any irrigation-drainage p
wildlife, fish, or human health. These

chemical constituents in wildlife
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oblems that may be detrimental to
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information necessary to plan the field reconnaissance sampling schedule for
this study and also provided supplemental data for the middle Rio Grande areas
outside of the BDANWR. A USGS network of daia—collection stations is operated
in the middle Rio Grande valley for gaging streamflow or for obtaining water-
guality data. Water-quality data for selected stations on the Rio Grande and
the Rio Puerco were retrieved from USGS computer files to develop baseline
ranges of water—-quality values. |
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Table 4.,--Blological species, collection sites, and collection schedules for samples collected for the
Bosque del Apache National Wildlife Refuge reconnaissance study, 1988, and the Fish and
Wildlife Service Environmenta! Contaminant Program, 1986

[Locations of BDANWR collection sites shown in figure 6]

U.,S. Fish and Wildlife Service
Contaminant Program
col lection and location

Reconnaissance study

Biological Scientific collection sites

species

name

June~July 1988

June-July 1986

Mallard, adult
Mallard, immature

American coot, adult

American coot, immature

Ruddy duck, adult

Black-necked stilt,
adult

Black-necked stilt,
immature

Western kingbird, adult

Mallard egg
Coot egg
Stilt egg

Carp

Anas platyrhynchos

Fulica americana

Oxyura jamaicensis

Himantopus mexicanus

Himantopus mexicanus

Tyrannus verticalls

Cyprinus carpio

18A, triangle, 18BE, 18BW, 24C

18A, 18BE, 188W

18BE, 18BW, 24C

248, 24C

18A, triangle, 18BE

18A, 18BW

158, 18A, 18BW

18D, 24C

18A, 18BW

18D, 24B, 25A

29

18BE, 18BW, 18D, 24C,
Elephant Butte Reservoir

Sevilleta National
Wildlife Refuge

Sevilleta National
Wildlife Refuge, Elephant
Butte Reservoir

18BE, 18D, 25A, Riverside
Canal, Sevilleta National
Wildlife Refuge, Elephant
Butte Reservoir



Table 4.~-Blological species, collection sites, and collection schedules for samples collected for the
Bosque de! Apache National Wildl!|fe Refuge reconnalssance study, 1988, and the Flsh and
Wild!llfe Service Environmental Contaminant Program, 1986~-Conc!uded

U.S., Fish and Wildlife Service

Reconnalissance study Contaminant Program
Biological Scientific collection sites col lection and location
specles name June~July 1988 June-July 1986
Centrarchidae species
Green sunfish Lepomis cyanel lus 18BE, 24B, 24C, 25A 25A
Threadfin shad Dorosoma petenense 18BE, 18D, |25A Sevilleta National

Wildlife Refuge

Mosquito fish Gambusia affinis 24B, 24C

Brown bullhead Ictalurus nebulosus 18D, 24B, 24C, 25A 25A

Catfish Ictalurus punctatus Sevilleta National
Wildlife Refuge

Odonata species 18BE, 18BW, 24B, 24C

Hemiptera species 18BE, 18BW, 24B, 24C

Crayfish Palaemonetes 18BE, 18D, 24B, 24C

kadiakensis

Leafy pondweed Potamogeton foliosus 248

Horned pondweed Zannichellia palustris 18BE, 18BW, 24C

Sedge Carex sp. 25A
Curly pondweed Potamogeton crispus 18BE
Coontatll Ceratophyllum sp. 25A
Hardstem bul lrush Scirpus acutus 18BW
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Field Methods

The field methods and the laboratory services used were prescribed in the
DOI protocol for these studies (U.S. Department of the Interior, 1986). Water
and bottom-sediment samples in the river, canals, and ponds were collected
using prescribed USGS techniques for depth and cross-sectional integration of
a sample in a channel or reservoir (Edwards and Glysson, 1988); water samples
from wells were collected using USGS guidelines (Wood, 1976; and Claassen,
1982). Samplers were cleansed and rinsed thoroughly before collecting
samples. Precautions were taken to prevent contamination from contacting
surfaces. For example, contact with organic compounds such as plastic-ware or
plastic bottles was avoided in collecting water or bottom-sediment samples for
pesticide analyses. Contact with metal surfaces was avoided when collecting
samples for trace-element analyses.

In this reconnaissance study, livers and kidneys of adult and immature
mallards, coots, and black-necked stilts were collected and combined.
Composite samples of livers and kidneys from at least three individual birds

of the same species from several locations were analyzed. Samples of eggs
from the three bird species as well as samples of four fish species were
collected for analyses. Insects (of the orders Odonata and Hemiptera),

crayfish, and aquatic plants also were collected and composited for laboratory
analyses.

Biological specimens were collected using approved sampling techniques
(U.S. Fish and Wildlife Service, 1985b). Bird specimens were collected using
steel shot instead of lead shot that could contaminate the bird tissues. Fish
were collected with an electroshocker or with seines. Invertebrate
collections were made with hand nets and seines, and plant specimens were hand
collected. All specimens initially were chilled and were frozen for shipment
to the laboratories for analyses. Special care was taken in handling the
samples to avoid contamination with organic compounds or trace elements. Bird
specimens were necropsied and skinned. Livers and kidneys were combined and
pooled for trace-element analyses. The sample preparation area was thoroughly
cleaned and decontaminated before processing each sample. Separate samples of
bird eggs, fish, and plants were composited for organic analyses.

Laboratory Support Services

Chemical analyses were performed by the USGS National Water Quality
Laboratory in Denver, Colorado, using methods described by Fishman and
Friedman (1985) for inorganic constituents in water and methods described by
Wershaw and others (1987) for organic compounds in water and bottom sediment.
Containers for the samples and reagents for chemically stabilizing the samples
were supplied by the laboratory. Water samples were chilled and expedited to
the analyzing laboratories after collection.

The USGS Geologic Division Laboratory in Denver analyzed the bottom
sediment for geochemical elements using methods described by Severson and
others (1987). Analyses were performed on two particle-size ranges for each
sample if a sufficient amount of sediment was available for both after
laboratory sieving. A coarse range for all sediment particles less than 2.0
millimeters in size and a fine fraction for sediment particles less than
0.0625 millimeter in size were analyzed.
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All biological specimens collected for
were analyzed according to USFWS protocol
the Patuxent Analytical Control Facility (PA
Center. Organic analyses were performed by
Research Group at Texas A & M University in
analyses were performed by Hazleton Laba
Wisconsin. The methods that were used by th
the PACF technical memorandum of the USFWS (

Quality Assura

the reconnaissance investigation

by laboratories under contract to
CF), Patuxent Wildlife Research
the Geochemical and Environmental
College Station, Texas. Inorganic
ratories America Inc.! in Madison,
ese laboratories are described in
1985a, b).

nce

Water-quality field instruments were calibrated prior to field

measurements at each collection site by

described in the analytical manual of the

The National Water Quality Laboratory follow
described in the USGS quality assurance man
and fluvial sediments (Friedman and Erdm
bottom-sediment samples was collected for
control purposes. Duplicate water samples w
samples at canal sites served as quality-a

obtained from these repeat samples.

The Fish and Wildlife Service’'s
assurance for biological samples. The
laboratory analyses for organic samples were
spiked samples. Replicate samples for m
pesticides and PCB's. All results gre
confirmed by gas chromatography and mass sp
samples that were greater than reporti
percent. Replicate analyses of mallard egg
million).

Trace-element results were confirmed by
sample analyses. Recovery of compounds anal
(ICP) emission spectrometry ranged from 92 ¢t
Recovery of trace elements analyzed by atdg
from 90.8 to 109 percent. Arsenic recovery
percent. Duplicate analyses of mallard 1li
ICP emission spectrometry varied by les
elements. Duplicate analyses for 16 tr
kidneys varied by less than 0.01 percent.
percent. Arsenic in the duplicate samples

following applicable procedures
USGS (Fishman and Friedman, 1985).
ed the quality assurance practices
ual for chemical analyses of water
ann, 1982). A duplicate set of
geochemical analyses for quality-
ere not collected because repeat
surance checks by comparing values

ACF provided laboratory quality
recision and accuracy of the
confirmed using spiked blanks and
allard eggs were analyzed for
ater than reporting limits were
ectrometry. Recovery for spike
g limits ranged from 109 to 119
differed by 0.01 ppm (part per

spike recovery and by duplicate
yzed by inductively coupled plasma
o 107 percent for spiked samples.
mic absorption spectroscopy varied

by hydride generation was 93.5
ver and kidney tissues analyzed by

than 0.05 percent for 18 trace
ce elements on mallard livers and
elenium varied by less than 0.08
ndicated no variance.

!Use of firm names in this report is for identification purposes only and does

not constitute endorsement by the U.S. Geol

32

ogical Survey.



DISCUSSION OF RESULTS

Results of water analyses for all chemical constituents and sediment
analyses for pesticides are discussed relative to the water-quality standards
or criteria listed in table 5, parts of which were abstracted from a summary
table compiled by the New Mexico State Environmental Improvement Division
(McQuillan, 1988). The ground-water standards in table 5 were adopted by the
State of New Mexico to protect all ground water containing 10,000 mg/L
(milligrams per liter) dissolved solids or less for use as domestic or
agricultural water supplies, and to provide water-quality protection for
stream segments with ground-water inflows (Goad, 1982). The ground-water
standards are referred to because they may have applicability to irrigation-
drainage water and because surface-water numerical standards for most chemical
constituents were not adopted by the State. Narrative statements rather than
numerical limits for most of the chemicals listed in the ground-water
standards (table 5) were adopted for another set of water—-quality regulations,
New Mexico’s surface-water-quality standards (New Mexico Water Quality Control
Commission, 1988). Numerical limits for most of the inorganic chemicals
listed in table 5, however, will replace the narrative statements in revised
water-quality standards that are being promulgated for New Mexico streams.
The most stringent of the standards or criteria listed in table 5 are the
freshwater chronic criteria, which are not enforceable but are recommended
limits for the protection of aquatic life (U.S. Environmental Protection
Agency, 1986).

The results of water analyses also are compared to the percentile values
for selected water-quality properties and constituents for rivers of the
United States in table 6. These percentiles were determined from data
collected at 388 stations in the USGS National Stream-Quality Accounting
Network (Smith and others, 1987). Mean concentrations for each station were
calculated and ranked to obtain the mean concentrations for the 25th, 50th,
and 75th percentiles. For this report, the concentration of a chemical
constituent in river or canal water is generally considered elevated if it is
greater than the 75th-percentile value.

The results of bottom-sediment analyses for geochemicals are discussed
relative to geochemical baseline values presented in table 7 that were
developed from selected USGS studies of natural soils west of the 97th
meridian and within the conterminous United States (R.C. Severson, U.S.
Geological Survey, written commun., 1987, based on Shacklette and Boerngen,
1984). The geochemical baselines were determined statistically to include 95
percent of the values for each chemical element that are closest to the
geometric mean. Values greater than the upper limits in the baseline ranges
generally are considered elevated for bottom sediment; however, the
geochemical baselines were developed for soils that may be of finer texture
than bottom sediment of aquatic systems such as the Rio Grande and the canals,
ponds, and marshes in the BDANWR. Factors to be considered when comparing
these baselines to geochemicals in bottom sediment are particle-size
percentages in the bottom sediment and corresponding concentrations of the
chemical element in water and biological materials.
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Table 5.--Comparison of New Mexico Water Qua
water standards and U.S. Environ

|
|

Lity Control Commission ground-
ental Protection Agenc

drinking-water standards, health

| advisories, and

freshwater criteria,

October 1988

[Modified from McQuillan (1988); NMWQCC, Ne
Commission; USEPA, U.S. Environmental Pro

contaminant level; mg/L, milligrams per
liter; pCi/L, picocuries per liter; PCB’s
All standards listed are based on hum
concerns except for those followed
standard or "i" for irriga

w Mexico Water Quality Control
tection Agency; MCL, maximum
Eiter; Mg/L, micrograms per
polychlorinated biphenyls.
n or aquatic life health
by "s" for secondary
tion standard)

USEPA
USEPA fresh-
Water-quality primary or water
property or secondary USEPA aquatic
chemical NMWQCC MCL for lifetime life
constituent ground-water drinking health chronic
(unit) standards water advisory! criteria?
Inorganics
pH (units) 6 to 9 6.5 to 8.5(s) 6.5 to 9.0
Dissolved solids (mg/L) 1,000 500(s)
Arsenic (ug/L) 100 50 50
Boron (ug/L) 750(1)
Cadmium (ug/L) 10 10 5 21.1
Chloride mg/L) 250 250 (s)
Chromium, hexavalent 50 50 120 211
(ug/L)
Copper (ug/L) 1,000 1,000¢(s) 212
Fluoride (mg/L) 1.6 4.0
Lead (ug/L) 50 50 20 23,2
Mercury (ug/L) 2.0 2.0 3.0 0.012
Molybdenum (ug/L) 1,000¢(1i)
Selenium (ug/L) 50 10 35
Silver (ug/L) 50 50 0.12
Sulfate (mg/L) 600 250(s)
Zinc (ug/L) 10,000 5,000(s) 2110
Nitrate as N (mg/L) 10.0 10.0 10.0
Nitrite as N (mg/L) 1.0 1.0
Radium (226 plus 228) 30 5.0
(pCi/L)
Uranium (ug/L) 5,000
Pesticides and other organics
Alachlor (ug/L) 1.5
Atrazine (ug/L) 3.0
Chlordane (ug/L) 0.27 0.0043
Chlorpyrifos (ug/L) 0.041
Cyanazine (ug/L) 9.0
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Table 5.--Comparison of New Mexico Water Quality Control Commission ground-
water standards and U.S. Environmental Protection Agency
drinking-water standards, health advisories, and
freshwater criteria, October 1988--Concluded

USEPA
USEPA fresh-
Water-quality primary or water
property or secondary USEPA aquatic
chemical NMWQCC MCL for lifetime life
constituent ground-water drinking health chronic
(unit) standards water advisory! criteria?
Pesticides and other organics
2,4-D (ug/L) 100 70
DDT (ug/L) 0.001
Diazinon (ug/L) 0.63
Dieldrin (ug/L) 0.0219 0.0019
Endosulfan (ug/L) 0.056
Endrin (ug/L) 0.2 0.2 0.0023
Heptachlor (ug/L) 0.76 0.0038
Heptachlor epoxide (ug/L) 0.38
Lindane (ug/L) 4.0 0.2
Malathion (ug/L) 0.1
Methoxychlor (ug/L) 100 340 0.03
Methyl parathion (ug/L) 2.0
Metolachlor (ug/L) 10
Metribuzin (ug/L) 175
Mirex (ug/L) 0.001
Prometon (ug/L) 100
Propazine (ug/L) 14.0
Simazine (ug/L) 35
2,4,5-T (ug/L) 21
Toxaphene (ug/L) 5.0 0.31 0.0002
2,4,5-TP (silvex) (ug/L) 10 52
Trifluralin (ug/L) 2.0
PCB’'s (ug/L) 1.0 0.79 0.014

'Health advisory concentration presents a theoretical additional lifetime
cancer risk of 1 per 100,000 persons. USEPA health advisory documents also
provide various concentrations posing risks of 1 per 10,000 through 1 per
10,000,000.

2criteria dependent on total hardness as CaCOj;; 100 mg/L used while

recognizing that total hardness values greater than 100 mg/L may reduce
toxicity of certain trace metals to aquatic organisms.

35



Table 6.~-~-Baseline values of selected water-quality properties or chemical

constituents for rivers of the United States

(From Smith and others,

1987; mg/L,

milligrams per liter;
4g/L, micrograms -per liter; <, less than]

Water—-quality property

Number of

Sample-mean concentration

or chemical constituent rivers for indicated percentile
(unit) sampled 25th 50th 75th
pH (standard units) 290 7.3 7.8 8.1
Dissolved oxygen (mg/L) 369 8.7 9.8 10.5
Alkalinity as CaCO; (mg/L) 289 42.0 104.3 161.8
Calcium (mg/L) 289 15.8 38.2 66.8
Magnesium (mg/L) 289 3.9 11.2 21.7
Sodium (mg/L) 289 6.8 18.3 68.9
Sulfate as SO; (mg/L) 289 10.5 39.9 116.9
Chloride (mg/L) 289 6.7 14.9 53.3
Nitrate total as N (mg/L) 383 0.20 0.41 0.89
Arsenic (ug/L) 293 <1 1 3
Cadmium (ug/L) 285 <2 <2 <2
Chromium (ug/L) 161 9 10 10
Iron (ug/L) 293 36 63 157
Lead (ug/L) 292 3 4 6
Manganese (ug/L) 286 11 24 51
Mercury (ug/L) 199 0.2 0.2 0.3
Selenium (ug/L) 211 <1 <1 1
Zinc (ug/L) 288 12 15 21
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[Detection ratio:

Table 7.--Geochemical baselines for soils of the Western
United States

number of samples in which the element was found

in measurable concentrations to number of samples analyzed; baseline,

expected 95-percent range; ppm, parts per million; >,
<, less than;
or standard deviations;

greater than;

*, values preceded by an asterisk are arithmetic means
-~-, not determined.

Data summarized from

Shacklette and Boerngen, 1984])

Element

(ratio of Detection Geometric Geometric Observed
measure) Unit ratio mean deviation Baseline range
Calcium % 777:777 1.8 3.05 0.19-17 0.06-32
Magnesium % 777:778 0.74 2.21 0.15-3.6 0.03->10
Sodium % 744:744 0.97 1.95 0.26-3.7 0.05-10
Potassium % 777:777 *1.8 *0.71 0.38-3.2 0.19-6.3
Phosphorus % 524:524 0.032 2.33 0.0059-0.17 0.004-0.45
Aluminum % 661:770 5.8 2.00 1.5-23 0.5->10
Arsenic ppm 728:730 5.5 1.98 1.2-22 <0.1-97
Barium Ppm 778:778 580 1.72 200-~-1,700 70-5,000
Beryllium ppm 310:778 0.68 2.30 0.13-3.6 <1-15
Boron ppm 506:778 23 1.99 5.8-91 <20-300
Cadmium ppm -- -- - -- 10.020-0.18
Cerium ppm 81:683 65 1.71 22-190 <150~300
Chromium pPpm 778:778 41 2.19 8.5-200 3-2,000
Cobalt ppm 698:778 7.1 1.97 1.8-28 <3-50
Copper ppm 778:778 21 2.07 4.9-90 2-300
Gallium ppm 767:776 16 1.68 5.7-45 <5-70
Iron % 776:777 2.1 1.95 0.55-8.0 0.1->10
Lanthanum ppm 462:7717 30 1.89 8.4-110 <30-200
Lead ppm 712:778 17 1.80 5.2-55 <10-700
Lithium ppm 731:731 22 1.58 8.8-55 5.0-130
Manganese ppm 777:777 380 1.98 97-1,500 30~-5,000
Mercury pPpm 729:733 0.046 2.33 0.0085-0.25 <0.01-4.6
Molybdenum ppm 57:774 0.85 2.17 0.18-4.0 <3-7
Neodymium ppm 120:538 36 1.76 12-110 <70-300
Nickel ppm 747:778 15 2.10 3.4~-66 <5-700
Scandium ppm 685:778 8.2 1.74 2.7-25 <5.0-50
Selenium Ppm 590:733 0.23 2.43 0.039-1.4 <0.1-4.3
Silver ppm - - - - -
Strontium ppm 778:778 200 2.16 43-930 10-3,000
Thorium ppm 195:195 9.1 1.49 4.1-20 2.4-31
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Table 7.--Geochemical baselines Jor soils of the Western
United States--Conclﬂded

i
|
L

Element

(ratio of Detection Geometric Geometric Observed
measure) Unit ratio mean deviation Baseline range
Titanium % 777:777 0.22 1.78 0.069-0.70 0.05-2.0
Uranium ppm 224:224 2.5 1.45 1.2-5.3 0.68-7.9
Vanadium PpPm 778:778 70 1.95 18-270 70~-500
Ytterbium ppm 754:764 2.6 1.63 0.98-6.9 <1-20
Yttrium ppm 759:778 22 1.66 8.0-60 <10-150
Zinc pPpm 766:766 55 1.79 17-180 10-2,100

laverage composition range for sandstone, shale, and carbonate rocks as
reported in Hem (1985, p. 6).

Water and bottom-sediment samples were not collected in the middle Rio
Grande upstream from San Acacia for this study. However, data for eight
water-quality stations (fig. 1) were retrieved for water years 1978 through
1988 from the Geological Survey'’'s WATSTORE data system, and baseline ranges
were developed for selected water-quality prioperties and constituents at each
station. The range selected for each baselline included the values in the 5th
through the 95th percentiles of the ranked values for a property or
constituent for each station. The data |used were from eight USGS water-
guality stations located within the USBR’'s middle Rio Grande Project area
(fig. 1). The baseline values are listed in four tables at the back of the
report. The baseline values in these tableg are water-quality properties and
major dissolved chemical constituents (tablle 8), dissolved trace elements and
radionuclides (table 9), suspended-sediment concentrations and total-
extractable trace-element concentrations (table 10), and trace-element
concentrations in streambed sediment (table |11). The results of the chemical
analyses for water and bottom-sediment samples collected at the BDANWR are
considered elevated relative to the middle Rio Grande if the results are
larger than the 95th-percentile values in these tables.
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The results of the field measurements or laboratory analyses of water and
bottom-sediment samples collected at the BDANWR are compiled in six tables at
the back of the report. The data in these six tables consist of field
measurements, water-quality properties, and suspended sediment analyses (table
12); chemical analyses of major dissolved chemical constituents in water
(table 13); chemical analyses of dissolved trace elements in water (table 14);
chemical analyses of pesticides in water (table 15); geochemical analyses of
bottom sediments (table 16); and chemical analyses of pesticides in bottom
sediments (table 17).

Results of chemical analyses performed on biota were compared to results
from the USFWS’s National Contaminant Biomonitoring Program (NCBP) and to
USFWS’'s Environmental Contaminant Program. Results from this reconnaissance
study also were compared to irrigation-drainage studies at Bowdoin National
Wildlife Refuge in Montana and the Volta Wildlife Management area in the
Tulare Lake Bed area, California because these studies examined species
similar to those collected at BDANWR. The Bowdoin National Wildlife Refuge is
on the same migratory route used by waterfowl that fly to BDANWR for the
winter. ©No unusual mortality rates or deformities in nesting birds have been
observed at the Bowdoin Refuge (Lambing and others, 1988, p. 8). Results of
the chemical analyses of biological samples are discussed also in relation to
other studies that focused on specific contaminant residues in biota.
Biological health criteria for the chemical residues in biological tissues
analyzed for this study have not been developed.

The analytical results for biological samples collected during 1986 at
BDANWR for the Environmental Contaminant Program are compiled in three tables
at the back of the report. The data in these three tables consist of trace
elements in birds (table 18), trace elements in fish (table 19), and trace
elements in plants (table 20). The analytical results for biological samples
collected during 1988 for this reconnaissance study are tabulated for trace
elements for all biological samples in table 21. Geometric mean
concentrations and concentration ranges for selected trace elements are
summarized from the 1988 data for birds in table 22 and for fish,
invertebrates, and plants in table 23.

The analytical results for organochlorine residues in birds, fish, and
plants collected during 1986 are listed in tables 24 and 25. For the
biological samples collected during 1988, organochlorine data are tabulated
separately for comparison purposes in table 26. Tables 21 through 26,
inclusive, also are located at the back of the report.
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Water

The results of water analyses are discussed by the categories of field
measurements or chemical analyses performed on the samples (table 1). The
results are compared to the standards or criteria in table 5 and to the New
Mexico water-quality standards for streams (New Mexico Water Quality Control
Commission, 1988). The results also are compared to the baseline values for
rivers of the United States (table 6).

,-Physical Measurements, Water—iuality Properties,
and Dissolved-Solids Concentration

I
|

The baseline pH ranges (table 8) in the middle Rio Grande were all within
the State stream standard range of 6.0 to 8.6 for the upper reach and 6.0 to
9.0 for the lower reach (New Mexico Water Quality Control Commission, 1988, p.
11-15). The range of pH measurements for canals and ponds in the BDANWR was
7.8 to 8.7. The pH for the warm-water supply well (site Bl12) was 7.22. The
State ground-water standard for pH ranges from 6.0 to 9.0 (table 5).

Baseline water temperatures in the middle Rio Grande (table 8) and within
the BDANWR did not exceed the State stream standards (New Mexico Water Quality
Control Commission, 1988, p. 11-15). The temperature of the warm-water well
(site B12) was 33 °C. The State stream standard of 32.2 °C for this segment
of the Rio Grande is not applicable to ground water.

The dissolved-oxygen baseline ranges in |the middle Rio Grande (table 8)
were greater than the State stream lower limit standard of 6.0 mg/L for the
upper reach (upstream from Angostura) and 4.0 mg/L for the lower reach
(downstream from Angostura) (New Mexico Water Quality Control Commission,
1988, p. 11-15). Dissolved-oxygen concentrations measured in canals and ponds
within the BDANWR were all greater than the 4.0-mg/L limit and were near or
were greater than saturation levels (table 12).

The baseline alkalinity values in the lower reach of the middle Rio
Grande (table 8) and within the BDANWR (table 13) were near or were greater
than the 75th percentile of 161.8 mg/L for United States rivers (table 6).
These larger alkalinity values impart a greater acid-neutralizing capacity to
water supplies. Alkaline waters are characteristic of calcareous soils such
as the soils of arid environments (Hem, 1985, p. 109).
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The baseline ranges of dissolved-solids concentrations in the middle Rio
Grande (table 8) were less than the New Mexico Water Quality Control
Commission (1988) limits of 500 mg/L in surface-water standards for the upper
reach and 1,500 mg/L for the lower reach except for the 95th-percentile value
of 2,790 mg/L for the Rio Puerco near Bernardo. The mean dissolved-solids
concentration in the Rio Grande increased from 210 mg/L at Otowi Bridge to
649 mg/L at the conveyance channel at San Marcial, as shown in figure 7. The
mean dissolved-solids concentration in the Rio Puerco was 1,547 mg/L.
Ephemeral streamflow from the Rio Puerco causes the increase in mean
dissolved~solids concentration at downstream Rio Grande stations (fig. 7).
Streamflow in the Rio Grande Floodway at San Acacia usually is not diverted
into the conveyance channel if the streamflow appears to be mixed with silt-
laden runoff from the Rio Puerco. This may be the reason for the smaller
range of dissolved-solids concentrations in water from the conveyance channel
at San Acacia compared with the floodway (table 8). The increase in mean
dissolved-solids concentration in the conveyance channel at San Marcial may be
caused by the larger dissolved-solids concentration in drainage water that is
discharged into the conveyance channel by way of the BDANWR Interior Drain
(fig. 2). The dissolved-solids concentrations in water from canal sites at
the BDANWR (table 13) were as much as three times those in water from
reconnaissance samples collected from the Rio Grande nearby (fig. 8). The
dissolved-solids concentrations in the ponds and marshes were nearly five
times larger than concentrations in the nearby Rio Grande. Well water from
the tile-field sump (site Bll) was similar in dissolved-solids concentration
to that in canal or ponded water. The dissolved-solids concentration of
2,650 mg/L in the warm-water well (site Bl2) was the largest concentration
sampled possibly because of geothermal influences to this ground-water supply
(Anderholm, 1987, p. 11).

Major Ions and Nutrients

Sodium concentrations in water samples collected from the BDANWR
increased with dissolved-solids concentrations, with proportionally larger
sodium concentrations in the samples from the Interior Drain (site B7), the
ponds (sites B8 and B10), and the wells (sites Bll and B12) (fig. 8). The
sodium adsorption ratio (SAR) (table 13) ranged from 1 in river water to 12 in
marsh water (site B10). The marsh water’s sodium adsorption ratio of 12 and
specific conductance of 2,450 uS/cm at 25 °C (microsiemens per centimeter at
25 degrees Celsius) classify the water as medium sodium hazard (SAR’‘s from 10
to 18) and very high salinity hazard (specific conductance greater than 2,250
uS/ecm at 25 °C) according to a U.S. Department of Agriculture classification
of irrigation water on soils (1954, p. 80). By this classification, the
sodium hazard and salinity hazard for the warm-water well (site B12) and the
spring pond (site Bl5) also were elevated. Water samples from all other sites
could be placed in low to medium sodium or salinity hazards to soils for
irrigation purposes. The samples indicate that these hazards to soils in
drainage water increase within the BDANWR. During this reconnaissance study,
the field study team observed that the BDANWR with assistance from the USBR is
taking measures to prevent salinity buildup in fields and ponds by dredging
the Interior Drain for greater drainage efficiency. The BDANWR plans to
minimize the use of irrigation-drainage water in the Refuge.
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Total hardness as calcium carbonate in all water samples collected from
the BDANWR ranged from 130 to 510 mg/L (table 13). Toxicities to aquatic
organisms of the trace elements cadmium, chromium, copper, lead, nickel, and
zinc are decreased if these elements are present in freshwater having total
hardness concentrations greater than 100 mg/L (U.S. Environmental Protection
Agency, 1986). The freshwater criteria for these elements listed in table 5
are based upon a total hardness concentration of 100 mg/L. Larger
concentrations of these trace elements may be tolerated by aquatic organisms
in contact with waters with larger hardness concentrations.

The calcium, bicarbonate, and carbonate ions in solution that contribute
to total hardness, however, were sufficiently small in most of the samples to
indicate that calcium carbonate would not precipitate from these waters.
Assuming similar chemical conditions at shallow depths, caliche or hardpan
layers would not form in shallow depths of the soils. If these layers formed,
the drainage of irrigated fields would be impeded. The calcium carbonate
saturation indices listed in the last column of table 13 were calculated with
the aid of the U.S. Geological Survey’s WATEQF computer program (Plummer and
others, 1984). These calculated indices were less than 1.0, or less than
saturation concentration for calcium carbonate, for all sites except Elmendorf
Drain (site B5) and the South Marsh (site B10).

The nitrite plus nitrate (NO, + NO; ) baseline concentrations in water
samples from the middle Rio Grande were 1.2 mg/L or less (table 8), and in
samples from the BDANWR were 1.0 mg/L or less (table 13). These
concentrations are smaller than the U.S. Environmental Protection Agency
(USEPA) drinking-water maximum contaminant limit of 10 mg/L for nitrate as
nitrogen (N) (table 5). Nitrate is usually the predominant ionic form in
dissolved oxygen-saturated water (Hem, 1985, p. 124-126). These small
concentrations indicate that part of the nitrogen compounds from animal
wastes, sewage, and fertilizers that may be introduced are being assimilated
by aquatic plants as indicated by algal growth in the canals, ponds, and
marshes.

Trace Elements

Results of the analyses for the dissolved trace elements listed in
table 1 for water samples collected from the BDANWR are shown in table 14.
The results indicate that almost all dissolved concentrations of these
elements are less than the New Mexico Water Quality Control Commission ground-
water standards, USEPA maximum contaminant limits (MCL) for safe drinking
water, USEPA health advisory levels, or USEPA freshwater chronic criteria for
trace elements for which standards, limits, goals, or risk levels were
established (table 5). Freshwater chronic criteria that were exceeded for
cadmium, lead and mercury and USEPA MCL that were exceeded for arsenic were
the exceptions.
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The dissolved concentration ranges
BDANWR or Rio Grande water samples, in m
picocuries per liter (pCi/L), are summarized

for selected trace elements in the

icrograms per liter (ug/L)
from table 14 as follows:

or

Trace element Range
ArseniC....eeceeescess eeeeessssl to 53 ug/L
BOron...eeeeeeeeieeereasessssd .80 to 890 ug/L
Cadmium........... ceesesssess.<l to 4 ug/L
Chromium....eeeeuieeeenceecnns .<1 to 8 ug/L
COPPeresevererensersnssnesssss<l to 11 ug/L
Lead..ceeeeeenieienennnns ee...<5 to 5 ug/L
Mercury.....eevee. ceteeee...<0.1 to 0.2 ug/L
Molybdenum....................<5 to 11 ug/L
SeleniumM...iveceveeveesenssesde<l to 1 ug/L
Vanadium.......c.c0.. ceeeeees.<1 to 39 ug/L
ZiNC.eeieeeoeerensonsseanssssa<3 to 27 ug/L
Uranium. . coeeeveeeeearsnsssed<0.4 to 3.2 ug/L

Radium-226......
for arsenic and zinc, the maximu
the 75th-percentile concentr
The arsenic concentration of 5
(site B12) is the only arsenic concentratio
safe drinking water. All arsenic concentrat|
or ponds were 16 ug/L or less. Two zinc C
Grande at San Acacia (site B2) and 22 pug/
Channel at San Marcial, were greater than t
for U.S. rivers (table 6). The latter sampl
program. These two and all other zinc co
the BDANWR, however, were much smaller than
Quality Control Commission ground-water st
drinking-water standard, and the 110-ug/L US
(table 5).

Except
less than
(table 6).

The largest boron concentration analy
collected from the warm-water well (site
standard for boron is 750 ug/L or less for g
(table 5).

The USEPA freshwater chronic criterion
was exceeded in water samples collected at
B6, B7, B13, Bl14, and pond sites B10 and B15
sites ranged from 1 to 4 ug/L. The cadmium
was exceeded at the 95th-percentile value,
baseline range, for water from three upstr
These 95th-percentile cadmium values ranged

.<0.1 to 0.4 pCi/L

m trace-element concentrations are
ations reported for U.S. rivers
3 ug/L from the warm-water well
n greater than the 50-ug/L MCL for
ions in water samples from canals
oncentrations, 27 ug/L for the Rio
L for the Rio Grande Conveyance
e 75th-percentile value of 21 ug/L
e was collected for another USGS
ncentrations in water samples from
the 10,000-ug/L New Mexico Water
andard, the 5,000-ug/L MCL primary
EPA freshwater chronic criteria

zed was 890 ug/L for the sample
B12). The NMWQCC ground-water
round water used for irrigation

of 1.1 ug/L for cadmium (table 5)
river site B2, canal sites Bl, BS5,

Cadmium concentrations at these
freshwater chronic criterion also
which is the upper limit of the
am Rio Grande stations (table 9).
from 2.0 to 15 ug/L. At one other

station the exceedance of the freshw

ter criterion for cadmium was

inconclusive because the criterion of 1.1 ug/L is less than an earlier

analytical reporting limit of less than 3
for water from the middle Rio Grande,
drinking-water standard of 10 ug/L, except £
Hg/L for water from the Rio Grande at Sa

44

however,

The cadmium baseline values
are all less than the safe
or the 95th-percentile value of 15
n Felipe (table 9). The larger

g/L.




cadmium concentrations in water at the upstream Rio Grande stations may not be
related to irrigation drainage because of relatively smaller volumes of
irrigation-return flows in the river at these upstream locations.

The usual reporting limit of 5 pug/L for dissolved lead in water is
greater than the USEPA freshwater chronic criterion of 3.2 ug/L (table 5).
Only one BDANWR reconnaissance water sample (table 14) from an inflowing canal
(site B4) contained detectable lead, which was at the usual reporting limit of
5 pug/L. The 95th-percentile value for dissolved lead at all middle Rio Grande
stations exceeded the freshwater chronic criterion except for the Rio Grande
Floodway at San Acacia (table 9). These 95th-percentile values for lead
ranged from 2.0 to 7.5 pg/L. Reporting limits for lead concentrations of less
than 5 pug/L were obtained because of less interferences with the analytical
method for these samples.

The reporting limit for dissolved mercury, 0.1 ug/L, also is greater than
the USEPA freshwater chronic criterion of 0.012 ug/L. Mercury concentrations
were at or near this reporting limit in reconnaissance water samples
(table 14) collected from the Rio Grande station downstream (site B3), the
conveyance channel (site Bl), and the warm-water well (site B12). The 95th-
percentile value for dissolved mercury in water from all middle Rio Grande
water-quality stations exceeded this freshwater criterion except for the Rio
Grande Conveyance Channel at San Acacia (table 9) for which samples contained
dissolved-mercury concentrations that were less than the reporting limit of
0.1 ug/L. The exceedance of freshwater chronic criteria for mercury is
inconclusive for most BDANWR sites because the mercury concentrations are less
than the reporting limit.

Dissolved-selenium concentrations in water samples from the Refuge
(table 14) were less than the reporting limit of 1.0 pg/L with the exception
of a reconnaissance water sample collected from the Rio Grande upstream
station at San Acacia (site B2), in which selenium was present at the
reporting limit of 1.0 ug/L. All Rio Grande baseline selenium values
(table 9) were less than the reporting limit of 1.0 ug/L except for the 95th-
percentile values of 1.0 ug/L for water from the Isleta station and 4.5 ug/L
for water from the conveyance channel at San Marcial (table 9). Persico and
Brookins (1988, p. 213) reported selenium concentrations in water samples from
the BDANWR that were less than their selenium analytical method’s reporting
limit of 1.5 ug/L.

The 5th- to 95th-percentile baseline ranges for dissolved trace-element
concentrations in water from the middle Rio Grande in table 9 are comparable
to the 25th- to 75th-percentile baseline ranges for the rivers of the United
States (table 6), except for larger arsenic baselines in water for each Rio
Grande station and potentially larger cadmium baselines, as discussed earlier
for water from the upstream Rio Grande stations (table 9). Occasionally
arsenic concentrations that are close to USEPA’'s MCL of 50 ug/L are reported
in WATSTORE's ground-water data for the Rio Grande basin in New Mexico. The
arsenic data are sparse, but these large concentrations of arsenic in ground
water usually are associated with volcanic zones near the western margin of
the Rio Grande basin.
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A greater proportion of trace elements may be transported in streamflow
as trace elements adsorbed to suspended sediment. Popp (1980) investigated
trace metals in water and suspended sediments in the middle Rio Grande and
concluded that large concentrations of cadmium, lead, mercury, and uranium are
transported by the suspended sediment. Total-extractable concentrations are
determined from a suspended-sediment and water mixture. The baseline ranges
of total-extractable trace-element concentrations (table 10) in water from the
middle Rio Grande generally are significantly larger than the corresponding
dissolved trace-element ranges (table| 9). The suspended-sediment
concentration baselines (table 10) indicate large increases in suspended-
sediment concentrations in the Rio Grande downstream from the Rio Puerco. A
shift from 60 percent to greater than 90 percent of the suspended sediment as
finer sized clay or silt particles also is indicated from the 50th-percentile
data for the Rio Grande downstream from fthe Rio Puerco (table 10). The
suspended-sediment concentration baseline for the Rio Puerco station near
Bernardo ranges from 16,100 to 148,500 mg/L, l[whereas at the Rio Grande station
at Isleta, which is located upstream from|the Rio Puerco, the suspended-
sediment concentration ranges from 41 to|2,530 mg/L (table 10). Baseline
total-extractable trace-element concentrgtions in water increased in a
downstream direction with increasing suspended-sediment concentrations but not
proportionally to the large increases in the'suspended-sediment concentrations
(table 10). |

|
Pesticides
I
I

Chlorophenoxy acid herbicides, triazine lherbicides, and organophosphorous
insecticides (table 1) were analyzed in water samples collected during or
after the application season for these compounds (table 15). According to
local pesticide-use reports (Bosque del Apache National Wildlife Refuge,
written commun., 1988), these types of chemical compounds were applied on
fields in the vicinity of the BDANWR. These types of compounds have received
approval by the USEPA for use because these compounds are relatively
nonpersistent in the environment (Smith and others, 1988, p. 36-42). The
specific chemical compounds targeted for analysis in water samples for these
three types of pesticides are listed in table 1.

In the water samples collected for this study, the concentrations of
almost all pesticide compounds were less than analytical reporting limits
(table 15). This is reflected in the reporting ratio, which is the ratio of
the number of values greater than the reporting limit to the number of values
less than the reporting limit (RL). The |pesticide results (table 15) are
summarized as follows:

Chlorophenoxy acid herbicides

2J
1 pg/L
4
4

Samples collected =
Sites sampled
Target compounds
Reporting limit (RL) =
Reporting ratio
Compound (greater than RL)
Site with compound greater
than RL = B2 |(fig. 5; table 2)

Won
NN OB -

6
-D at 0.01 ug/L

"
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Triazine herbicides

Samples collected = 17
Sites sampled = 14
Target compounds = 10

Reporting limit (RL) = 0.1 ug/L
Reporting ratio 0:170
Compounds (greater than RL) none

Organophosphorous insecticides

Samples collected = 18

Sites sampled = 14

Target compounds = 7

Reporting limit (RL) = 0.01 ug/L

Reporting ratio = 5:120

Compound (greater than RL) = diazinon at 0.01 ug/L

Sites with compounds = B2, B3, B5, Bl1l3, and Bl4
greater than RL (fig. 5; table 2)

Water-quality standards or criteria are listed in table 5 for 16 of the
22 pesticide compounds that were analyzed in these water samples. The most
stringent of the standards or criteria are the USEPA freshwater chronic
criteria, and these criteria are from one to three orders of magnitude smaller
than reporting limits for the compounds. The results of all of the pesticide
analyses were at or near the reporting limits; therefore, it is not known if
these criteria were exceeded. Freshwater chronic criteria are not listed for
2,4-D or diazinon.

Although baseline ranges for inorganic and sediment data in WATSTORE were
developed for the eight middle Rio Grande water-quality stations (fig. 1),
baseline ranges were not developed for pesticide data because the bulk of the
reported pesticide concentrations in water were less than reporting limits.
The data in WATSTORE include organochlorine insecticide compounds such as DDT.
The few pesticide concentrations reported in WATSTORE greater than reporting
limits were for 2,4-D, silvex, diazinon, and dieldrin, and these
concentrations usually were at or near the reporting limits. The
organochlorine insecticide analyses in water samples reported in table 15 were
collected for another USGS program, and the results are all less than
reporting limits.

Bottom Sediment

Bottom sediment collected for this reconnaissance study was analyzed for
45 geochemicals (table 16) and 17 organochlorine compounds (table 17),
including DDT. Although large concentrations of suspended sediment are
transported in the streamflow of the middle Rio Grande valley, bottom sediment
rather than suspended sediment was analyzed for chemical constituents. The
bottom sediment was regarded as an adequate indicator of potentially
undesirable chemicals for this reconnaissance investigation because bottom
sediment may be the source material for these chemicals, the sediment may
adsorb chemicals from streamflow, or the bottom sediment may be a recent
deposit of the suspended sediment that transported the adsorbed

47



chemicals from another part of the middle Ri
chemicals on bottom sediment may be consj
sequences of adsorption,
over a long period of time.

suspension, movement

L0 Grande valley. The adsorbed
idered the integrated result of

, and re-deposition by streamflow

Geochemicals

|

Geochemical analyses were performe
collected from two river sites, five canal s
and one field site during February and Mar
by site number in table 16. Major element a
dry-weight, and minor element analyses ar
dry-weight. Results may be summarized as
geochemical baselines listed in table 7 for
(R.C. Severson, U.S. Geological Survey,
Shacklette and Boerngen, 1984):

1. The concentration ranges for the
magnesium, sodium, potassium, ph
iron, strontium, and titanium were
baseline range for soils in the Wes

Manganese was the only major elemen
that extended above the soil geoche

The concentration ranges for the
beryllium, cerium, chromium, cobalt
lithium, mercury, molybdenum, ne
selenium, vanadium, ytterbium, yttr
soil geochemical baseline.

|

thorium, and uranium were within th
or extended below each element’s ba

Lead was the only minor element ha
that extended above the soil baselin

The concentration baselines for s
States (table 7) were not establi
listed in table 16 (bismuth, cadmiun
silver, tantalum, tin, and rad
analytical methods used, the reporti
except for radium-226 were larger t
(Hem, 1985, p. 5-6). The crustal ab
226 were not determined.

A concentration baseline for carbon

ium,

The concentration ranges for the minor elements boron,

on 13 bottom-sediment samples
tes, three pond or marsh sites,
h 1988. The results are arranged
alyses are reported in percent of
reported in parts per million of
follows when compared with the
0ils in the Western United States
ritten commun., 1987, based on

major elements calcium,
sphorus, aluminum, barium,
ithin the soil geochemical
ern United States.

with a concentration range
ical baseline’s upper limit.

minor elements arsenic,
copper, gallium, lanthanum,
dynium, nickel, niobium,
and zinc were within the

scandium,
soil geochemical baselines
eline lower limit.

ving a concentration range

e’s upper limit.

0ils of the Western United

shed for nine minor elements
, europium, gold, holmium,
ium-226). Because of the
ng limits for these elements
han crustal abundance levels
undance levels for radium-

in soil is not reported in

table 7 but total carbon concentrations were less than or were

near the crustal abundance levels for sandstone

and shale (1.53 percent) (Hem, 19

(1.38 percent)

85, p. 5-6). Organic carbon

content in the fine fraction usually was larger than the organic

carbon content in the coarse sample.
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analyzed because organic compounds such as pesticide residues
may be selectively concentrated in the organic carbon fraction
of sediments (Smith and others, 1988, p. 3-15).

The analytical results for the duplicate bottom-sediment samples
collected from the riverbed of the Rio Grande Floodway at San Acacia (site B2)
are in close agreement, which indicates good laboratory precision for these
data. Although large samples were collected, the amounts of fine material
sieved from the duplicate bottom-sediment samples were not sufficient to
perform laboratory analyses on the fine-sized fractions for these duplicate
samples. This indicated that the riverbed was composed almost entirely of
sand-sized particles and that fine sediment was not being deposited on the
riverbed at this site.

The surface area of fine-sized sediment for chemical adsorption is
greater than an equal weight of coarse-sized sediments, and, as expected, most
geochemical element concentrations were larger in the fine fraction. The
differences, however, usually were small, and elemental concentrations
occasionally were identical for both fractions or were larger in the coarse
fraction. A more detailed examination of this large data set (table 16) may
produce other findings.

Radium-226, a radioactive-decay product of the uranium isotope U-238, was
an additional element that was analyzed in the bottom sedimenc for this
reconnaissance study. Radium is strongly adsorbed to sediment and may be
transported on suspended sediment in runoff entering the middle Rio Grande
from uranium mining areas by way of the Rio San Jose and the Rio Puerco
(fig. 1). A soil geochemical baseline (table 7) for radium-226 was not
established; therefore, it is not known if these radium-226 concentrations
were elevated in the bottom-sediment samples relative to these soils in the
Western United States. The laboratory reports for radium-226 concentrations
provided theoretical equilibrium uranium concentrations that were as much as
three times larger than the laboratory uranium concentrations reported for
these samples in table 16. This indicates that radium-226 in bottom sediment
may be elevated in relation to the uranium in bottom sediment. This relation
is reversed in water samples from the middle Rio Grande (table 9) and the
BDANWR (table 14) because of larger uranium solubility in water compared to
radium-226 solubility in water.

Baseline ranges of trace-element concentrations in the bottom sediment of
the middle Rio Grande at USGS water-quality stations (fig. 1) are presented in
table 11. These baseline ranges were retrieved from USGS WATSTORE data files.
The data indicate that most trace-element concentrations in bottom sediment
are approximately equal to or are smaller than corresponding baseline trace-
element concentrations for soils in the Western United States (table 7). The
exceptions are the 95th-percentile concentration of 3.5 ug/g for cadmium and
the 95th-percentile concentration of 0.47 ug/g for mercury, both of which are
for the San Felipe station (table 9). Dissolved-cadmium concentrations at the
San Felipe station (table 9) also were greater than the observed range for
United States rivers (table 6). These elevated cadmium concentrations in
water and bottom sediment at the San Felipe station may not be the result of
irrigation drainage because this station is located in the upper reach of the
middle Rio Grande where proportionally less irrigation drainage is returned to
the river.
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Pesticides and Polychlorinated | Biphenyls (PCB’s)

Pesticide compounds selected for analyses in bottom sediment for this
study were the organochlorine insecticide$s because these organochlorine
insecticides are strongly sorbed toiorganic matter in sediment.
Organochlorine compounds are characterized as!hydrophobic compounds because of
small solubilities in water. These types of compounds are environmentally

persistent and may be found in association w
others, 1988, p. 25-35). Other types of pest
water for this study (table 1), are less pers
to sediment. These other pesticides qui
biochemically degrade into compounds that a
these reasons, the analysis of pesticides

organochlorine insecticides.

The 17 organochlorine compounds analyzed
table 1 and the schedule for collecting thes
The compounds include DDT, chlordane,
persistent compounds.
they are metabolized compounds of DDT.
produced in the manufacturing process,
(Smith and others, 1988, p. 26). This 1is
laboratory analyses. Other organochlorine co
the bottom sediment were polychlorinated biph

toxaphene,
The compounds DDD and DDE also are on the list because
Several chemical isomers of DDT are
the predominant form being p,p’'-DDT

th stream sediment (Smith and
cides, such as those analyzed in
stent and are not readily sorbed
kly hydrolyze, metabolize, or
e difficult to identify. For
n bottom sediment was limited to

in bottom sediment are listed in
samples is shown in table 3.
and other environmentally

'the isomer usually reported in
pounds targeted for analyses in
nyls (PCB’s) and polychlorinated

naphthalenes (PCN's), both of which are widely used industrial compounds.

Results of organochlorine compounds analyzed in bottom sediment that was

collected during November 1987 and February
(table 17):

Samples collected = 12

Sites sampled = 12

Compounds targeted = 17

Reporting limits (RL) = 1.0 ug/kg
PCB’s, PC
10 ug/kg
0.1 ug/kg

Reporting ratio = 21:183 (v
than RL:

Compounds detected = 6 (aldrin
DDE, DDT,

The six compounds with concentrations gre
concentration ranges above reporting limits,
for which the compounds were reported are su

1988 are summarized as follows

for chlordane,

‘s, and perthane;
or toxaphene; and
for all others

lues at or greater

alues less than RL)
chlordane, DDD,
and PCB's)

ter than reporting limits, the
nd the sites (fig. 5, table 2)
arized as follows:
/kg for sites B4, BS5,
ng for sites BS5, BS8,

/kg for sites B4, BS,

and B1l0O

Aldrin = 0.1 ug/kg for site| B9
Chlordane = from 1.0 to 3.0 ug

B10, and B12
DDD = from 0.1 to 1.7 ug

B10, and B1l2F
DDE = from 0.1 to 1.3 ug

B8, B9, B10O, B1l1lF, and B1l2F
DDT = 0.1 ug/kg for sites B6 and B7
PCB’'s = 2 ug/kg for sites B4, BS5,
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Organochlorine compounds greater than reporting limits were found in
bottom-sediment samples collected from canal, pond, or marsh sites. Bottom-
sediment samples collected from the Rio Grande did not contain detectable
levels of organochlorine compounds. Samples for pesticide analysis in bottom
sediment at the USGS water—-quality stations in the middle Rio Grande were not
collected; consequently, baseline ranges could not be developed for these
compounds.

Water—quality standards or criteria for pesticide residues in bottom
sediment were not found; however, if they exist, they probably would apply to
very specific conditions. The sorption and release of pesticides from
sediment are being studied, and understanding these processes is progressing
(Smith and others, 1988). Aquatic organisms bioaccumulate very small
concentrations directly from water; however, these concentrations in water may
be less than current laboratory reporting limits for water although these
concentrations are theoretically in chemical equilibrium with concentrations
of the pesticides in the bottom sediment. Theoretical aqueous concentrations
of organochlorine compounds in equilibrium with the organochlorine compounds
sorbed on sediment can be derived mathematically by using empirical relations
of the organochlorine compounds with water, sediment, organic carbon content
in sediment, and octanol as a reference organic solvent (Smith and others,
1988, p. 2-11). Equilibrium aqueous organochlorine concentrations, in
micrograms per liter, C_, can be derived from the organochlorine
concentrations in bottom sediment in micrograms per gram, C , after adjusting
for the organic carbon fraction in the sediment, foc, from tﬁe equation:

C
c_ = s x 1,000 (1)
(Koc) (foc)
in which K is the distribution coefficient for organic carbon. The
organochlorine compound is assumed to be sorbed to the organic carbon fraction
of the sediment. The distribution coefficient, K o’ is a function of the
distribution coefficient of organic compounds between octanol and water, K_,
which can be obtained experimentally in the laboratory (Smith and others,

1988, p. 7).

For selected bottom-sediment samples collected for this reconnaissance
study that contained concentrations greater than reporting limits of
organochlorine compounds (table 17) and for which organic carboun was analyzed
(table 16), the following equilibrium organochlorine concentrations in water,
C , were derived using the above equation and the distribution coefficient
data in the report by Smith and others (1988, p. 7, 29):

Site Date Compound c f K c

s oc oc e
B6 (canal) 11-19-87 DDT 0.1 pg/g 0.0012 1,260,000 0.066 ug/L
B10 (marsh) 02~17-88 Chlordane 1.0 ug/g 0.0067 178,000 0.840 ug/L
B10 (marsh) 02-17-88 PCB’s 2 ug/g 0.0067 316,000 0.94 ug/L
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The theoretical equilibrium organochlozx
suggest that the freshwater chronic criterion
was exceeded at the BDANWR Interior Drain (
chronic criterion of 0.0043 ug/L for chlordan
(site B10). The theoretical concentration f
freshwater chronic criterion of 0.014 ug/L.
would apply only to water in contact with the
length of time to arrive at chemical equilibr
is difficult to attain in dynamic hydrolog
Grande and the canals and marshes within the
organochlorine concentrations in water a
theoretical equilibrium concentrations.

Biota

Because of the potential to cause ha
community, the chemical elements listed in t
in biological materials for the USFWS 1986 En
study and this irrigation-drainage reconnais
analyses are compared with those of studies c
Wildlife Refuge in Montana and the Vol
California because these studies examined
wildlife mortalities or deformities have
these wildlife habitats.

Trace Element

The trace-element results for all of th
during 1986 are shown in tables 18 through 20
samples are shown in table 21. The results ar
and a dry-weight basis. 1In both studies
materials either were not detected or wer
Summary statistics for the elements discusse
presented in tables 22 and 23. Arsenic,
selenium will be discussed in relation to ir
BDANWR. These trace elements were selected b
the most significant, although not large, co
Although lead concentrations in water data ex
study may potentially exceed freshwater chro
in biota were less than the reporting limit o
(1985, p. 4) stated that lead concentrations
waterfowl liver should be viewed as evidence

Arsenic
At BDANWR, arsenic concentrations in all

from 0.032 to 0.302 ug/g wet-weight. Arseni
bird species ranged from 0.022 to 0.098 ug/g

rine concentrations in water,

T

Cc_,
of 0.001 pug/L for DDT (table 5)
ite B6), and that the freshwater
was exceeded at the South marsh
r PCB’s at site Bl0 exceeded the
hese theoretical concentrations
bottom sediment for a sufficient
um. This equilibrium condition
c systems such as the middle Rio
DANWR. For this reason actual
e probably much less than the

mful effects to the biologic
ble 1 were selected for analyses
ironmental Contaminant Program
ance study. Results of chemical
nducted at the Bowdoin National
a Wildlife Management area in
similar species. No unusual
een observed in nesting birds at

biological samples collected
the analytical results for 1988
presented for both a wet-weight
ost trace elements in biological
at normal background levels.
in the following paragraphs are
admium, copper, mercury, and
igation-drainage concerns at the
cause they are the elements with
centrations found in this study.
mined for this reconnaissance
ic criteria, lead concentrations
0.2 ug/g wet-weight. Friend
reater than 8 ug/g wet-weight in
f contamination.

bird livers and kidneys ranged
concentrations in eggs from all
et-weight.

Lambing and others (1988, p. 70) reportéd arsenic concentrations in coot
livers from less than 0.04 to 0.09 ug/g wet-weight at Bowdoin National

Wildlife Refuge versus a concentration range d
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at the BDANWR. Eisler (1988, p. 75) reported that arsenic residues in bird
liver and kidney tissue in excess of 2 to 10 ug/g wet-weight are considered
elevated whereas normal residue levels were less than 0.4 ug/g wet-weight.
Concentrations of arsenic in coot eggs ranged from 0.052 to 0.098 ug/g wet-
weight at BDANWR (table 21). Analysis of avocet and eared grebe eggs reported
by Peterson and others (1988, p. 56) from an area considered a control site
for the Kendrick Reclamation Project showed arsenic residues less than the
detection limit of 0.079 ug/g wet-weight. Reproductive impairment in birds
was not observed at Kendrick or Bowdoin National Wildlife Refuge where arsenic
residue levels in bird eggs (0.09-0.28 ug/g wet-weight) were similar to those
reported at BDANWR. For the National Contaminant Biomonitoring Program
(NCBP), White and others (1977, p. 38) reported arsenic concentrations ranging
from less than 0.05 to 1.4 ug/g wet-weight in starlings with an arithmetic
mean of 0.156 ug/g wet-weight. White and others (1986, p. 382) reported that
kidneys of coots, from a reference site that was considered uncontaminated,
had arsenic residues ranging from undetectable to 0.6 ug/g wet-weight.

Arsenic concentrations in fish at BDANWR ranged from 0.078 to 0.598 ug/g
wet-weight. Schroeder and others (1988, p. 41) reported that arsenic residues
in various species of fish ranged from less than 0.2 to 0.27 ug/g dry-weight
at Kern and Pixley National Wildlife Refuges (0.332-2.35 ug/g dry-weight at
BDANWR) and that there was little threat to wildlife observed as a result of
these concentrations. Data from fish analyses for the NCBP (Lowe and others,
1985, p. 369) indicate that the normal concentration of arsenic in fish tissue
would range from 0.05 to 1.69 ug/g wet-weight.

Arsenic concentrations in aquatic invertebrates at BDANWR ranged from
0.24 to 0.725 ug/g wet-weight and in aquatic plants ranged from 0.086 to 0.765
Hg/g wet-weight. Arsenic concentrations in invertebrates at Bowdoin ranged
from less than 0.05 to 0.09 ug/g wet-weight, and in vascular plants ranged
from 0.17 to 0.70 ug/g wet-weight (Lambing and others, 1988, p. 70). These
ranges are similar to arsenic-concentration ranges at BDANWR for similar
biological specimens. Another study (Lewis and others, 1978, p. 119)
indicates that the normal concentration of arsenic in plants would be from 0.1
to 1.0 ug/g dry-weight. Arsenic concentrations in birds, fish, aquatic
invertebrates, and plants at BDANWR were similar to minimum concentrations
reported in other studies.

Cadmium

For this reconnaissance study, cadmium concentrations in liver and kidney
from all bird species ranged from less than 0.1 to 0.84 ug/g wet-weight (less
than 0.36 to 3.49 ug/g dry-weight) (table 21). White and Cromartie (1985,
p. 298) reported that cadmium concentrations in livers of shorebirds and
waterfowl from a reference site ranged from 0.1 to 1.6 ug/g wet-weight.
Ohlendorf and others (1986, p. 56) reported a cadmium-concentration range of
0.34 to 1.0 ug/g dry-weight in waterbird livers from the Volta Wildlife
Management area in California. Eisler (1985, p. 34) indicated that cadmium
concentrations in vertebrate kidney or liver that exceed 10 ug/g wet-weight
should be viewed as evidence of probable cadmium contamination. Cadmium was
not detected in samples of bird eggs, fish, aquatic invertebrates, or aquatic
plants collected for this study.
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Copper

Concentrations of copper in bird live

BDANWR (table 21) but copper concentration
livers examined for other studies. Conc
ranged from 3.98 to 60.0 ug/g wet-weight wit
and immature birds. 1In coots,
from 5.48 to 18.1 ug/g wet-weight and in b
5.3 ug/g wet-weight, again with little diff
birds. Lambing and others (1988, p. 70) re
coot livers that ranged from 9.5 to 30 u
effects of a powerplant (White and others
concentrations in coot tissue from a refe
12 ug/g wet-weight and indicated that coppe
than 9.4 ug/g wet-weight in bird tissue did

Copper concentrations in all bird eggs
1.52 ug/g wet-weight.
and others (1988, p. 71), which was 0.18
tissue. Copper concentrations in great b
2.71 ug/g wet-weight in another study (Blus

Concentrations of copper also were simi

BDANWR; however, carp contained the largest
concentrations in carp ranged from 0.56

concentrations in all other species were wit
(1985, p. 369) in NCBP studies reported co
1978-79 that ranged from 0.29 to 38.75 ug/g

ranged from 0.25 to 24.1 ug/g wet-weight.

copper con

This range is simila

s varied among species sampled at
were similar to those in bird
ntrations of copper in mallards
little difference between adults
entrations in liver tissue varied
ack-necked stilts from 2.54 to
rence between adults and immature
orted copper concentrations in
/g wet-weight. A study of the
1986, p. 381l) reported copper
ence site that ranged from 2.6 to
concentrations that were less
ot produce harmful effects.

rom BDANWR ranged from 0.52 to
to the range reported by Lambing
o 1.1 ug/g wet-weight for coot
ue heron eggs ranged from 0.29 to
1985, p. 112).

i
and others,

lar among fish species sampled at
copper concentrations. Copper
o 5.36 ug/g wet-weight and copper
in this range. Lowe and others
per concentrations in fish during
et-weight and during 1980-81 that
The 85th percentiles were 1.14 and

0.90 ug/g wet-weight for these 1978-79 and 1980-81 studies, respectively, with
corresponding geometric means of 0.46 and 0.47 ug/g wet-weight in all fish.
Copper concentrations in several species of fish at BDANWR exceeded these

85th-percentile baseline values. Schroeder
concentrations of copper ranging from 3.0 to
water-supply canals flowing into Kern and P
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Mercury

For this study, mercury concentrations in livers and kidneys of immature
and adult mallards ranged from 0.061 to 0.31 ug/g wet-weight. Also, mercury
concentrations in all mature and immature coot livers ranged from 0.108 to
0.234 ug/g wet-weight and in all black-necked stilts ranged from 0.055 to 0.44
Hg/g wet-weight. In the comparison of mercury residues in mallards, there
appeared to be no differences between immature or adult birds. The chemical
form of mercury in these analyses was not identified, but most mercury in
animal tissue has been determined to exist as methylmercury (Nelson and
others, 1971, p. 31), which is the form of mercury most easily retained in
animal tissue.

Eisler (1987, p. 17) reported that methylmercury levels in biota usually
are less than 1.0 ug/g wet-weight as mercury in locations that are not
affected by anthropogenic introductions of mercury. White and Cromartie
(1985, p. 299) reported that mercury concentrations in teal livers from a
reference site for a dredge-disposal impoundment ranged from undetectable to
0.03 ug/g wet-weight, and in black-necked stilts ranged from 0.1 to 0.2 ug/g
wet-weight. Eisler (1987, p. 31) reported that background levels of mercury
in wood duck livers ranged from 0.1 to 1.1 ug/g wet-weight. Data from an
uncontaminated site in Texas (White and others, 1986, p. 381) indicate that
mercury residues in adult coot livers were less than those reported at BDANWR.
The concentration ranged from undetectable to 0.09 ug/g wet-weight in the
Texas study compared with a range of 0.125 to 0.216 ug/g wet-weight for coot
livers in the BDANWR.

The mercury concentrations in bird eggs from the BDANWR (table 22) ranged
from 0.034 to 0.096 ug/g wet-weight for mallards, from 0.04 to 0.363 ug/g wet-
weight for coots, and from 0.084 to 0.32 ug/g wet-weight for black-necked
stilts (table 22). Haseltine and others (1981, p. 94) reported mercury
concentrations in mallard eggs that ranged from 0.05 to 0.17 ug/g wet-weight.
Lambing and others (1988, p. 71) reported ranges of mercury in coot eggs from
0.09 to 0.28 ug/g wet-weight and in avocet eggs from 0.07 to 0.41 ug/g wet-
weight. Mercury concentrations in bird eggs from these studies are comparable
to those determined for this study at the BDANWR.

Concentrations of mercury in fish collected from the BDANWR for this
study ranged from less than 0.025 to 0.088 ug/g wet-weight. The largest
concentration of mercury, detected in a composite carp sample, is less than
the geometric mean of 0.11 ug/g wet-weight or the 85th percentile of 0.18 ug/g
wet-weight from the NCBP baseline (Lowe and others, 1985, p. 369). Nationwide
concentrations of mercury in fish collected during 1978-79 ranged from 0.01 to
1.10 ug/g wet-weight and during 1980-81 ranged from 0.01 to 0.77 ug/g wet-
weight (Lowe and others, 1985, p. 369). Geometric mean mercury concentrations
in fish from eight sites reported for the San Joaquin River and tributaries in
California (Saiki and May, 1988, p. 209) ranged from 0.055 to 0.153 ug/g wet-
weight for bluegills and from 0.063 to 0.227 ug/g wet-weight for carp.
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concentrations nationwide for all fish analyzed in the 1978-79 NCBP study
ranging from 0.09 to 3.65 pug/g wet-weight and in the 1980-81 NCBP study
ranging from 0.09 to 2.47 pg/g wet-weight. The 85th-percentile baseline for
selenium in fish from the 1980-81 study was 0.71 ug/g wet-weight, which is
greater than the largest geometric mean concentration of 0.22 ug/g wet-weight
for fish samples collected from the BDANWR. Selenium residues in fish at the
BDANWR were less than the reported geometric means of 0.46 ug/g and 0.47 ug/g
wet-weight for the 1978-79 and the 1980-81 NCBP studies. Lemly and Smith
(1987, p. 9) indicated that whole-body residues of selenium that are greater
than 12 pg/g dry-weight in fish could result in reproductive failure. The
maximum selenium residue reported for the fish in BDANWR was 1.7 ug/g dry-
weight. Therefore, selenium is not likely to represent a reproductive hazard
to fish in the Refuge.

Similar small concentrations of selenium were analyzed in samples of
aguatic invertebrates and aquatic plants collected for this study (table 21).
The maximum value in crayfish was 0.2 ug/g wet-weight. Selenium
concentrations were less than reporting limits in aquatic plants. The 1986
USFWS study at the BDANWR reported 0.1 pug/g dry-weight of selenium in the
plant species analyzed (table 20). Saiki and Lowe (1987, p. 661) compared
selenium residues in organisms from an area (Kesterson Reservoir) contaminated
with selenium with a reference area (Volta Wildlife Management area).
Selenium in aquatic insects collected during August from a Volta pond ranged
from 1.3 to 1.7 pg/g dry-weight. Selenium in samples of invertebrates
collected from Kesterson ranged from 150 to 290 ug/g dry-weight. Selenium
concentrations in rooted plants ranged from 90 to 300 ug/g dry-weight at
Kesterson, and selenium concentrations ranged from less than reporting limits
to 0.79 ug/g dry-weight at Volta. For the BDANWR the maximum concentration
found was 0.78 ug/g dry-weight in crayfish.

Organochlorine Compounds

In the 1986 study at the BDANWR, concentrations of p,p’-DDE, a breakdown
product of p,p’'-DDT, were detected in all four samples of coot livers and
kidneys and one of four samples of whole carp (table 24). Concentrations of
p,p‘-DDE that were detected in coot tissue ranged from 0.01 to 0.12 pg/g dry-
weight, and in the sample of carp was 0.01 pug/g dry-weight.

Oxychlordane; p,p’'-DDE; p,p’'-DDD; p,p’'-DDT; and three isomers of
polychlorinated biphenyls (PCB‘s) (CL-5, CL-7, and CL-8) were detected at
concentrations greater than 0.07 ug/g wet-weight in 1988 biological samples
for this reconnaissance study (table 26). The samples were either composite
or single samples. Bunck and others (1987, p. 73) noted a relative decline
nationwide in DDE concentrations in starling samples although the southwestern
United States continued to have the largest DDE concentrations in starlings.
The DDE concentrations of 2.49 ug/g wet-weight in adult black-necked stilts
and 2.29 ug/g wet-weight in black-necked stilt eggs (table 26) at BDANWR are
comparable to DDE values observed in the past. Blus (1982, p. 15) reported
that DDE concentration in brown pelican eggs in excess of 3 ug/g wet-weight is
a critical concentration and could cause reproductive failure. 1In a study of
eggshell thinning due to DDE, Longcore and Stendell (1977, p. 302) noted that
many migratory species may nest in areas that are relatively uncontaminated
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with DDE residues but accumulate DDE residues from other areas along migratory
routes. Because the residues of DDE inlother samples, particularly in
mallards, coots, and fish, are small at 'BDANWR, it is probable that black-
necked stilts are picking up DDE residues from other locations in their
migratory route outside of the United States where the use of DDT may
continue. Differences in food also may contribute to concentrations of DDE in
black-necked stilts. The other compounds that were detected, oxychlordane and
the PCB isomers, are at levels similar to those detected in starling samples
collected for the NCBP (Bunck and others, 1987).

Organochlorine compounds were not dete
the 1986 study (table 25). Organochlor
composite horned pondweed sample for the
presented because organochlorine compounds
pondweed sample.

ted in plant samples collected for
ne compounds were analyzed in one
1988 study. These data are not
ere not detected in this composite

SUMMARY

Water, bottom sediment, and biota ass
were examined for chemical constituents th
that may cause harmful effects to the healt

ciated with irrigation drainage
t may be present at concentrations
of humans, wildlife, and fish or

to other beneficial uses for the water.
the river, canals, ponds, marshes, and well
bottom sediment were selected to represent
season and to represent the winter period w
birds are present on the Refuge. Biol
represent resident species. Analyses were
inorganic and organic constituents th
Department of the Interior reconnaissan
drainage.
bottom sediment, and biota from the middle

ampling sites were established for
. Sampling times for water and
ifferent periods of the irrigation
en large populations of migratory
gical samples were collected to
performed for uniform suites of
t were established for the U.S.
e investigations of irrigation

The following is a summary of the results of the analyses of water,

io Grande and Bosqgue del Apache

National Wildlife Refuge:

Physical measurements and water-guality properties in water:
Water temperatures, dissolved-okxygen concentrations, pH, and
dissolved-solids concentrations did not exceed the New Mexico
State stream standards for protection of designated uses for the
middle Rio Grande, which include wildlife and fish usage.
Alkalinity measurements were large in comparison to baseline
values for rivers of the United States at all sites, indicating
larger pH values and greater acid-neutralizing capacity.

er: Average dissolved-solids
rande increased from 210 mg/L

Major dissolved constituents in wa
concentrations in the middle Rio
upstream near Velarde to 649 mg/L downstream in the conveyance
channel at San Marcial. The larger dissolved-solids
concentration in the conveyance channel was caused in part by
the larger dissolved-solids concentration in irrigation-drainage
water returned from the Refuge’s Interior Drain and in runoff
from the Rio Puerco, a tributary with large dissolved-solids and
suspended-sediment concentrations/ that occasionally receives
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runoff from uranium mining areas. Dissolved-solids
concentrations in water samples from the Refuge were as much as
five times larger than those from the Rio Grande nearby.
Potential salinity and sodium hazards to irrigated soils
generally were small in water samples from the Rio Grande and
Refuge canals. Total-hardness concentrations in all middle Rio
Grande water were larger than 100 mg/L, which reduces potential
toxicities of certain trace elements to aquatic organisms.
Nitrate concentrations were 1.2 mg/L or less, indicating that
nitrogen input from fertilizers or animal wastes is not
significant or that some nitrogen is being assimilated by
aquatic plants.

Trace elements dissolved in water: Almost all concentrations of
potentially toxic trace elements, including selenium, were less
than the U.S. Environmental Protection Agency’s maximum
contaminant limit for safe drinking water. The only safe
drinking-water-standard exceedance was an arsenic concentration
of 53 ug/L in a representative sample from a warm-water supply
well. Arsenic and zinc concentrations were elevated relative to
baselines of mean concentrations for United States rivers. The
U.S. Environmental Protection Agency’s freshwater chronic
criteria for cadmium, lead, and mercury may have been exceeded
in BDANWR irrigation-drainage water and at U.S. Geological
Survey water-quality stations on the Rio Grande; however, this
is inconclusive because the freshwater chronic criteria limits
for these trace elements are equal to or smaller than the
laboratory reporting limits. Trace-element toxicities may be
reduced by the hardness of water in the middle Rio Grande.
Although the dissolved trace-element concentrations may be
small, large suspended-sediment concentrations in the middle Rio
Grande and its tributaries may be transporting a larger
proportion of these trace elements adsorbed to sediments to
downstream locations such as the Bosque del Apache National
Wildlife Refuge.

Pesticides in water: Chlorophenoxy acid herbicides, triazine
herbicides, and organophosphorous insecticides were analyzed in
unfiltered water samples. The laboratory results for analyses
of 47 samples for 23 targeted compounds indicated that almost
all concentrations of these compounds were less than laboratory
reporting limits. The compounds detected were the herbicide
2,4-D at 0.01 ug/L in two river samples and the insecticide
diazinon at 0.01 and 0.02 pg/L in two river samples and three
canal samples.

Geochemicals in bottom sediment: Bottom-sediment samples were
collected from 11 sites to represent river, canal, marsh, or
irrigated field conditions. Coarse and fine fractions of these
bottom~sediment samples were analyzed for 45 geochemical
elements. The results indicated that most geochemical elements
were within the concentration baselines for soils in the Western
United States; however, cadmium, lead, manganese, and radium-226
concentrations may have been elevated.
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Pesticides in bottom sediment: Of 17 organochlorine compounds
targeted in the laboratory analyses of 12 bottom-sediment
samples collected from canals, ponds, marshes, and fields, only
21 of 204 measurements (7 for DDE, |4 for DDD, 2 for DDT, 4 for
chlordane, 1 for aldrin, and 3 for PCB’s) were found at or near
reporting limits. Although water-quality standards or criteria
do not exist for pesticides in sediment, stringent freshwater
chronic criteria, which are less than laboratory reporting
limits for water, have been established to protect agquatic life.
Theoretical concentrations of DDT, chlordane, and PCB’'s in water
that are in chemical equilibrium with concentrations of these
compounds detected in bottom sediment were calculated from
empirical relations. These theoretical concentrations would
exceed stringent freshwater chronic criteria under equilibrium
conditions, but these equilibrium conditions are difficult to
attain in the dynamic flow systems of the middle Rio Grande and
Bosque del Apache National Wildlife Refuge. Actual
concentrations may be much less than the theoretical
concentrations. ‘

Trace elements in biota: At Bosque del Apache National Wildlife
Refuge, most trace-element concentrations in biological samples
were either smaller than reporting limits or were in normal
background level concentrations. |Arsenic was found in all
biological samples; however, none of the concentrations were
considered to be elevated.

|
i

Residues of copper were comparable to those in samples from
other refuges; however, one sample of mallard liver and kidney
combined contained a copper residue of 60 ug/g wet-weight
compared to 12 to 30 ug/g wet-weight in samples from other
studies. Copper residues in fish generally were greater than
the NCBP baseline of 1.14 ug/g wet-weight in 1978-79 and 0.90
4g/g wet-weight in 1980-81.

Mercury residues in bird tissue from the BDANWR were less than
1.0 pug/g wet-weight, which is the level considered to be
indicative of mercury contamination. | Concentrations of mercury
in fish, aquatic invertebrates, and plants were smaller than
concentrations reported in biota from other studies.

Concentrations of selenium at BDANWR were significantly less
than levels reported at locations where reproductive impairment
to birds has occurred. In samples of mallard kidneys and
livers, a maximum selenium concentration of 9.1 ug/g dry-weight
(2.4 pg/g wet-weight) was found, which contrasts to selenium
concentrations in excess of 94.4 ug/g dry-weight at contaminated
sites. Bird eggs collected at the BDANWR also contained
relatively small concentrations of se#enium-—2.5 Hg/g dry-weight
(0.8 pg/g wet-weight)--which contrasts to a range of 37 to 64
1g/g dry-weight at contaminated sites. Residues of selenium in
whole fish were less than the USFWS’s NCBP geometric mean value
of 0.47 ug/g wet-weight for fish. Sglenium concentrations in
samples of aquatic invertebrates and|plants either were smaller
than reporting limits or were near th; reporting limits.
|
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Organochlorine compounds in biota: The organochlorine compound
p,p'-DDE was found in four coot samples and one carp sample
collected for the 1986 study. The largest concentration was
0.04 ug/g wet-weight in a coot sample. Organochlorine compounds
were found in 7 of 14 composite or single samples collected
during 1988. Concentrations of oxychlordane; p,p’DDE; p,p’DDD;
p,p’'DDT; and three isomers of PCB’'s were larger than the
reporting limits. The compound p,p’DDE, a breakdown product of
p,p’'DDT, was found in 6 of the 14 samples analyzed. The maximum
concentration reported was 2.49 ug/g wet-weight for an adult
black-necked stilt sample. The largest concentration of DDE
detected in black-necked stilt eggs was 2.29 ug/g wet-weight.
Black-necked stilts may be accumulating DDE residues from other
locations along their migratory routes where the use of DDT
continues outside of the United States. DDE concentrations of 3
Hg/g wet-weight or larger in eggs may cause reproductive
defects.
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Table 12.--Summary of physical measurements, water—quality proper
the Bosque del Apache National Wildlife Refuge recon

ties, and suspended-sediment data collected for

naissance study, water year 1988

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mm, mi{llimeters; --, no data;
BDANWR, Bosque del Apache National Wildiife Refuge; E, estimated; NA, not applicable]

Streamflow Specific
(cubic conduct -
feet per ance
Station number Station name (site number, if applicable) Date Time second) (pS/cm)
08354900 Rio Grande Floodway at San Acacia (B2) 11-06-87 1100 1,320 700
11-20-87 1345 1,360 495
03-24-88 1115 1,070 490
05-04-88 1100 1,500 -
08-16-88 1000 207 820
08358300 Rio Grande Conveyance Channel at San Marcial 03-25-88 1300 326 900
05-03-88 1145 399 890
08-17-88 1045 245 830
08358400 Rio Grande Floodway at San Marcial (B3) 11-05-87 1200 589 710
11-20-87 1000 900 505
! 03-25-88 1000 898 625
|
335213106520210 Rio Grande Conveyance Channel at inflow to BDANWR (Bl) 11-19-87 1000 57 790
02-18-88 1145 ES0 -
09-01-88 1100 80 750
335211106512710 San Antonio Draln at inflow to BDANWR (B4&4) 11-18-87 1100 83 790
02-18-88 1100 ESO -
05-03-88 1330 E60 1,390
09-01-88 1330 E150 830
335212106514010 Elmendorf Drain at inflow to BDANWR (BS5) 11-18-87 1345 3.0 1,720
02-18-88 1000 El.O -
05-03-88 1430 E8.0 1,100
09-01-88 1500 El.5 1,770
335213106521510 Socorro Main Canal at inflow to BDANWR (B13) | 05-03-88 1500 E6.0 700
' 09-06-88 1045 ES0 860
334928106525010 BDANWR Interior Drain 1.2 mlles north of BDANWR HQ [(B6) 11-19-87 1450 9.6 1,410
02-18-88 1300 ES.0 -
05-03-88 1245 E80 1,010
09-06-88 1245 E20 980
334828106514710 San Antouio Drain 1.6 miles east of BDANWR (Bl4) 05-03-88 1130 E30 1,050
09-06-88 1500 E5.0 860
334612106540510 BDANWR Interior Drain near outflow from BDANWR (B7 11-19-87 1245 30 1,520
02-18-88 1400 EIO -
09-07-88 1030 E65 1,010
334832106525720 Trench pond in field unit 18C at BDANWR (B8) | 02-25-88 1300 NA 2,500
09-06-88 1600 NA 1,070
334810106522520 Field unit 18B-east triangle at BDANWR (B9) 02-24-88 1115 NA 710
334616106540720 South marsh in field unit 25A at BDANWR (B10) 02-25-88 1500 NA 1,590
09-07-88 1210 NA 2,450
334719106531620 ‘Spring pond in unit 24B at BDANWR (B15) i 09-07-88 0900 NA 1,390
334836106520001 065.01E.05.334 field unit 17A sump at BDANWR (Bl1l) 02-25-88 1030 NA 1,580
334821106523401 06S.01E.07.213 warm-water well at BDANWR (B12) 02-24-88 1500 NA 4,450
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Sediment,

Temper— Temper- Oxygen, Baro-~ suspended

ature, ature, Oxygen, dissolved metric Sediment, (percent
pH air water dissolved (percent pressure suspended finer
(standard (degrees (degrees (milligrams satu- (mm of (milligrams than

units) Celsius) Celsius) per liter) ration) mercury) per liter) 0.062 mm)
7.60 19.0 13.0 9.0 100 654 3,940 -
8.25 15.0 10,0 9.6 101 645 -— --
8.00 20,0 13.5 13.0 145 657 - -
8.60 26.0 19.5 7.9 101 652 99 98
8.00 32.0 21.0 7.1 95 641 31,900 -—
7.85 19.5 14.0 9.7 109 662 - -
8.30 24,0 17.0 8.5 108 625 144 -
8.15 24.5 22,0 6.8 92 649 641 -
7.90 21.0 12.0 9.2 99 663 3,030 -
8.35 12.5 4,0 11.4 102 652 - -
8.20 18.0 10.5 9.7 100 662 - -
8.20 12.5 12.5 7.5 83 652 - -
8.00 23.0 17.0 7.8 97 635 - -
8.25 10.0 13.0 7.7 86 650 - --
8.10 23.5 16.0 - - - - -
8.30 24,0 18.0 7.9 101 635 - -=
8.15 11.0 10.5 10.8 115 648 - -
7.80 31.0 19.0 - - - - -
8.30 23.0 20.0 7.7 103 635 - -
8.32 27.0 .0 - - - - -
8.40 22.5 .5 7.8 103 635 - -
8.20 14,5 13.5 8.2 - - - -
8.10 26.0 15.5 - - - - -
8.30 29.0 19.5 7.6 100 635 - -

>

8.20 22,0 .5 - - - -— -
8.20 27.0 21.0 7.3 99 634 - -
8.20 9.0 8.5 9.8 99 652 - --
8.20 24.5 18.0 7.5 96 635 - --
8.05 16.0 12.0 7.8 86 650 - -
8.50 30.0 25.0 7.9 116 634 - -
7.94 10.0 9.0 7.2 73 650 - -
8.42 19.0 12.5 9.0 100 648 - -
8.70 28.0 23.5 7.4 106 634 - -
8.40 25.0 19.0 7.8 102 634 - -
7.48 14.5 10.0 4,0 42 651 - -
7.22 19.0 33.0 0.7 12 640 -— -
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Table 13.--Summary of data for major dissolved chemical constitue
National Wildlife Refuge reconnaissance study, water

nts in water collected for the Bosque del Apache

year 1988

[mg/L, milligrams per liter; deg C, degrees Celsius; --, no data; * data from other U.S5. Geological Survey

data collection program; BDANWR,

Bosque del Apache National Wildlife Refuge; mi, miles; <,

less than]

Hardness
noncarbonate

Hardness, whole water
total total, field

(mg/L as (mg/L as

Station number Station name (site number, if applicable) Date Time CaCO3) CaCOJ)
08354900 Rio Grande Floodway at San Acacia (B2) 11-06-87 1100 210 62
11-20-87* 1345 170 31
03-24-88 1115 160 19
05-04-88* 1100 150 24
08-16-88* 1000 240 44
08358300 Rio Grande Conveyance Channel at San Marcial 03-25-88 1300 220 44
05~-03-88%* 1145 210 30
08-17-88%* 1045 230 53
08358400 Rio Grande Floodway at San Marcial (B3) 11-05-87 1200 190 42
11-20-87*% 1000 180 40
03-25-88 1000 170 28
335213106520210 Rio Grande Conv Channel at inflow to BDANWR (Bl) 11-19-87 1000 200 34
09-01-88* 1100 210 50
335211106512710 San Antonio Drain at inflow to BDANWR (B4) 11-18-87 1100 220 47
09-01-88 1330 230 55
335212106514010 Elmendorf Drain at inflow to BDANWR (B5) 11-18-87 1345 450 140
09-01-88 1500 460 110
335213106521510 Socorro Main Canal at inflow to BDANWR (B13) 09-06-88 1045 260 87
334928106525010 BDANWR Interior Drain 1.2 mi north of BDANWR HQ (B6) 11-19-87 1450 400 140
09~06-~88 1245 280 89
334828106514710 San Antonio Drain 1.6 mi east of BDANWR (Bl4) 09-06-88 1500 240 69
334612106540510 BDANWR Interior Drain near outflow from BDANWR (ﬂ7) 11-19-87 1245 380 120
! 09-07-88 1030 280 86
334832106525720 Trench pond in field unit 18C at BDANWR (B8) 02-25-88 1300 510 240
09-06-88 1600 270 77
334810106522520 Field unit 18B-east triangle at BDANWR (B9) 02-24-88 1115 190 23
334616106540720 South marsh in field unit 25A at BDANWR (B10) 02-25-88 1500 310 0
09-07-88 1210 270 0
334719106531620 Spring pond in unit 24B at BDANWR (Bl5) 09-07-88 0900 130 0
334836106520001 06S.01E.05.334 field unit 17A sump at BDANWR (BIl) 02-25-88 1030 400 80
334821106523401 065.01E.07.213 warm-water well at BDANWR (B12) 02-24-88 1500 470 130
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Table 13.--Summary of data for major dissolved chemical constituents in water collected for the Bosque del Apache
National Wildlife Refuge reconnaissance study, water year 1988--Continued

Solids, Solids,

residue sum of Magne- Potas~
at 180 constit~ Calcium, sium, Sodium, sium,
Alka~ deg C, uents, dis=- dis~ dis~ Sod{ium dis- Bicar~
linity dis~ dis- solved solved solved adsorp—- solved bonate
(mg/L as  solved solved (mg/L (mg/L (mg/L tion (mg/L (mg/L
Station number Date CaCO3) (mg/L) (mg/L) as Ca) as Mg) as Na) ratio as K) as HCO3)
08354900 11-06-87 210 - 435 65 11 65 2 4.8 256
11-20-87 142 332 341 53 9.6 44 2 3.7 173
03-24-88 136 - 323 48 9.0 41 1 12 166
05~04~88 120 - 306 47 9.0 41 1 2.7 98
08~16-88 155 - 577 74 14 89 3 5.4 189
08358300 03-25~88 168 528 527 65 13 92 3 5.2 205
05-03~88 183 503 490 62 12 85 3 2.2 223
08-17-88 174 543 540 70 13 93 3 6.0 212
08358400 11~05~87 138 397 387 59 11 55 2 4.7 168
11~20~87 e 344 343 55 9.9 44 1 3.7 -
03-25-88 -- 344 344 52 9.8 47 2 3.7 -
335213106520210 11-19-87 - 510 507 62 11 93 3 5.1 -
09-01-88 160 479 457 64 12 80 3 4,8 195
335211106512710 11-18-87 - 504 493 68 12 83 3 4.9 -—
09-01-88 174 564 518 70 13 86 3 5.0 198
335212106514010 11~18-87 - 1,130 1,120 140 25 220 5 7.2 -
09-01-88 368 1,190 1,140 140 28 220 S 7.3 449
335213106521510 09~06-88 178 582 548 79 16 90 3 5.0 203
334928106525010 11~-19~87 -~ 963 340 120 25 160 4 7.0 -~
09-06-88 195 647 609 85 17 100 3 5.4 238
334828106514710 09~06~88 174 562 528 74 14 91 3 5.1 212
334612106540510 11-19-87 - 995 979 110 24 200 5 11 -
09-07-88 198 671 639 85 17 110 3 5.6 242
334832106525720 02~-25-88 262 1,620 1,500 140 40 350 7 9.5 320
09-06~88 194 689 672 79 18 130 4 8.0 222
334810106522520 02-24-88 154 465 461 58 12 85 3 5.2 188
334616106540720 02~25-88 176 1,000 1,000 78 27 230 6 14 210
09-07-88 284 1,560 1,530 47 36 450 12 14 298
334719106531620 09~07-88 180 859 789 35 9.4 230 9 5.6 210
334836106520001 02~25-88 320 1,110 1,060 110 30 220 5 8.4 390
334821106523401 02-24~88 328 2,870 2,650 120 41 790 16 35 400
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Table 13.--Summary of data for major dissolved chemical constituent

s in water collected for the Bosque del Apache

National Wildlife Refuge reconnaissance study, water year 1988-~Concluded

Phos-~ Satu-
Fluo~ Nitrogen, phorus ration
Sulfate, Chloride, ride, Silica, NO2 + N03, ortho, Carbon, index,
Car- dis- dis- dis- dis-~ dis- dis- organic calcium
bonate solved solved solved solved solved solved total carbon-
(m~/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L ate
Station number Date as COJ) as SOA) as Cl) as F) as S{Oz) as N) as P) as C) (CaCOJ)
08354900 11-06-87 0 140 32 0.50 24 0.760 0.310 32 -
11-20-87 0 94 25 0.50 22 0.720 - - 0.494
03-24-88 0 85 18 0.50 22 0.970 0.280 4.8 --
05-04-88 24 85 18 0.50 21 0.600 0.220 3.8 -
08-16-88 0 200 49 0.60 21 0.860 0.080 410 -
08358300 03-25-88 0 160 64 0.50 22 0.220 0.080 - s
05-03-88 0 140 60 0.50 21 0.210 0.070 - -
08-17~-88 0 160 65 0.40 24 0.300 0.090 - -
08358400 11-05-87 0 110 28 0.50 23 0.770 0.260 == -
11-20-87 - 97 24 0.50 22 0.680 - -- 0.551
03-25-88 - 95 22 0.50 23 0.910 0.290 - 0.573
335213106520210 11-19-87 - 140 69 0.60 25 <0.100 - - -
09-01-88 0 150 50 - - <0.100 - - -
335211106512710 11-18-87 - 140 56 0.60 24 <0.100 - - 0.709
09-01-88 7 180 59 - - 0.170 - - -
335212106514010 11-18-87 -~ 370 130 0.60 32 0.170 - - 1.063
09-01-88 o 400 130 e - 0.140 - - -
335213106521510 09~-06-88 7 190 60 - - 0.360 - - 0.967
334928106525010 11-19-87 - 290 140 0.60 38 <0.100 - e 0.983
09-06-88 0 210 74 - - 0.310 - - -
334828106514710 09-06-88 (¢l 180 59 - - 0.170 - -~ 0.769
334612106540510 11-19-87 - 260 190 0.80 26 <0.100 - - 0.875
09-07-88 0 220 81 - -~ 0.470 - - -
334832106525720 02-25-88 0 410 390 - - <0.100 - - 0.820
09~-06-~88 7 210 110 - - <0.100 - - -
334810106522520 02-24-88 0 140 57 - - <0.100 - - 0.216
334616106540720 02-~25-88 2 280 190 - - <0.100 - - _—
09~-07-88 24 480 330 - - <0.100 - - 1.114
334719106531620 09-07-88 5 190 210 - - <0.100 - - -
334836106520001 02-25-88 0 360 140 - - 0.110 - -~ 0.250
334821106523401 02-24-88 0 550 910 - - 1.00 - —_ 0.246
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Table 14.--Summary of data for dissolved trace elements in water collected for the Bosque del Apache
National Wildlife Refuge reconnaissance study, water year 1988

[pg/L, micrograms per liter; --, no data; <, less than; BDANWR, Bosque
del Apache National Wildlife Refuge; pCi/L, picocuries per liter]

Aluminum,
dis-
solved
(pe/L)
Station number Statfon name (s{te number, if applicable) Date Tlme as Al)
08354900 Rio Grande Floodway at San Acacia (B2) 11-06-87 1100 -
. 11-20-87 1345 -
03-24-88 1115 -
05-04-88 1100 -
08-16-88 1000 -
08358300 Rio Grande Conveyance Channel at San Marcial 03-25-88 1300 <10
05-03-88 1145 10
08-17-88 1045 10
08358400 Rio Grande Floodway at San Marcial (B3) t11-05-87 1200 30
11-20-87 1000 -
03-25-88 1000 20
335213106520210 Rio Grande Conveyance Channel at inflow to BDANWR (BIl) 11-19-87 1000 -
09-01-88 1100 -
335211106512710 San Antonio Drain at inflow to BDANWR (B4) 11-18-87 1100 -
09-01-88 1330 -
335212106514010 Elmendorf Drain at inflow to BDANWR (BS5) 11-18-87 1345 -=
09-01-88 1500 .
335213106521510 Socorro Main Canal at inflow to BDANWR (BI3) 09-06-88 1045 --
334928106525010 BDANWR Interior Drain 1.2 miles north of BDANWR (B6) 11-19-87 1450 -
09-06-88 1245 -
334828106514710 San Antonfo Drain 1.6 miles east of BDANWR (Bl4) 09-06-88 1500 -
334612106540510 BDANWR Interfor Drain near outflow from BDANWR (B7) 11-19-87 1245 -
09-07-88 1030 -
334832106525720 Trench pond in field unit 18C at BDANWR (B8) 02-25-88 1300 ==
09-06-88 1600 --
334810106522520 Field unit 18B-cast triangle at BDANWR (B9) 02-24-88 1115 -
334616106540720 Sonth marsh in field unit 25A at BDANWR (B10) 02-25-88 1500 -
09-07-88 1210 -
334719106531620 Spring pond in unit 24B at BDANWR (BI5) 09-07-88 0900 -
334836106520001 06S.01F.05.334 field unit 17A sump at BDANWR (BIl) 02-25-88 1030 -
334821106523401 06S.01FE.07,213 warm-water well at BDANWR (Bl2) 02-24-88 1500 -
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Table 14.—Summary of data for dissolved trace elements in wi
National Wildlife Refuge reconnaissance study, ¥

ater collected for the Bosque del Apache

vater year 1988—Continued

Beryl- Chro-
Arsenic, Barium, lium, Boron, Cadmium, mium, Cobalt, Copper,
dis- dis- dis- dis- dis- dis- dis- dis-
solved solved solved solved solved solved solved solved
(ug/L (ug/L (ug/L (ug/L (ug/L (ng/L (ug/L (ug/L
Station number Date as As) as Ba) as Be) ag B) as Cd) as Cr) as Co) as Cu)
08354900 11-06-87 7 - - 30 1 <10 . 11
11-20-87 4 -_— - 90 <l 1 et 1
03-24-88 - - - 90 - - - -
05-04-88 - - - 80 - - - -
08-16-88 4 - - 30 <1 <1 - 3
08358300 03-25-88 6 64 <0.5 -— <1 1 a3 1
05-03-88 5 69 <0.5 - <1 <1 a3 3
08-17-88 7 69 <0.5 - <1 < ¢] <1
08358400 11-05-87 S 66 <0.5 - <1 <1 <3 4
11-20-87 4 -— - 190 <1 2 - 2
03-25-88 5 66 <0.5 == <1 2 <1 1
335213106520210 11-19-87 6 - — 150 <1 1 - 2
09-01-88 6 - - 20 1 - 1
335211106512710 11-18-87 6 - - 40 <1 1 - 7
09-01-88 6 - - 40 1 1 - 1
335212106514010 11-18-87 1 - - 90 <1 1 - 3
09-01-88 2 - - n 3 2 - 1
335213106521510 09-06-88 4 - - 140 1 1 - 2
334928106525010 11-19-87 3 - - 10 <1 <1 - 1
09-06-~-88 4 - - 160 4 1 - 1
I
334828106514710 09-06-88 6 - - qao 3 1 - 1
334612106540510 11-19-87 5 - - 350 <1 8 - 2
09-07-88 5 - -- 160 4 2 - 1
334832106525720 02-25-88 5 - -~ 290 <1 1 - 4
09-06-88 6 - - 170 3 1 - 2
334810106522520 02-24~88 3 - - 150 <1 1 = 2
334616106540720 02-25-88 <1 - - 230 3 1 - 4
09-07-88 - - 510 1 1 - 1
334719106531620 J9-07-88 16 - - 250 2 1 - <1
334836106520001 02-25-88 <1 -~ -~ 250 <1 1 - <1
334821106523401 02-24-88 53 - - <1 1 == <l
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Table 14.--Summary of data for dissolved trace elements in water collected for the Bosque del Apache

National Wildlife Refuge reconnaissance study, water year 1988--Continued

Manga- Yolyb- Sele-

Iron, Lead, Lithium, nese, Mercury, denum, Nickel, nium,

dis= dis= dis- dis- dis- dis= dis= dis-

solved solved solved solved <nlved solved solved solved

(ug/L (ng/L (ng/L (pg/L (ug/L (ug/L (pg/L (pg/L

Station number Date as Fe) as Pb) as Li) as Mn) as Hg) as Mo) as Ni) as Se)
08354900 11-06-87 200 <5 -- - <M.l -- - 1
11-20-87 - <5 - - <0.1 4 -—- <1
03-24-88 8 -- - - - - -- -—
05-04-88 5 - - - - - - -
08~-16-88 14 <5 - - <0.1 - -- <1
08358300 13-25-88 8 < 95 11 n,2 <5 2 <l
05-03-88 10 <5 ’8 15 <0.1 <h 2 <1
08-17-88 8 <5 86 2 <0.1 <10 <1 <1
08358400 11=05-87 18 s 49 2 n.2 <10 3 <1
11=-20-R7 - <5 - -— <0.1 4 - <1
03-25-88 0 <5 64 3 n.1 -- 4 <1
335213106520210 11-19-87 ~-- -3 -- - .1 5 - <1
£9-01-88 —-= <5 - - <0.1 4 - <1
335211106512710 11=18=87 -- 5 - - <0.1 5 - <1
09-01-88 - 5 - - <0.1 4 - <1
335212106514010 i1-18-87 -- <5 - - 0.1 6 - <1
09-01-88 - <5 - -- <0.1 6 - <1
335213106521510 09-N6-88 - (¢} - - <0.1 5 - <1
334928106525010 11-19-87 -- 5 - - 0.1 5 e <1
09-06-88 -- <5 - - <0.1 4 - <1
334828106514710 09-06-88 - <5 - - <0.1 5 - <1
334612106540510 11=-19-87 - ] - -— Q.1 7 - <1
09-07-88 - <5 - - <0.1 4 - <1
334832106525720 02-25-88 - <5 - - <0.1 ) -— <1
39-06-88 - <3 - - <0.1 3 - <1
334810106522520 02-24-88 -- <5 -- - <0.1 7 - <
334616106540720 (2-25-88 - <5 -- - <0.1 7 - <1
09-07-88 - <5 - - <0.1 8 - <1
334719106531620 09-07-88 -- <5 - -- <0.1 4 - <1
334836106520001 02-25-88 - <5 - - <0.1 9 - <1
334821106523401 02-24-88 -—- [¢] - - 0.2 11 - <1
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Table 14.--Summary of data for dissolved trace elements in water collected for the Bosque del Apache
National Wildlife Refuge reconnaissance study, water year 1988--Concluded

Radium-226,
Stron- Vana=- dis- Radium-226, Uranfum,
Silver, tium, dfum, Zine, solved, dis~- natural
dis- dis=- dis=- dis=- plan- solved, dis-
solved solved snlved solved chet radon solved
(ug/L (ug/L (pg/L (ug/L count method (ng/L
Station number Date as Ag) as Sr) as V) as 2n) (pCi/L) (pCi/L) as U)
08354900 11-06=87 - ~-- ~-- 27 -- - -
11-20-87 ~= 440 3 <3 <0.1 ~- 2.5
03-24-R8 ~- ~- ~- -- -- ~-= --
05-04-88 -- ~-- -~ - - - -
08-16-88 -~ - -- 5 -- -- ~-
0R358300 N3-25-88 1.0 700 <6 4 -- -~ ~--
15-03-R8 1.0 6RO R 22 -~ 0,04 1.3
0R-17-RR <1.0 810 <h 3 - - --
08358400 11-05-87 <t.0 SR0 <k 7 ~- 0.08 2.1
11-20-R7 -- “80 3 3 <0.1 -- 2.8
03-25-88 <1.0 450 5 4 -- n.10 3.2
3315213106520210 11-19-87 -- 680 <1 <3 <0,1 -~- 1.2
ng-n1-88 - ~-- 1 21 - - --
335211106512710 11-18-87 - 6RO <1 9 <0.1 -- 1.9
N9-0]1-RR - ~-- f -- - -
335212106514010 11-18-87 - 1,200 <1 6 0.1 - 2.6
09-01~88 - - 2 12 - - -
33521310A521510 N9-06-88 ~- ~- 3 4 -- -- -
334928106525010 11-19-87 - 1,400 <1 7 0.1 -- 1.2
09-06-88 - - 3 S -- -- --
334828106514710 19-06-88 - - 2 <3 —-- -- --
334612106540510 11-19-87 - 1,300 2 20 <n.1 -- 1.7
09-07-88 -— - 3 4 - ~- -
334832106525720 n2-25-88 - - [3 10 0.2 -- 1.4
N9-06-88 - - 2 14 - - -
334810106522520 02-24-88 - - <1 9 <0.1 ~- 1.6
334616106540720 02-25-88 - - 3 7 0.1 -- 2.0
N9-n7-88 -— - 11 <10 -- - -=
334719106531620 09-07-88 - - 39 20 - -- --
334836106520001 02-25-88 - -— 1 8 <0.1 -= 0.90
334821106523401 02-24-88 - - 18 20 0.4 -- <0.40
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Table 16.--Summary of data for major chemicals, trace elements, an
Bosque del Apache National Wildlife Refuge reconnaissan

d radionuclides in bottom sediment collected for the

ce study, water year 1988

[*, duplicate sample; coarse, all sizes In sample les
fraction passing through 62.5-micron sieve; %, percen
dry-weight; <,

less than; =-=-, no data; pC

s than 2.0 millimeters; fine, sample
t dry-weight; ppm, parts per million
i1/g, picocuries per gram]

Site number

(see figure 5 for site locations)

Chemical B2* B2* B3 B3 Bl Bl B4 B4
constituent Unit Coarse Coarse Coarse Fine Coarse Fine Coarse Fine
Calcium % 1.4 1.5 1.5 3.4 1.4 4.3 3.5 3.5
Magnesium A 0.22 0.22 0.39 0.93 0.20 0.72 1.2 1.1
Sodium % 1.4 1.4 1.1 1.0 1,2 1.3 0.77 0.94
Potassium KA 1.8 1.8 l.4 1.7 1.6 1.8 1.9 1.9
Phosphorus % 0.03 0.03 0.04 0.09 0 0.05 0.07 0.07
Aluminum % 3.9 3.9 3.8 5.2 4.0 4eb 7.7 7.0
Arsenic ppm 2.0 2.0 2.2 4.9 2.0 [N 6.4 6.6
Barium ppm 690 700 620 1,100 640 930 600 630
Beryllium ppm <1 <1 <1 1 <1 1 2 2
Bismuth ppm <10 <10 <10 <10 <10 <10 <10 <10
Boron ppm 0.5 0.4 0.7 3.6 <0.41 1 0.8 1.0
Cadmium ppm <2 <2 <2 <2 <2 <2 <2 <2
Cerium ppm 32 30 31 100 25 81 73 67
Chromium ppm 17 L6 24 85 18 49 57 53
Cobalt ppm 6 6 6 15 5 13 14 13
Copper ppm 5 5 7 18 9 16 28 27
Furopium ppm <2 <2 <2 <2 <2 <2 <2 <2
Gallium ppm 8 9 8 12 8 11 18 15
Gold ppm <8 <8 <8 <8 <8 <8 <8 <8
Holmium ppm <4 <4 <4 ! <4 <4 <4 <4 <4
Iron % 1.7 1.4 1.4 | 3.9 1.0 2.7 3.2 2.8
Lanthanum ppm 22 21 20 58 17 47 42 39
Lead ppm 12 10 11 ' 21 10 17 23 21
Lithium ppm 10 10 11 26 10 20 42 36
Manganese ppm 310 280 300 680 330 1,700 830 740
Mercury ppm <0.02 <0.02 <0.02 0.04 <0.02 0.02 0.04 0.04
Molybdenum ppm <2 <2 <2 <2 <2 <2 <2 <2
Neodynium ppm 16 17 16 49 12 39 35 33
Nickel ppm 6 6 7 19 6 15 22 19
Niobium ppm 5 <4 6 13 <4 S 11 10
Scandium ppm 2 2 4 ; 8 2 6 11 9
Selenium ppm <0.1 0.1 0.1 ! 0.2 <0.1 0.2 0.4 0.4
Silver ppm <2 <2 <2 <2 <2 <2 <2 <2
Tin ppm <10 <10 <10 <10 <10 <10 <10 <10
Titanium % 0.19 0.16 0.23 0.65 0.13 0.39 0.39 0.39
Strontium ppm 290 300 230 240 280 320 260 260
Tantalum ppm <40 <40 <40 <40 <40 <40 <40 <40
Thorium ppm 4 5 4 18 4 14 12 12
Vanadium ppm 43 35 39 120 28 80 86 74
Yttrium ppm 10 10 12 29 9 24 23 23
Ytterbium ppm 1 1 1 4 1 3 3 3
Zinc ppm 27 23 24 75 18 52 75 66
Uranium ppm 0.4 0.4 0.4 1.3 0.65 1.3 1.6 1.6
Radium-226 pCi/g 0.53 0.461 0.655 - 0.550 - 1.28 =
Total carbon % 0.23 0.26 0.34 1.45 0.32 1.88 1.75 1.72
Organic carbon % 0.04 0.06 0.12 0.55 0.09 0.78 0.96 0.88°
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Table 16.--Summary of data for major chemicals, trace elements, and radionuciides in bottom sediment collected for the
Bosque del Apache National Wildlife Refuge reconnaissance study, water year 1988--Continued

Site number (sce figure 5 for site locations)

Chemical RS BS B6 B6 B7 B7 B8 B8
constituent Coarse Fine Coarse Fine Coarse Fine Coarse Fine
Calcium 2.7 2.6 1.3 3.4 1.3 3.3 4e2 6.8
Magnesium 0.76 0.73 0.28 0.83 0.26 0.84 0.57 0.85
Sodium 1.0 0.71 1.2 1.2 1.2 1.2 0.97 0.57
Potassium 2.0 1.4 1.8 1.9 1.9 1.9 1.7 1.3
Phosphorus 0.05 0.04 0.04 0.05 0.03 0.07 0.05 0.06
Aluminum 6.1 4.9 4.2 5.1 4.3 5.3 4.5 4,7
Arsenlc 7.4 6.8 2.4 hel 3.7 6.7 6.7 12.0
b buan 990 030 69N 820 730 926 500 390
heryllfum 2 ! <l 1 1 2 1 1
Bismutl <10 <10 <10 <10 <10 <10 <10 <10
Boron 1.4 1.3 0.5 1.7 0.6 2.4 1.3 1.8
Cadmium <2 <2 <2 <2 <2 <2 <2 <2
Cerium 56 52 59 71 35 74 38 48
Chromium 40 35 28 45 19 54 22 37
Cobalt 12 10 8 11 7 14 8 9
Copper 21 21 8 16 9 17 13 17
Furopium <2 <2 <2 <2 <2 <2 <2 <2
Gallium 14 11 10 11 9 14 10 11
Gold <8 <8 <8 <8 <8 <8 <8 <8
Holmium <4 <4 <4 <4 <4 <4 <4 <4
Iron 2.2 1.9 2.3 2.6 1.1 2.7 1.4 2.0
Lanthanum 34 30 37 41 22 42 25 29
Lead 130 50 13 23 14 27 13 15
Lithium 29 25 12 25 13 28 24 32
Manganese 1,900 380 820 1,100 2,100 4,500 850 1,300
Mercury 0.02 0.04 <0.02 0.02 <0.02 .02 <0.02 0.02
Molybdenum <2 <2 <2 <2 <2 <2 <2 <2
Neodynium 26 24 27 34 18 37 18 23
Nickel 14 13 8 14 6 15 9 12
Niobium 7 5 7 4 4 8 5 5
Scandium 7 5 3 7 3 7 5 7
Selenium 0.2 0.3 <0.1 0.2 0.1 0.3 0.2 0.3
Silver <2 <2 <2 <2 <2 <2 <2 <2
Tin <10 <10 <10 <lo <10 <10 <10 <10
Titanfum 0.29 0.24 0.31 0.37 0.15 0.39 0.18 0.24
Strontium 240 180 230 280 240 280 390 500
Tantalum <40 <40 <40 <40 <40 <40 <40 <40
Thorium 10 9 9 11 5 15 6 9
Vanadium 60 52 61 71 29 72 36 51
Yttrium 19 17 14 24 13 24 13 17
Ytterbium 2 2 2 3 1 3 2 2
Zinc 67 55 37 54 32 60 36 50
Uranium 1.1 1.3 0.65 1.0 0.70 0.85 0.80 1.2
Radium=-226 1.08 -— 0.862 - 1.01 - 0.712 -
Total carbon 1.54 2.00 0.29 1.33 0.50 1.72 2.23 4.46
Organic carbon 0.92 1.11 0.12 0.49 0.30 0.91 1.21 2.15
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Table 16.--Summary of data for major chemicals, trace elements, and radionuciides in bottom sediment collected for the
Bosque del Apache National Wildiife Refuge reconnaissahce study, water year 1988--Concluded

Site number (see figure 5 for site locations)

Chemical B9 B9 B10 BIO | BIIF Bl11F B12F B12F
constituent Unsieved Fine Unsieved Fine Unsieved Fine Unsieved Fine
Calefum 3.8 3.9 3.3 4.9 3.1 3.6 2.4 1.9
Magnesium 0.90 0.91 0.64 1.0 0.95 1.1 1.3 0.97
Sodium 1.0 1.1 2.1 1.1 0.91 0.91 0.49 0.35
Potassium 1.9 1.9 2.2 1.9 1.9 1.9 1.9 1.4
Phosphorous 0.06 0.07 0.05 0.07 0.06 0.07 0.07 0.05
Aluminum 5.5 6.6 7.2 6.2 ‘ 5.8 6.8 9.2 6.7
Arsenic 4.5 3.6 3.3 he2 5.0 6.8 5.8 7.7
Barium 660 650 750 710 630 660 530 470
Beryllium 2 1 2 2 2 2 2 2
Bismuth <10 <10 <10 <10 ’ <10 <10 <10 <10
Boron 1.6 1.6 1.1 2.0 1.2 1.4 1.3 1.6
Cadmium <2 <2 <2 <2 <2 <2 <2 <2
Cerium 59 59 56 65 60 70 79 60
Chromium 37 53 30 44 48 52 58 47
Cobalt 10 10 8 13 11 12 14 11
Copper 20 25 17 22 21 24 29 22
Furopium <2 <2 <2 <2 I <2 <2 <2 <2
Gallium 12 12 16 15 ! 15 15 22 16
Gold <8 <8 <8 <8 <8 <8 <8 <8
Holmium <4 <4 <4 <4 | <4 <4 <4 <4

|

Tron 2.1 2.0 1.9 2.7 2.4 2.7 3.7 2.8
Lanthanun 34 35 34 39 35 41 45 35
Lead 19 18 18 23 20 21 27 30
Lithium 34 32 28 42 34 37 53 41
Manganese 380 380 430 720 v 440 470 460 360
Mercury <0.02 0.02 <0.02 0.04 } 0.02 0.02 0.04 0.06
Molybdenum <2 <2 <2 <2 <2 <2 <2 <2
Neodynium 29 29 26 31 | 30 34 36 28
Nickel 14 14 10 16 |15 18 21 17
Niobium 7 8 7 8 | 8 9 11 9
Scandium 7 7 6 9 8 9 13 10
Selenfum 0.3 0.3 0.2 0.3 0.3 0.3 0.3 0.4
Silver <2 <2 <2 <2 <2 <2 <2 <2
Tin <10 <10 <10 <10 . <to <10 <10 10
Titanium 0.28 0.31 0.23 0.34 0.31 0.37 0.39 0.33
Strontium 280 270 630 400 250 260 240 180
Tantalum <40 <40 <40 <40 <40 <40 <40 <40
:Thorium 10 10 9 11 11 13 14 11

' Vanadium 57 57 51 72 67 74 110 8l
Yttrium 19 20 20 22 20 23 22 20
Ytterbium 2 2 2 3 2 3 2 2
Zine 55 52 45 67 60 67 94 70
Uranium 1.1 0.65 0.99 1.5 0.80 1.0 1.2 1.5
'Radium=-226 1.11 -- 0.82 - 1.01 -- 1.18 -
Total carbon 2.44 2.19 1.21 2.52 1.71 1.94 2.09 2.41
Organic carbon 1.46 1.17 0.67 1.32 0.94 1.03 1.65 1.92
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Table 17,—Summary of data for pesticides in bottom sediment collected for the Bosque del Apache National

Wildlife Refuge reconnaissance study, water year 1988

[BDANWR, Bosque del Apache Mational Wildlife Refuge; <, less than.

All values in micrograms per kilogram dry-weight]

Aldrin,
total in
bottom
Station mmber Station name (site mmber, {f applicable) Date Time material
08354900 Rio Grande Floodway at San Acacia (B2) 11-20-87 1345 <0.1
08358400 Rio Grande Floodway at San Marcial (B3) 11-20-87 1000 <0.1
335213106520210 Rio Grande Conveyance Channel at inflow to BDANWR (Bl) 11-19-87 1000 <0.1
335211106512710 San Antonio Drain at inflow to BIANWR (B4) 11-18-87 1100 <0.1
335212106514010 Elmendorf Drain at inflow to BDANWR (BS) 11-18-87 1345 <0.1
334928106525010 BPANWR Interior Drain 1.2 miles north of BDANWR HQ (B6) 11-19-87 1450 <0.1
334612106540510 BDANWR Interlor Drain near outflow, BDANWR (B7) 11-19-87 1245 <0.1
334832106525720 Trench pond in fleld unit 18C at BDANWR (B8) 02-18-88 1330 <0.1
334810106522520 Field unit 18B-east triangle at BDANWR (89) 02-17-88 1330 0.1
334616106540720 South marsh in field unit 25A at BDANWR (B10) 02-17-88 1500 Q0.1
334907106520520 Field unit 17A in NV section at BMANWR (BLIF) 02-17-88 1400 <0.1
334800106530020 Field unit 18D in SE section at RDANWR B1Z2F) 02-17-88 1115 <0.
Chior- Di~ Endo—
dane, DhD, DDE, poT, eldrin, sulfan, Endrin, PCB,
total in total in total in total in total in total in total in  total in
botton bottom bot tom bottom bottom bottom bottom bottom
Station mumber Nate mterial material material material material mterial mterial material
08354900 11-20-87 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <1
08358400 11-20-87 <1.0 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <1
335213106520210 11-19-87 <1.0 0.1 <0.1 <0.1 .1 Q0.1 Q.1 <1
335211106512710 11-18-87 3.0 <0.1 0.4 <0.1 <0,1 <0.1 <0.1 2
335212106514010 11-18-87 3.0 1.7 1.3 <0.1 0.1 <0.1 <0.1 2
334928106525010 11-19-87 <1.0 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <1
334612106540510 11-19-87 <1.0 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <1
334832106525720 02-18-88 <1.0 0.1 0.2 <0.1 <0.1 <0.1 <0.1 <1
334810106522520 (2-17-88 <1.0 <0.1 0.2 <0.1 Q.1 Q.1 <0.1 <1
334616106540720 02-17-88 1.0 0.2 0.6 <0.1 Q0.1 <0.1 <0.1 2
334907106520520 02-17-88 <1.0 <O.1 0.1 <0.1 <.} <0.1 0.1 <1
334800106530020 02-17-88 1.0 0.1 0.5 <0.1 <0.1 <0.1 <0.1 <1
Hepta- Moth-
Hepta— chlor oxy— Per- Toxa—
PCN, chlor, epoxide, Lindane, chlor, Mirex, thane, phene,
total in total in total in total in  total in total in total in total in
bottom ‘nttom bottom bottom bottom bottom bottom bottom
Station munber Date material material mterial mterial material‘ material material material
08354900 11-20-87 <t.0 <0.1 0.1 Q.1 Q.1 <0.1 <1.00 <10
08358400 11-20-87 <l.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
335213106520210 11-19-87 <l.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
335211106512710 11-18-87 <1.0 <0.1 0.1 <0.1 <0.1 <0.1 <1,00 <10
335212106514010 11-18-87 <1.0 <0.1 <0.1 Q.1 <0.1 0.1 <1.00 <10
334928106525010 11-19-87 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
334612106540510 11-19-87 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
334832106525720 02-18-88 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
334810106522520 02-17-88 <1.0 0.1 <.1 <0.1 <0.1 <0.1 <1.00 <10
334616106540720 02-17-88 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
334907106520520 02-17-88 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
334800106530020 02-17-88 <1.0 <0.1 <0.1 <0.1 <0.1 <0.1 <1.00 <10
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Table 20.—Trace-element residues in plant samples collected from the Bosque del Apache

National Wildlife Refuge, 1986

[Results in micrograms per gram wet-weight and dry-weight; <, less than]

Collection| si te1 (plant)
25A
18BE 18BE (curlyleaf 25A
Trace (sedge) (bullrush) __pondweed) (coontail)
element Wet Dry Wet Dry Wet Dry Wet Dry
Alummi rum 5772 120,0 544  6,800.0 1,551.5 14,500.0 1,056.00 8,000.0
Arsenic <0.096 0.2 0.24 3.0 0.35 3.3 0.81 6.1
Barium 61,09 127.0 9.92 124.0 17.87 167.0 28,64 217.0
Beryllium <0481 <0.1 016 0.2 041 0.38 0.03 0.24
Boron 23.57 49,0 536 6.7 642 6.0 8.43 26.0
Cadmium 0.0%  0.07 015 009 | 0% 0.3 026 0.2
Chromium 0481 0.1 344 4.3 0.9% 8.8 57 4.3
Copper 1.09 2.28 0.6 7.5 0.96 8.96 1.13 8.55
Iron 45,70 95.0 296.8 3,710.0 700.85 6,550.0 627 4,750.0
TLead <0.193 0.4 0.32 4,0 0.86 8 0.59 4.5
Magnesium 553.15 1,150.0  266.4  3,330.0 \ 655.54 6,220.0 452,76  3,430.0
Manganese 208,75 434 23.6 295.0 | 120,91 1,130.0 419.76  3,180.0
Mercury 0.010 0,021 002 0,024 | 005 0,043 004 0.03
Molybdenum <,481 <1 0.08 1.0 <, 107 <1.0 <{.264 <2
Nickel 0,40 0.84 0.312 3.9 .78 7.3 .713 5.4
\’

Selenium 048 0.1 0.008 0.1 0,011 0.1 0132 0.1
Silver 0.962 2 0.16 2.0 214 2.0 « 264 2
Strontium 67.34 140.0 33.52 419 45,26 423 25.48 193.0
Tantalum <.1924 <0.4 £0.05 0.6 <, 075 <0.7 <.053 0.4
Vanadium 1443 0.3 0.74 9.3 1.71 16,0 1.98 15.0
Zine 4.65 9.66 9.4 118.0 26.00 243,0 14,52 110.0
Moisture 51.9 92.0 89.3 86.8

content (percent)

1

Locations shown in figure 6.
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Table 22.—~Geometric mean concentrations and concentration ranges for selected trace elements in bird

tissue and bird eggs collected from the Bosque del Apache National Wildlife Refuge, 1988

[Results in micrograms per gram wet-weight, Values for eggs
are from composite samples.

—, no data; <, less than]

Geonmetric mean concentrations Number
(concentration ranges) of
compos—
Sample Arsenic Cadmium Copper Lead Mercury Selenium ites
Bird livers and kidneys (combined)
Mallard! 0.059 - 2%.0  <2.0 0.19 1.8 4
9 (0.038-0.072) (<0,1-0.12) (3.98-60.0) =) (0.061-0.238) (0.8-2.4)
Mallard 0.063 _ 21.65 2.0 0.175 1.3 4
(0.033-0.073) (K0.1-0.24) (10.2-54.4) (—) (0.134-0.31) (1.3-1.3)
Goot ! 0.24 — 7.8 <.0 0.162 0.8 4
9 (0.178-0.302) (£0.1-0.12) (5.48-8.12) (=) (0.125-0.216) (0.7-0.9)
Black—n?cked 0.041 —_ 4,65 2.0 0.31 1.95 4
stilt (0.024-0,046) (<0.1-0.10) (4.12-5.3) () (0.19-0.44) (1.8-2.1)
Black-nx 0.036 — 3.52 2.0 0.56 0.9 4
stilt (0.034-0.042) (<0.1-0.8) (2.54-3.84) (=) (0.055-0.058) (0.7-1.0)
= (=) (=) (= (= (=
Bird eggs
Mallard 0.03 <0.1 1.07 2.0 0.053 0.35 5
(0.026-0.032) (0.66~1.28) (0.034-0.096) (0.30-0.40)
Coot 0.073 <0.1 0.70 <2.0 0.051 0.2 5
(0.052-0.098) (0.52-0.78) (0.04-0.363) (<0.1-0.2)
Black-necked 0.025 <0.1 1.30 2.0 0.11 0.66 5
stilt (0.022-0.030) (1.14~1,52) (0.084-0.32) (0.5-0.8)

t developmental stage.

Tmmature developmental stage.
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Table 23.—Geometric mean concentrations and concentration ranges for selected trace elements in fish,

aquatic invertebrates, and plants collected fram the Bosque del Apache Mational Wildlife

Refuge, 1988

[Results in micrograms per gram wet-weight. Values are from composite samples.

<, less than; —, no data]
Geometric mean concentrations Number
(concentration ranges) of
compos-
Sample Arsenic Cadmium Copper Lead Mercury Selenium ites
Fish
Carp 0.1 <0.1 2.0 K2.0 -_ 0.2 4
(0.084-0.22) - (0.56-5.36) (—) (<0.025=<0.025) (0.2-0.2)
Panfish 0.09 <0.1 0.98 K2.0 0.05 0.22 4
(Centrarchidae) (0.078-0.113) -) (0.68-1.4) (—) (0.025-0.088)  (0.2-0.3)
Threadfin shad 0.598 <0.1 1.1 <2.0 <0.025 0.2 1
=) (= (= (=) (=) ()
Mosquitofish 0.16-0.16 <0.1 1.79-1.79 K2.0 0.054 0.2 2
(0.152-0.172) (=) (1.4~2.3) (=) (0.052-0.056)  0.2-0.2
Brown bulihead 0.037 <0.1 1.08 <2.0 0.05 0.2 3
(0.028-0.054) - (0.9-1.32) (—) (0.027-0.07)  (0.1-0.3)
Aquatic invertebrates
Dragonfly/damselfly 0.325 <0.1 3.59 K2.0 _ 0.2 4
(Odanata Sp.) (0.24-0.42) (= (2.32-4.74) (—) (<0.025-0:034) (0.2-0.2)
Order Hemiptera 0.215 <0.1 8.68 <2.0 0.05 — 3
(0.134-0.296) (= (5.5-11.3) (—) (0.04-0.068) (<0.1-0.1)
Hemiptera 0.68 <0.1 5.18 K2.0 0.046 <0.1 1
Coleoptera (=) (= (= (=) G G
Crayfish 0.57 — 17.65 <2.0 -_— — 4
(0.48-0.725) (£0.1-1.76) (10.9-33.9) (—) (0.025<0.025) (£0.1-0.2)
Plants
L!eafy pondweed 0.69 <0.1 1.12 <2.0 <0.025 <0.1
(P. foliosus) =) (=) (=) = (=) (= 1
Horned pondweed 0.65 <0.1 1.5 K2.0 - — 3
(Z. palustris) (0.086-0.765) =) (1.08-2.06) (—) (<0.025-0.056) (<0.1<0.1)
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Table 25.~~Organochlorine residues in composite samples of plants collected

from the Bosque del Apache National Wildlife Refuge,

1986

[Results in micrograms per gram dry-weight; ND, not detected]

|

1

Collection site

| _(plant)
18BE
Organochlorine 18BE (curlyleaf 25A 25A
compound {bullrush) pondweed ) (coontail) (sedge)
HCB ND ND ND ND
BHC (total) ND ND ND ND
Alpha-BHC ND ND ND ND
Gamma-~BHC ND qD ND ND
Beta-BHC ND D ND ND
Delta-BHC ND D ND ND
Oxychlordane ND D ND ND
Heptachlor epoxide ND D ND ND
Gamma-chlordane ND D ND ND
Trans-nonachlor ND D ND ND
Toxaphene ND MD ND ND
PCB’s (total) ND ND ND ND
o,p'-DDE ND Nb ND ND
Alpha-chlordane ND NE ND ND
p,p’-DDE ND N ND ND
i

Dieldrin ND Nb ND ND
o,p’'~-DDD ND ND ND ND
Endrin ND ND ND ND
cis-Nonachlor ND ND ND ND
o,p’'-DDT ND ND ND ND
p,p'~-DDD ND ND ND ND
p,p’'-DDT ND ND ND ND
Mirex ND ND ND ND
Dacthal ND ND ND ND
Dicofol ND ND ND ND
Moisture 55.8 91.4 90.4 87.8
content’ (percent)

1

Locations shown in figure 6.
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Table 26.—Organochlorine residues in biological samples collected from the Bosque del Apache
National Wildlife Refuge, 1988

[Results in micrograms per gram wet-weight; ND, not detected]

Oxy- Total
Collection chlor- DDT FCB PCB PCB
sites ! Sample dane p,p,’DDE p,p’'DDD p,p’DDT homologs (CL-5) (CL-7) (CL-8)
184, 18BE, Black-necﬁed stilt ND 2.49 0.10 0.08 2.67 ND 0.20 0.18
triangle (adult)
18BW Black-necked, stilt ND 0.08 ND ND 0.08 ND ND ND
(immature
15B, 24C Mallard 588 ND 0.07 ND ND 0.70 ND ND ND
18D, 24C  Coot egg D 0.27 D D 0.27 D ND D
18BW Black—necked stilt  0.15 2.29 ND ND 2.29 ND ND ND
egg
25A Threadfin shad ND 0.07 ND ND 0.07 ND ND ND
18D, 25A Brown bullhead ND ND ND ND ND 0.15 ND ND

1Locations shown in figure 6.
Composite sample.
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