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""We camped for two days in the neighborhood of the "Sink
of the Humboldt." We tried to use the strong alkaline

water of the Sink but it would not answer. It was like
drinking lye, and not weak lye either. It left a taste

in the mouth, bitter and every way execrable, and a

burning in the stomach . . . The coffee we made of this water

was the meanest compound man has yet invented."

Mark Twain,

Roughing it

"One can get an idea of how it tastes by making a strong
solution of tepid water and bitter salts and adding

several rotten eggs. Such a mixture would produce about
the same effect on the human body as would the water of
the sink. Only dire thirst and the knowledge that one
would have to walk forty miles before coming to real
water could force anyone to take a drink of this

diabolical liquid."

Heinrich Lienhard (1846)
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Reconnaissance Investigation of Water Quality,
Bottom Sediment, and Biota Associated with
Irrigation Drainage in and near Humboldt
Wildlife Management Area, Churchill and
Pershing Counties, Nevada, 1990-91

By Ralph L. Seiler,! Geoffrey A. Ekechukwu,® and Robert J. Hallock?

ABSTRACT

A reconnaissance investigation was begun
in 1990 to determine whether the quality of
irrigation drainage in and near the Humboldt
Wildlife Management Area (WMA), Nevada,
has caused or has potential to cause harmful
effects on human health or fish and wildlife,
or may adversely affect the suitability of
water for other beneficial uses.

Samples of surface and ground water,
bottom sediment, and biota were collected
from sites upstream and downstream from the
Lovelock agricultural area. Samples of each
of the three media were analyzed for a suite
of potentially toxic trace elements, including
selenium. Other analyses included radioactive
substances; major dissolved constituents and
nutrients in water; and pesticide residues
in water, bottom sediment, and biota. Water
samples were collected three times from
March to November 1990, bottom-sediment
samples once during low-flow conditions in
November 1990, and biological samples
during May to July 1990.

Biotoxicity tests to measure the toxicity
of water and sediment from reference sites
and sites that receive irrigation drain water
were conducted using daphnids, fathead-
minnow larvae, mysid shrimp, and
chironomids as the test organisms. Sites were
selected on the basis of the results of onsite
specific-conductance measurements of the
water and tests that measure the toxicity of
the water to a species of marine bacteria.

In areas affected by irrigation drainage,
concentrations of the following constituents
commonly were found to exceed geochemical
baseline values, biological effect levels, or
Nevada standards for the protection of aquatic
life or for the propagation of wildlife: in
water--arsenic, boron, dissolved solids,
mercury, molybdenum, sodium, un-ionized
ammonia, and possibly selenium; in bottom
sediment--arsenic, lithium, molybdenum, and
uranium; and in biota--arsenic, boron,
chromium, copper, mercury, selenium, and
zinc. In the wetlands, selenium appears to be
biomagnified. Uranium concentrations were
substantially higher at the downstream drain-
water sites compared with the upstream refer-
ence sites and exceeded drinking-water
Maximum Contaminant Levels proposed by
the U.S. Environmental Protection Agency;
however, surface water is not used for public
water supply in the area. Pesticide (DDE and
DDD) concentrations in bottom sediment were
at the analytical reporting limit, and no pesti-
cides were detected in fish from areas
receiving irrigation drain water.

lus. Geological Survey
2 U.S. Fish and Wildlife Service
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Biological effects observed during this
reconnaissance included reduced insect diver-
sity in sites receiving irrigation drain water
and acute toxicity of drain water and sediment
to test organisms. Habitat degradation at
Humboldt WMA has resulted from reduced
water deliveries to the wetlands caused by
drought and upstream consumption of water
for irrigation. Water and sediment samples
from some drains are acutely toxic to fish and
insects and may not support food chains
essential to some migratory birds.

High concentrations of arsenic in drain
water and bottom sediment probably are the
result of historical mining activities near
Humboldt WMA. High selenium concentra-
tions measured in waterfowl tissue probably
are the result of irrigation drainage; however,
this investigation did not identify the exposure
pathway with certainty.

INTRODUCTION
Background

During the last several years, there has been
increasing concern about the quality of irrigation
drainage and its potentially harmful effects on
human health, fish, and wildlife. Concentrations
of selenium greater than those specified for the
protection of aquatic life (U.S. Environmental
Protection Agency, 1987) have been detected in
subsurface drainage from irrigated land in the
western San Joaquin Valley in California. In
1983, mortality, birth defects, and reproductive
failures in waterfowl were discovered by the U.S.
Fish and Wildlife Service at the Kesterson Nation-
al Wildlife Refuge where San Joaquin Valley
irrigation drain water was impounded. In addition,
other potentially toxic trace elements and toxic
pesticide residues have been detected in other
areas in the Western States that receive irrigation
drainage.

Because of concerns expressed by the U.S.
Congress, the Department of the Interior (DOI)
started a program in October 1985 to identify the
nature and extent of irrigation-induced water-
quality problems in the Western States. The DOI
formed an interbureau group known as the "Task

Group on Irrigation Drainage." The task group
identified study areas that relate to three specific
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.

Initially, the Task Group identified 19 areas
in 13 states that warranted reconnaissance investi-
gation. Nine of these nineteen areas were selected
for investigations during 1986-87:

Arizona-California: Lower Colorado River Valley
California:  Salton Sea Area
Tulare Lake Bed Area
Montana: Sun River Area
Milk River Basin
Nevada: Stillwater Wildlife Management
Area
Texas: Lower Rio Grande and Laguna

Atascosa National Wildlife
Refuge
Utah: Middle Green River Basin
Wyoming: Kendrick Reclamation Project
Area
Reports for these nine reconnaissance investiga-
tions have been published. Based on results of
these investigations, four detailed studies began
in 1988: Salton Sea Area, Stillwater Wildlife
Management Area, Middle Green River Basin, and
the Kendrick Reclamation Project Area.
Eleven more reconnaissance investigations
were initiated in 1988:

California:  Sacramento Refuge Complex
California-Oregon: ~ Klamath Basin Refuge Complex
Colorado: Gunnison River Basin/Grand

Valley Project
Pine River Area

Colorado-Kansas: Middle Arkansas River Basin

Idaho: American Falls Reservoir

New Mexico: Middle Rio Grande 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

2 Reconnaissance Investigation of Humboldt Wildlife Management Area



Detailed studies for three sites began in 1990-91:

California-Oregon:
Montana:
Colorado:

Klamath Basin Refuge Complex

Sun River Area

Gunnison River Basin/Grand
Valley Project

This reconnaissance investigation was one of five
initiated in October 1989 and in October 1990:

Oregon-Idaho: Owyhee-Vale Reclamation
Project Areas
Nevada: Humboldt River Area
Colorado: Dolores-Ute Mountain Area
New Mexico: San Juan River Area
Washington: Columbia River Basin

The reconnaissance investigation of the
Humboldt River Area was conducted by an inter-
bureau team composed of a scientist from the U.S.
Geological Survey as team leader, and additional
U.S. Geological Survey, U.S. Fish and Wildlife
Service, and U.S. Bureau of Reclamation scientists
representing several disciplines.

State and Federal biologists have observed
that the Humboldt WMA near Lovelock, Nevada,
is an ecosystem in decline. Macroinvertebrate
diversity is low, and reptiles and amphibians are
very rare in the wetlands. Salt-tolerant vegetation
such as muskgrass has replaced pondweed in parts
of the wetlands. Bird epizootics in the 1970’s and
1980’s at the Humboldt WMA killed thousands of
birds. The effect of irrigation drainage on water
and biota was demonstrated at nearby Stillwater
WMA during a reconnaissance investigation of
that site (Hoffman and others, 1990). The
Humboldt WMA was selected for a reconnaissance
investigation, in part, because of its ecological and
hydrologic similarity to Stillwater WMA.

As with all the reconnaissance investigations,
this study was designed to determine if 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. It
included the collection and analysis of physical
and chemical data from 11 surface-water sites and
1 shallow ground-water site from March to
November 1990. Biological data were collected at
11 surface-water sites.

Purpose and Scope

This report describes the results of the 2-year
reconnaissance investigation of irrigation-related
contaminants and their effects within and near the
Humboldt WMA. The report documents the con-
centrations of organic and inorganic constituents in
water, bottom sediment, and biota in the wildlife
areas and relates analytical results to various
Federal and State water-quality regulations, criteria
and other numerical guidelines, and reference
information. The report also documents biological
assessment of sites on the Humboldt River, as well
as the acute toxicity of water and bottom sediment.
To facilitate comparison of data between the
similar ecological and hydrologic settings, the
presentation of results in this report follows, in
general, that used by Hoffman and others (1990)
in the reconnaissance investigation at the nearby
Stillwater Wildlife Management Area.

Acknowledgments

The authors of this report gratefully acknowl-
edge the following individuals who provided valu-
able assistance and information during the course
of this investigation: Al Tenente, Lovelock; Ben
Hodges, Pershing County Water Conservation
District, Lovelock; Norman R. Saake, Nevada
Department of Wildlife, Fallon.
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GENERAL DESCRIPTION OF THE
STUDY AREA

Location

Lovelock Valley, about 70 miles northeast of
Reno, is in west-central Nevada in the Lovelock
Valley hydrographic area (Rush, 1968, plate 1) of
the lower Humboldt River Basin (fig. 1). The
valley extends southward from Rye Patch Dam on
the Humboldt River to the Humboldt Sink (fig. 2).
The area is about 45 miles long and 18 miles
wide; its total area is about 740 square miles. The
principal city in the area is Lovelock, which had
a population of 2,330 in 1990.

The Humboldt WMA is located in the
Humboldt Sink and covers 36,235 acres; 18,179
acres of this is leased from the U.S. Bureau of
Reclamation and 18,056 acres is leased from the
Southern Pacific Railroad (Norman A. Saake,
Nevada Department of Wildlife, written commun.,
1990). The present (1990) wetland area averages
about 12,850 acres. The wetland area within the
WMA includes Toulon Lake and the upper and
lower parts of Humboldt Lake (fig. 2).

In this report, the term "study area" refers to
Lovelock Valley, which includes the Humboldt
WMA. However, two reference sites on the
Humboldt River upstream of Lovelock Valley are
also included in the study. These sites were sam-
pled to provide baseline information on biological
habitats similar to those found in the Humboldt
WMA. They also provided a source of dilution
water for aquatic biotoxicity tests.

History of Lovelock Valley

The margins of the Humboldt Sink have been
occupied by humans for about 9,000 years (Bard
and others, 1979, fig. 17). Granite Point and
Ocala and Lovelock Caves near the Humboldt
Sink are sites of archeological importance. Bard
and others (1979) list and describe numerous
archeological investigations done in the Humboldt
Sink.

Peter Ogden, an explorer for the Hudson Bay
Company, led the first expedition to visit the
Humboldt Sink in 1828. The Native American
Indians living there described the geography
between the Humboldt Sink and Sierra Nevada
to him (Bard and others, 1979, p. 13). Joseph
Walker led the second and third expeditions into
the area in 1833-34.

Between 1841 and 1869, emigrant parties
commonly used a section of the Overland Trail
that follows the Humboldt River to the Humboldt
Sink. Thousands of cattle, oxen, and horses and
hundreds of men, women, and children died in this
section of the Overland Trail. The Humboldt Sink
was the last source of marginally potable water
before the Forty-Mile Desert--the feared, barren
land between the Humboldt Sink and the Carson
or Truckee River. With the completion of the
transcontinental railroad in 1869, the misery of the
Humboldt River and Sink ended for the emigrants.

The site of Lovelock was initially a station on
the overland stage and later a station on the trans-
continental railroad. The first permanent settler
was James Blake in 1861, followed by George
Lovelock and others the next year (Thompson and
West, 1881). By 1880, about 400 people inhab-
ited the valley around the town--most engaged in
stock-raising and farming.

Agriculture

The Lovelock agricultural area contains about
39,600 acres of irrigable land (fig. 2), of which an
average of about 30,860 acres were irrigated be-
tween 1968 and 1978 (Water and Power Resources
Service, 1981). Alfalfa hay and seed alfalfa are
the principal irrigated crops in both acreage and
revenue. In Pershing County in 1989, about
30,000 acres of alfalfa produced a crop revenue of
$174 million (Nevada Agricultural Statistics
Service, 1990). The Lovelock agricultural area is
by far the largest agricultural area in Pershing
County. Much of the hay is used for feeding the
large numbers of cattle and sheep brought in from
the upper Humboldt Basin and the Central Valley
of California (Water and Power Resources Service,
1981).

4 Reconnaissance Investigation of Humboldt Wildlife Management Area
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Pesticides are not used extensively in the
study area. Carbofuran is used to control weevils
and aphids. Herbicides, principally 2,4-D, are
used to control broadleaf weeds.

Irrigation in the area began with the first
settlers in 1862. Storage of irrigation water in the
Humboldt River Basin began in 1911 (Water and
Power Resources Service, 1981) with the construc-
tion by the Lovelock Light and Power Company
of the Pitt and Taylor Reservoirs, located about 38
miles north of Lovelock. The U.S. Bureau of
Reclamation investigated other potential reservoir
sites and in 1933 selected the Rye Patch Dam site,
which is 26 miles upstream from Lovelock. Rye
Patch Dam is an earth-fill, rock-faced structure
that was completed on June 1, 1936. Rye Patch
Reservoir has a storage capacity of 213,000 acre-ft
of water (Water and Power Resources Service,
1981). The water rights to the Pitt and Taylor
Reservoirs were purchased by the Pershing County
Water Conservation District in 1945. The reser-
voirs provide a reserve storage of 35,000 acre-feet
of water to support the operation of Rye Patch
Reservoir. The operation and maintenance of the
Humboldt Project were transferred from the U.S.
Bureau of Reclamation to the Pershing County
Water Conservation District in January 1941. The

first stored water was delivered to the Humboldt
Project that same year.

Wetlands

The wetlands in the Humboldt Sink probably
were, and continue to be, highly variable in size
on an annual basis. Between 1949 and 1973, the
combined wetlands within the Humboldt Wildlife
Management Area (WMA) averaged about 12,850
acres (Hallock and others, 1981, p. 18). The most
common plants in the wetlands include alkali
bulrush, cattails, sago pondweed, and muskgrass.

Prior to agricultural development in the region
in the late nineteenth century, most of the water of
the Humboldt River flowed unregulated to the
wetlands. At that time, the Humboldt Sink wet-
lands probably averaged about 58,000 acres, or

about 4.5 times greater than the present (1990)
area (Hallock and others, 1981, p. 13). Wetlands
were extensive, and the lower valley was a large
meadow. Dikes were built along the lower
Humboldt River, and wetlands were drained for
crops; what was formerly the Big Meadow became
the Lower Valley agricultural area.

The Humboldt WMA has three wetlands
units: upper Humboldt Lake, lower Humboldt
Lake, and Toulon Lake. The water depth in the
lakes typically ranges between 2 and 18 inches
(Norman A. Saake, Nevada Department of Wild-
life, written commun., 1990). The Humboldt Lake
has been much deeper at times; soundings in the
central part of Humboldt Lake in July 1882 re-
vealed a uniform depth of 12 feet (Russell, 1885).

Toulon Lake is about 4 feet higher than
Humboldt I.ake and is not directly fed by the
Humboldt River. Prior to agricultural develop-
ment of the area, Toulon lLake was intermittent
and filled by spillover from Humboldt Lake. A
map of the area made during an archeological
exploration of Lovelock Cave in 1924 does not
show standing water at the present Toulon Lake
(Loud and Harrington, 1929, plate 1). In the late
1930’s to early 1940’s--prior to the completion of
Toulon Drain--it was an alkali playa (Norman A.
Saake, Nevada Department of Wildlife, oral
commun., 1991).

The wetlands are characterized by wet and
dry cycles. In 1846, emigrant James Clyman
wrote, "this whole region is now intirely (sic)
dried up and has the most thirsty appearance of
any place I ever witnessed" (Curran, 1982, p. 136).
Emigrants writing in 1850 and 1852 described
Humboldt Lake as about 5 miles long and 1.5
miles wide, and Horace Greely in 1859 described
Humboldt Lake as "A fine sheet of clear water,
perhaps fifteen miles in length forty in circumfer-
ence" (Curran, 1982, p. 136). Russell (1885,
p. 66) reports, "In the summer of 1882, Humboldt
Lake covered an area of about 20 square miles,
did not overflow, and although somewhat alkaline
was inhabited by both fish and mollusks, and was
sufficiently pure for human use."
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The Humboldt WMA was established in 1954
and is managed by the Nevada Department of
Wildlife as a feeding and nesting area for
migratory birds that use the Pacific flyway.
Humboldt WMA is only about 20 air miles north
of Stillwater National Wildlife Refuge, and birds
from the two areas intermingle. Water-related
public uses of Humboldt WMA include waterfowl
hunting, birdwatching, and fishing.

Many wildlife species depend on the
Humboldt Sink wetlands. Common waterfowl
using the area include the Canada goose (Branta
canadensis), northern pintail duck (Aras acuta),
mallards (A. platyrynchos), and cinnamon teal
(A. cyanoptera). The white-faced ibis (Plegadis
chihi), which periodically nests in the Humboldt
Sink, is a species of national concern because of
its declining population. Threatened and endan-
gered species present include bald eagles
(Haliaeetus leucocephalus) and peregrine falcons
(Falco peregrinus). Loud and Harrington (1929)
reported that "In spring and summer many thou-
sands of pelicans are to be seen at the lake...."

Between 1969 and 1990, an average of 255
breeding pairs of ducks were in the Humboldt
WMA, and the peak recorded was 1,049 breeding
pairs (Norman A. Saake, Nevada Department of
Wildlife, written commun., 1990). The average
annual peak numbers during 1970 to 1989 were
47,722 for coots, 921 for Canada geese, and
11,567 for pintail ducks.

Migratory birds flying along the Pacific
flyway through Nevada depend on the wetlands in
the Humboldt, Stillwater, and Fernley Wildlife
Management Areas (fig. 1) as important sources of
water and food. In unusual circumstances, the
Humboldt WMA may become the most utilized
waterfowl area in Nevada (Hallock and others,
1981). This happened during 1977, when a
drought affected the headwaters of the Carson and
Truckee Rivers in the Sierra Nevada much more
than it affected the headwaters of the Humboldt
River in northeastern Nevada.

Indications that habitat degradation is occur-
ring at the Humboldt WMA include the following:

*  Migratory-bird epizootics killing thou-
sands of birds (Vega, 1987)

* Changes in the emergent vegetation caused by
flooding during the mid-1980’s and the subse-
quent drought; bulrush (Scirpus acutus and S.
poludosus) and cattail (Typha sp.) populations
have declined and salt cedar (Tamarix gallica)
populations have increased; salt cedar now
grows on the dry lake bed (Norman A. Saake,
Nevada Department of Wildlife, oral
commun., 1991)

¢ Changes in submergent vegetation in upper

Humboldt Lake resulting in less sago pond-

weed (Potamageton sp.) and more salt-

tolerant species such as muskgrass

(Chara sp.).

Lack of species diversity in the wetlands.

Reptiles and amphibians are rare in the wet-

lands; mollusks were reported living in

Humboldt Lake in 1882 (Russell, 1885), and

Loud and Harrington (1929) identified the

mussel and snail shells found there, but no

mussels were found living in the Humboldt

Sink during 1990.

Climate

Most of western Pershing County is classified
as mid-latitude desert with cold winters and hot
summers. For the period 1930-52, the average
daily minimum temperature at Lovelock in January
was 16.6°F, and the average daily maximum in
July was 94.7°F (Langan and others, 1965). Both
the Sierra Nevada and the Trinity Mountain ranges
to the west form a rainshadow that allows little
moisture to fall in Lovelock Valley. The average
annual precipitation from 1891 to 1989 was 5.48
inches (National Climatic Center, 1989), whereas
the average annual evapotranspiration (ET) rate for
open water, marshes, meadows, and mudflats in
the nearby Stillwater area has been reported to be
about 54 inches (Morgan, 1982, p. 33). Average
evaporation from open water in Rye Patch Reser-
voir was reported as 72 inches per year (Langan
and others, 1965, p. 82).

8 Reconnaissance Investigation of Humboldt Wildlife Management Area



Prehistoric Lake Lahontan

Late in the Pleistocene Epoch (14,000 to
12,500 years ago), 8,600 square miles of north-
western Nevada and far eastern California was
covered by an inland sea known as Lake Lahontan
(Benson and Mifflin, 1986, p. 1). At its maximum
extent (altitude, about 4,365 feet), the lake inun-
dated the present-day sites of Lovelock and the
Humboldt WMA to a depth of 350-500 feet.

Geology

Lovelock Valley is part of an intermontane
basin that is bordered to the west and east by
mountains--the Trinity, West Humboldt, and
Humboldt Ranges (fig. 2). These mountains are
characteristic basin-and-range fault-block masses
composed of igneous, sedimentary, and metamor-
phic rocks (Johnson, 1977).

The valley floor is underlain by unconsoli-
dated and partly consolidated sedimentary deposits
of alluvial and lacustrine origin (Bredehoeft,
1963). Near-surface sediments consist of gravel,
sand, silt, and clay, with sand- to clay-size parti-
cles dominating. The Humboldt Sink playa is
underlain by thin beds of fine silty sand, silt, and
clayey silt, interbedded with minor evaporate-
mineral deposits (Langan and others, 1965).

Sources of Trace-Element Contaminants

The arsenic, boron, mercury, selenium, and
uranium content of the soils and underlying sedi-
mentary deposits in the Lovelock area are un-
known. The amounts of these elements in soils
depend on many factors, one of which is the
amount of the element in the parent material.
Undoubtedly, some of the sediment deposited in
Lake Lahontan in the Lovelock area originated in
arsenic-, mercury-, selenium-, and uranium-bearing
formations in the Humboldt River Basin.

The Getchell Mine, about 25 miles northeast
of Golconda (fig. 1), could recover considerable
amounts of arsenic directly from milling its pre-
cious metal ores (La Heist, 1964). Samples from
inactive gold and silver mines in the Trinity Range
have assayed as high as 4.45 percent arsenic
(Johnson, 1977, p. 96).

Boron is brought to the earth’s surface in
igneous deposits and thermal water and accumu-
lates in evaporite deposits in arid basins. Garside
and Schilling (1979) present data about several
thermal springs and wells along the Humboldt
River between Golconda and Lovelock. Although
boron data are not available for most of the sites,
a spring near Golconda discharges water contain-
ing 1,100 pg/L of boron. Accumulation of boron
in Nevada marshes is well documented (Smith,
1964), but not in the Humboldt River Basin.

Nevada contains more than 100 mercury
mines--many of which are in the Humboldt River
Basin (Bailey, 1964). A mine near Imlay (fig. 1)
produced 28.6 tons of mercury in 1913-14
(Johnson, 1977, p. 59).

Several selenium deposits are in the Humboldt
River Basin (Davidson, 1964, fig. 30). The
element is associated with epithermal deposits of
antimony in areas near Lovelock and Winnemucca
(Davidson, 1964).  Thirty-seven samples of
kerogen-rich mudstone, siltstone, chert, and dol-
omitic rocks of Ordovician and Devonian age in
central Nevada contained selenium concentrations
ranging from 0.2 to 360 mg/kg, with an average of
32 mg/kg (Poole and others, 1979).

Uranium deposits in Nevada have been
mapped by Butler (1964). Uranium mines and
deposits are most common in the western part of
the State, but two uranium deposits have been
mapped in Pershing County near Rye Patch Reser-
VOIr.

Historical mining activities in the Humboldt
Sink may be the source of some of the trace
elements now found in the wetlands. Two mills
along the west edge of Toulon Lake operated early
this century at Toulon and Toy (fig. 2); between
1915 and 1918, both plants milled tungsten from
nearby mines in the Trinity mountains (Lincoln,
1923). Later, tungsten milling stopped, and one of
the mills was sold and began producing white
arsenic in the 1920°s, using ore from the Irish
Rose mine in Lander County (Lincoln, 1923; La
Heist, 1964). During the operation of these mills,
the present Toulon Lake was an alkaline playa;
tailings could have been deposited or blown into
what is now the lake. Additionally, a small spring
discharges at the site of the Toy mill and may
carry trace elements from tailings into the lake.

General Description of the Study Area 9



HYDROLOGIC SETTING
Lovelock Agricultural Area

Surface Water

Uses of surface water in Lovelock Valley and
vicinity include (1) irrigation for agriculture;
(2) maintenance of waterfowl and fishery habitats;
(3) public recreation, such as hunting, fishing,
birdwatching, swimming, boating, and camping.
Surface water is not used as a source of drinking
water in Lovelock Valley. Irrigation water for the
Lovelock area comes from Rye Patch Reservoir,
which is fed directly by the Humboldt River
(fig. 1). Agricultural land in Lovelock Valley
receives water from the U.S. Bureau of Reclama-
tion Humboldt Project, which is operated by the
Pershing County Water Conservation District.

Between 1936, when Rye Patch Dam was
completed, and 1990, the mean annual release
from Rye Patch Reservoir--measured at the
Humboldt River below Rye Patch gaging station--
has been 183,800 acre-ft per year, and the median
discharge has been about 126,000 acre-ft per year
(fig. 3). The maximum discharge was 1,452,000
acre-ft in 1984; the discharge along the main stem
of the Humboldt River in that year was extraordi-
nary and is considered as greater than a 100-year
flood (Moosburner, 1986). The minimum release
was 21,150 acre-feet in 1955.

During the 1990 water year,1 67,950 acre-feet
were released from Rye Patch Reservoir (fig. 3).
The data collection for this study took place
during a drought; the annual discharge in 1990 has
been exceeded in more than 90 percent of the
years since completion of the Rye Patch Dam.

From November to the end of March, usually
no water is released from Rye Patch Reservoir
(fig. 4). During these months, the only water in
the drains and river is ground-water inflow and
releases from the Lovelock sewage-treatment plant.

1 The term "water year" refers to the 12-month period
October 1 through September 30 during which a complete
annual hydrologic cycle nomally occurs. The water year is
designated by the calendar in which it ends. Thus, the year
ending September 30, 1990, is called the "1990 water year."

Water released for agricultural use or spilled
for flood control from Rye Patch Reservoir is
routed through the Lovelock agricultural area. A
schematic diagram of the flow systems that com-
prise the Humboldt Project is shown in figure 5.
This schematic oversimplifies the true flow system
that includes nearly 50 miles of main canals, 100
miles of lateral connecting drains, and 130 miles
of open return drains (U.S. Bureau of Reclamation,
1961, p. 2).

The main source of water for Humboldt
WMA is agricultural drainage from about 39,600
acres of irrigable lands in Lovelock Valley. In-
flows to the Humboldt WMA maintain an average
of about 12,850 acres of wetlands. Everett and
Rush (1965, table 7) presented a water budget for
Lovelock Valley for 1936-61. They estimated the
following recharge to the Humboldt Sink:

Source of flow to Amount of flow

Humboldt Sink (acre-ft/yr)
Humboldt River water 51,000
Irrigation drain water 42,000

Ground water from Lovelock Valley 2,000
The flow of irrigation drain water to the sink was
estimated by subtracting the estimated consump-
tive use by irrigated crops from the estimated
water applied to the crops. The actual quantity of
irrigation return flows that reach the wetlands is
not known, because streamflow to the Humboldt
and Toulon Lakes is inadequately monitored.
Direct flow of Humboldt River water to the
sink only occurs during high flow years; usually
all Humboldt River water is used for agriculture,
and only irrigation return flow reaches the sink.
During operational spills, the water is routed
through the canals and drains to Humboldt and
Toulon Lakes. These infrequent spills and excep-
tionally wet years can bring abundant good-quality
water to the Humboldt WMA that flushes the
wetlands and removes accumulated salts.

2 An interesting note on how the perceived importance of
wetlands has changed in the last 25 years is given by Everett
and Rush (1965, p. 2) who state, "An average of about 50,000
acre-feet per year of good quality flood water has wasted to the
Humboldt Sink."
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Figure 3. Annual release of water from Rye Patch Reservoir measured at Humboldt River near Rye Patch gaging
station (10335000}, water years 1936-91. (No data available for 1943-44).

During abnormally high flow vears (for exam-
ple, 1982-84 in fig. 3), the Humboldt Sink over-
flows into the Carson Sink. During the 1940’s,
the drainage channel between Humboldt Sink and
Carson Sink was dredged 10 permit larger flows
(U.S. Bureau of Reclamation, 1984, p. 1). The
water in these closed basins ultimately dissipates
by evapotranspiration; thus, the dissolved constitu-
ents in the water tend 10 concenirate over time.

Beginning in December 1951, the U.S.
Geological Survey collecied water samples for
chemical analysis from the Humboldt River at a
eaging staion immediately below Rye Paich
Reservoir (station 10335000). Collection of water-
quality samples on a routine basis was discontin-

ued in 1986. The dissolved-solids concentration
of the water rcleased from the reservoir varied
greatly between 1952 and 1990 (fig. 6). Dis-
solved-solids concentrations exceeding 1,000 mg/L
have been associated with droughts and periods of
low discharge from the reservoir. Storage of river
water in Rye Patch Reservoir increascs the
dissolved-solids concentration and changes the
chemical composition through evaporation and
through dissolution of minerals in the underlying
Lake Lahontan sediment. The chemical composi-
ton of the water rcleased from the reservoir is
predominantly sodium bicarbonate with a median
dissolved-solids concentration of 550 mg/L
(fig. 7).
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Figure 4. Daily mean release of water from Rye Patch Reservoir measured at Humboldt River near Rye Patch gaging
station (10335000), 1988-90. irrigation season indicated by shading.

The earliest known chemical analysis of water
from the Humboldt Sink was made in summer of
1882. Dissolved-solids concentration in the water
was about 900 mg/L and the predominant constitu-
ents were sodium, chloride, and bicarbonate
(Russell, 1885, p. 67). The Humboldt Sink was
full at this time, and the lake had a uniform depth
of about 12 feel in the central part.

Analyses were made of composite samples
from Toulon and Army Drains in 1948 and 1949
by the U.S. Bureau of Reclamation Regional
Laboratory (data on file in the offices of Nevada
Department of Wildlife, Fallon, Nev.). The
dissolved-solids concentrations in Toulon Drain
were 2,100 mg/L in 1948 and 1,900 mg/L in
1949; in Army Drain, the concentrations were
4,640 mg/L in 1948 and 4,470 mg/L in 1949. The
dominant constituents in all cases were sodium
and chioride.

Between 1975 and 1976, chemical analyses
were made of water from thg Humboldt River near
Lovelock (gaging station 1336000; data on file in
the offices of Nevada Department of Wildlife,
Fallon, Nev.). This site is located downstream of
most of the imrigated land and contains mostly
irrication return flow. During times of high dis-
charge, water quality in the Humboldt River below
the irrigated areas resembles that of water released
from Rye Patch Reservoir (fig. 8). As discharge
in the Humboldt River below Lovelock decreascs
10 less than 100 fi%/s, dissolved-solids concentra-
tions are usually several hundred milligrams per
liter greater than in the water being released from
Rye Paich Reservoir. The greatest concentrations
in the Humboldt River near Lovelock--4,800 and
7,700 mg/L--were measured when discharge was
24 fi3/s. The principal constituents in the water
at these low flows were sodium and chloride.

12 Reconnaissance Investigation of Humboldt Wildlife Management Area
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Ground Water

Both shallow and deep aquifers are present in
the Lovelock area (Robinson and Fredericks,
1946). Water in the deep aquifer is under artesian
pressure. Recharge to the ground water is primar-
ily infiltration of Humboldt River water and runoff
from the surrounding mountains (Robinson and
Fredericks, 1946). The water supply for the city
of Lovelock is ground water from the Oreana arca
1o the north of Lovelock (fig. 2).  Ground waler
in irrigated areas is not used extensively, and
private wells no longer provide drinking water to
the residents of Lovelock Valley.

Shallow ground-warer levels in the Lovelock
agriculwural arca have nisen in some areas and de-
clined in others as a consequence of irrigation, but
the amount of change is not known. During the

nincteenth century, before the land was developed
for agriculire, Lower Valley was called Big
Meadows and walter levels were undoubtedly
higher. Dikes were built along the river to prevent
flooding. Open drains, 15-20 feet deep, were dug
to drain the soil. In Upper Valley, scepage from
the canals, laterals, and irrigated ficlds has caused
water levels to rise.  Well owners in the upper
valley report that shallow wells go dry when the
canals arc dry for extended periods.

Scasonal changes in water level in shallow
aquifers probably are similar to those in the nearby
Fernley and Fallon arcas.  During the irrigation
scason in Fernley (mid-March to mid-November).,
the water level rises and usually reaches @ maxi-
mum about Scptember. The water level then
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eradually declines during the non-irrigation sca-
son and reaches a minimum about April (Sinclair
and Loeliz, 1963, p. AA10-AA12). Water levels
in shallow wells in an imrigated area south of
Fallon show a gradual decrease between Novem-
ber 1984 and April 1985 with an abrupt rise
associated with the delivery of irrigation water
(L.ico and others, 1986).

In Lovelock Valley, the lcast mineralized
ground water is north of Lovelock near Oreana
(fig. 2) and thc most mineratized water is in the
extreme southern end of the valiey near Humboidt
Lake. In 1946, a deep (432 feet) well near Orcana

had a dissolved-solids concentration of 283 mg/L,
and in the 1930's, water from shallow (14.5 feet)
and deep (212 feet) wells near Humboldr Lake had
dissolved-solids concentrations of 2,978 and 3,368
mg/L, respecuvely (Robinson and Fredericks,
1946). The predominant chemical constituents in
water from both these wells were sodium and
chloride. Insufficient data arc available to charac-
terize changes in water quality with depth in
irrigated arcas ncar Lovelock: however, the shal-
low water is probably less mincralized than the
deep water, which has been in coniact with the
aquifer matenal longer.
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The best quality water in the drains occurs
during the irrigation season, when overland runoff
of applied water and operational spills--which have
relatively low dissolved-solids concentrations--are
the principal water sources. For a short time after
the irrigation season ends, usually in November,
much of the water in the drains is ground-water
inflow of recently applied irrigation water. Water
in the drains at this time probably is of better
quality than right before the irrigation season
starts. In February and March, water in the drains
originates in deeper parts of the aquifer and
probably is of poorer quality because it has been
in contact with the aquifer material longer and has
had more time to dissolve minerals.

Wetlands

Irrigated land in Lovelock Valley and adjacent
wetlands are maintained almost entirely by the
Humboldt River. The wetlands obtain water from
operational spills or controlled releases from
irrigation canals, surface and subsurface agricul-
tural return flow from flood-irrigated land, treated
domestic wastewater from Lovelock, and episodic
precautionary flood releases from Rye Patch
Reservoir. A small spring discharges on the
western edge of Toulon Lake near Toy; the source
of the water is not known, but it probably origi-
nates in the Trinity Mountains to the west.

Large discharges from Rye Patch Reservoir
during 1983-86 (fig. 3) were precautionary flood
releases because of above-normal precipitation in
the headwaters of the Humboldt River. During
this period, the Humboldt Sink was full, some
agricultural land flooded, and water flowed into
the adjacent Carson Sink. Below-average amounts
of runoff from the upper Humboldt River Basin
during 1987-90 resulted in an almost complete
disappearance of standing water in the Humboldt
Sink and the near emptying of Rye Patch Reser-
voir in the summer of 1990. Such wet and dry
cycles have occurred in the past.

Pioneers commented on the execrable water in
the Humboldt Sink even before Lovelock Valley
was settled (see frontispiece). The hydrologic
setting alone explains some of the water-quality
problems in the wetlands of the Humboldt Sink.
The same hydrologic processes operating in the
Stillwater WMA (Lico, 1992) also operate in the

Humboldt WMA,; they are briefly described here.
Wetlands in the Stillwater and Humboldt WMA'’s
are terminal; that is, water that flows to them
remains there until it is eventually lost to the
atmosphere by evapotranspiration. The very high
evapotranspiration rates in the irrigated areas and
wetlands result in high dissolved-solids concentra-
tions developing in the wetlands, especially during
drought years. Similarly, trace elements that
accumulate over time in the wetlands can poten-
tially reach toxic concentrations, especially nowa-
days because agricultural development of the area
has resulted in less water reaching the wetlands to
dilute the trace elements. Furthermore, application
of water to former desert land converted to agri-
cultural use accelerates leaching of soluble miner-
als (National Research Council, 1989. p. 39),
which can increase concentrations of soluble toxic
elements in the present wetlands.

PREVIOUS STUDIES

Several reports have described the geo-
hydrology of the Humboldt River Basin, Lovelock
Valley, and the Humboldt WMA. Eakin and
Lamke (1966) described the hydrology of the
entire Humboldt River Basin, and Bredehoeft
(1963) described the geology and physical proper-
ties of aquifers in the lower Humboldt River
Basin. Cohen (1963) described the hydrology of
the lower Humboldt River Valley near
Winnemucca. Miller and others (1953) presented
results of chemical analyses of ground, stream, and
spring water used for irrigation in the entire
Humboldt River Basin.

The hydrology of Lovelock Valley was
described by Everett and Rush (1965), who pro-
vided an estimated hydrologic budget for the
Humboldt River Valley below Rye Patch Dam.
Robinson and Fredericks (1946) described the
ground-water system in Lovelock Valley and
presented results of chemical analyses of water
from several wells.

The effect of irrigation drainage on the nearby
Stillwater WMA was investigated recently at both
reconnaissance and detailed levels (Hoffman and
others, 1990; Rowe and others, 1991; Lico, 1992;
Hallock and Hallock, 1993). The reports included
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data on the occurrence and distribution of poten-
tially toxic chemical constituents in surface water,
sediment, and biota in Humboldt WMA.

Timothy G. Rowe (U.S. Geological Survey,
written commun., 1989) summarized the findings
from the Stillwater reconnaissance investigation
and other studies that related to the Humboldt
WMA. He concluded that toxic trace elements
and dissolved solids may have adverse effects on
human health, fish, and wildlife in the Humboldt
WMA. The Humboldt WMA was selected for a
reconnaissance investigation because of these
concerns and because of its ecological and hydro-
logic similarity to Stillwater WMA..

SAMPLE COLLECTION AND
ANALYSIS

Samples were collected at times correspond-
ing to significant irrigation practices in the study
area and at times related to significant biological
productivity and life-cycle patterns of resident and
migratory species. Data collection began in March
1990. Figure 9 shows the times of sample collec-
tion and their relation to deliveries of irrigation
water. A list of the sites that were used in this
study and the rationale for their selection is pre-
sented in table 1. The locations of the sites are
shown in figures 1 and 10.
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Figure 9. Times of biotoxicity tests and collection of water, bottom sediment, and biological samples relative to changes
in daily mean discharge of water from Rye Patch Reservoir; 1990 irrigation season indicated by shading.
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Table 1. Sampling sites selected for the collection of water, bottom sediment, and biota in the study area and upstream
of the study area, 1990-91

Site No.
(figs. 1 Site location U.S. Geological Survey
and 10) (in downstream order) site identification? Rationale for site selection
CHEMICAL ANALYSIS
Reference Sites
1 Humboldt River near Golconda 10327800 Reference site
2 Humboldt River near Imlay 10333000 Reference site
9 Rye Patch Reservoir 10334500 Reference site; possible source of
arsenic and selenium because of
storage in Lake Lahontan sediment
3 Humboldt River at Upper Valley 10335300 Reference site and initial
Road irrigation input to area; historical
data
Irrigation Drainage Sites
4 Humboldt River near Lovelock 10336000 High arsenic concentrations;
historical data
5 Graveyard Drain at railroad 10335800 Inflow from Upper Valley
6% Lovelock Drain upstream from 10335750 Receives treated sewage effluent
Graveyard Drain, near Lovelock from Lovelock
7 Toulon Drain at Derby Field Road 10336035 Inflow containing high arsenic
concentrations
8 Army Drain at Iron Bridge 10336040 Inflow containing high arsenic
concentrations
10 Toulon Lake (north) 400407118363001 Terminal drainage; wildlife
concerns
11 Upper Humboldt Lake 400009118372001 Terminal drainage; wildlife
concerns
12 Upper Valley Well 401303118261501 Ground-water quality in irrigated

area’
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Table 1. Sampling sites selected for the collection of water, bottom sediment, and biota in the study area and upstream
of the study area, 1990-81--Continued

Site No.
(figs. 1 Site location U.S. Geological Survey
and 10) (in downstream order) site identification? Rationale for site selection

BIOTOXICITY TESTS AND BENTHIC BIOSURVEYS

Reference Sites

1 Humboldt River near Golconda 10327800 Reference site and nearest
biological habitat upstream from
Lake Lahontan sediments.

2 Humboldt River near Imlay 10333000 Reference site and nearest
biological habitat upstream from
irrigated areas

Irrigation Drainage Sites

13 Graveyard Drain 2 - High specific conductance and
Microtox toxicity
14 Rennie Road drain 1 - do.
15 Rennie Road drain 2 - do.
16 Rennie Road drain 3 - do.
17 Army Drain 2 - do.
18 Army Drain at inflow to Humboldt - do.
Lake
7 Toulon Drain at Derby Field Road 10336035 do.
19 Toulon Drain at inflow to Toulon - do.
Lake
20 Toulon Lake (center) - do.

% Many sample sites are assigned a unique identification number on the basis of geographic location. The eight-digit numbers are station
numbers that follow the "downstream order system™: The first two digits, or part number, refers to the drainage basin. The following six digits
is the downstream-order number, which is assigned according to the geographic location of the site in the drainage basin; larger number stations
are downstream from smaller number stations.

The 15-digit numbers are based on the grid system of latitude and longitude. The first six digits denote degrees, minutes, and seconds
of latitude; the next seven digits denote the degrees, minutes and seconds of longitude; the last two digits (assigned sequentially) identify the sites
within a 1-second grid. For example, site 400407118363001 is at 40°04’07" latitude and 118°36°30" longitude and is the first site recorded in
that 1-second grid.

b Only pH, specific conductance, and water temperature were measured at this site.

€ A shallow well for collecting ground-water samples in Lower Valley could not be located.

4 Microtox toxicity is explained in section on biotoxicity tests.
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Three periods were selected for the collection
of water samples:

1. Pre-irrigation season (March): flow in
drains is primarily from deeper, more
regional parts of the shallow ground-
water system; concentrations of dis-
solved constituents in drain water prob-
ably are at their maximum.

2. Mid-irrigation season (July): flow in
drains is mixture of overland runoff of
applied water, operational-spill water,
and inflow from the shallow ground-
water system; concentrations of dis-
solved constituents in drain water prob-
ably are at their minimum; late-nesting
birds are present and algal productivity
is high.

3. Post-irrigation season (November): flow
in drains is primarily from shallower
parts of the shallow ground-water sys-
tem.

Measurements made at the time of sample collec-
tion included water discharge for surface-water
samples, depth to water for ground-water samples,
water and air temperature, dissolved oxygen, pH,
specific conductance, and alkalinity for all
samples.

Bottom-sediment samples were collected in
November 1990. Samples from all sites were ana-
lyzed for trace elements, and samples from the
Toulon and Humboldt Lake sites were analyzed
for organic compounds.

The collection of biological samples was diffi-
cult. Because of the drought and lack of wetlands,
few birds were at the Humboldt WMA during the
hunting season, and no new samples of bird tissue
were collected. Principal collection of biological
samples took place between May and July 1990.
Chemical and biological samples collected during
1986-89 from Lovelock Valley were part of the
Stillwater reconnaissance investigation and results
of analyses were reported by Hoffman and others
(1990) and Rowe and others (1991).

All basic data collected are given in tables 12-
24 in the Supplemental Data section of this report.

Water Samples

The collection of water samples and measure-
ment of field parameters were done according to
the procedures of the U.S. Geological Survey
(1977, chapters 1 and 5), Ward and Harr (1990),
and Edwards and Glysson (1988). The pH meter
was calibrated using pH 7 and 10 buffers. Alka-
linity was measured immediately after sample
collection by incremental titration of filtered water
with 1.60 or 0.160 N sulfuric acid (Barnes, 1964).
Laboratory analyses of water samples included
major dissolved constituents (calcium, magnesium,
sodium, potassium, bicarbonate and carbonate,
chloride, and sulfate); trace constituents (arsenic,
boron, cadmium, chromium, copper, lead, mercury,
molybdenum, selenium, uranium, vanadium, and
zinc); dissolved-solids residue on evaporation at
180°C; and nutrients (ammonium, nitrite, nitrate,
and phosphorus). Analyses of surface and ground
water were made by the U.S. Geological Survey
National Water-Quality Laboratory in Arvada,
Colo., using the methods described by Fishman
and Friedman (1989) and Wershaw and others
(1987). Hardness and dissolved-solids concen-
tration (sum of constituents) were calculated from
the analytical results using equations given by
Fishman and Friedman (1989, p. 227 and p. 459-
460). Results of these analyses and calculations
are shown in tables 12-16 and 19 in the Supple-
mental Data section.

All the un-ionized ammonia values reported in
table 14 were calculated using the equations of
Thurston and others (1974), who assumed zero
salinity. The presence of dissolved minerals in the
water reduces the amount of ammonia that is un-
ionized. Un-ionized ammonia values that exceed-
ed the 0.02-mg/L. criterion for the propagation of
cold-water aquatic life were checked using tables
(Skarheim, 1973) that give the fraction of
ammonia that is un-ionized as a function of dis-
solved-solids concentration, pH, and temperature.

Quality-control procedures of the National
Water Quality Laboratory are described by Fried-
man and Erdman (1982) and Jones (1987). The
types of trace elements analyzed and their report-
ing limits are given in table 2. As part of the
quality-assurance practices, field blanks were
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analyzed. Field blanks are volumes of deionized
water that are exposed to sampling conditions,
treated as samples, and they provide evidence that
contaminants are not introduced during sample
handling in the field or in the laboratory. Expo-
sure to the water-collecting bottle and churn
splitter, filters, chemical preservatives, holding
times, and laboratory processing were the same for
samples and field blanks.

The field-blank data, listed in table 3, show
that nearly all chemical measurements were at or
below analytical reporting limits, indicating that
trace-element contamination of water samples
resulting from sample handling was nonexistent or
insignificant.

The methods for computing estimates of
summary statistics of trace-element and nutrient
data that contain "less-than" values are from Helsel
and Cohn (1988).

Bottom-Sediment Samples

Samples of bottom sediment were collected
from streams, drains, and areas of deposition in
lakes. The samples were collected using either a
large stainless-steel spoon or a hand-held piston-
type sampler (type US BMH-53; Federal Inter-
Agency Sedimentation Project, 1986, p. 97),
depending on the composition of the sediment.
The bottom sediment was sampled to a depth of 2
to 3.5 inches; usually five to seven equally spaced
samples were collected in the cross section of a
stream or drain. In the lakes and reservoirs, 10 to
15 randomly spaced samples were collected from
within a 400-ft® area. The individual samples
were composited in a stainless-steel bowl and
thoroughly mixed using a stainless-steel spoon.
The sample was then put in a pint plastic freezer
carton for trace-element analysis.

Samples of bottom sediment were also col-
lected and composited in this manner for organo-
chlorine compound analysis. After being com-
posited, the samples were sieved in the field
through a 2-mm stainless-steel sieve, using native
water from the site where the sample was
collected, stored in pretreated glass jars, and main-
tained at 4°C until analyzed. Toulon Lake was dry
and the organochlorine compound sample from the
bottom material was not sieved before being
placed in the sample bottle.

Trace-element and percent-carbon analyses of
bottom sediment was done by the U.S. Geological
Survey Environmental Geochemistry Laboratory in
Denver, Colo. The samples were air dried,
mechanically disaggregated, and sifted through a
sieve into two fractions: less than 62 ym and less
than 2 mm. The fractions were then rigorously
digested using hydrochloric acid, hydrofluoric
acid, perchloric acid, and aqua regia (mixture of
hydrochloric acid and nitric acid) prior to analysis.
After digestion, the extracts were processed using
the methods given by Severson and others (1987,
p. 3-4). Laboratory determinations of arsenic,
mercury, and selenium were done by atomic-
absorption spectroscopy (arsenic and selenium by
continuous-flow hydride generation and mercury
by cold vapor); uranium and thorium by neutron
activation; and all others, except boron, by induc-
tively coupled plasma analysis. The rigorous
digestion procedures produced total extractable
elements rather than Dbiologically available
amounts. Boron, however, was extracted using a
hot-water method that extracts an amount approxi-
mate to the biologically available amount in the
sediment. Concentrations are reported in terms of
dry weight (table 17 in Supplemental Data section)
and the reporting limits are given in table 2.

Pesticide analyses, reported in terms of dry
weight, were done by the U.S. Geological Survey
National Water-Quality Laboratory in Denver,
Colo., using the methods described by Wershaw
and others (1987). The results of the analyses are
given in table 18 in the Supplemental Data section.
The trace elements and pesticides analyzed and the
reporting limits are given in table 2.

Biological Samples
Tissues

Biological samples were collected from May
to July 1990 as part of this study and from August
1986 to August 1989 as part of the Stillwater
investigations. The results of the analyses are
given in table 20 in the Supplemental Data section.
All results are given in terms of dry weight. The
sampling locations are shown in figure 10. Em-
phasis was on aquatic plants and insects, whole
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Table 2. Analytical reporting limits for trace elements, radionuclides, and organochlorine compounds in water, in bottom
sediment, and in plant, insect, fish, and bird tissue (modified from Hoffman and others, 1990, tables 4 and 5)

[Abbreviations: pg/g, microgram per gram; pg/L, microgram per liter; pCi/L, picocurie per liter; --, not analyzed]

Analytical reporting limit

Water (ug/L, except as Bottom sediment Tissue?
Constituent indicated) (ug/g, dry weight) (ug/g, dry weight)

Trace Elements

Aluminum 10 - 3
Arsenic 1 1 0.05
Barium 100 10 .1
Boron 10 10 50
Cadmium 1 1 2
Chromium 10 1 2
Copper 10 1 2
Iron 10 1 -
Lead 1 10 2
Lithium 1 1 --
Manganese 10 1 --
Mercury 0.1 0.01 1
Molybdenum 1 1 2
Nickel 1 10 2
Selenium 1 1 1
Silver 1 2 --
Vanadium 1 1 1
Zinc 10 1 1
Radionuclides
Uranium 0.4 0.2 -
Gross alpha (as uranium) 4 - -
Gross beta (as cesium-137) .4 pCi/L - -
Gross beta (as strontium-90/yttrium-90) .4 pCi/L - -
Radium-226 .1 pCi/L - -
Thorium - 2 -
Organochlorine Compounds

Aldrin - 0.1 -
Chlordane - 1.0 0.01
DDD - 1 .01
DDE - 1 .01
DDT - .1 .01
Dieldrin - 1 .01
Endosulfan - 1 -
Endrin - 1 01
Heptachlor -- 1 -
Heptachlor epoxide -- 1 .01
Lindane - 1 -
Methoxychlor - 1 -
Mirex - 1 -
Nonachlor -- -- .01
Ozxychlordane - - 01
PCB - 1.0 1
PCN - 1.0 -
Perthane - 1.0 -
Toxaphene - 10 -

4 Analytical reporting limits for tissue are based on weight of sample. For trace elements, the sample weight is 5.0 g, dry
weight; for organochlorine compounds, it is 10 g, wet weight. For sample weights less than 5 and 10 g, respectively, the
reporting limit is larger than that listed in table.
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Table 3. Dissolved trace-element concentrations in water from field blanks analyzed for quality assurance

[Symbols: pg/l, microgram per liter; --, not analyzed; <, less than]

Date
Dissolved trace element

(ng/l) 3-27-90 7-18-90 11-19-90
Arsenic, as As <1 -- <1
Boron, as B 10 - <10
Cadmium, as Cd <1 <0.1 <1
Chromium, as Cr <5 .6 <1
Copper, as Cu <10 <5 1
Lead, as Pb <10 <5 <1
Mercury, as Hg <0.1 <1 <0.1
Molybdenum, as Mo <10 1 <1
Selenium, as Se <1 - <1
Vanadium, as V <6 <6 <1
Zinc, as Zn 10 4 <3

fish, livers of adult and juvenile birds, and edible
tissue from game birds. Where possible, the same
species were collected from each site; however,
substitutions were made as necessary.

All biological samples were analyzed by the
U.S. Fish and Wildlife Service, Patuxent
Analytical Control Facility, Laurel, Md., and their
contract laboratories; appropriate quality assurance
was documented for each analysis.

Types of laboratory analyses of biological
tissue for selected trace elements and pesticide
residues and the reporting limits are shown in
table 2. The analytical procedures are those
described by U.S. Fish and Wildlife Service
(1985).

Composite samples of vascular plants and
filamentous algae were generally gathered by
hand. Plant species and tissues were selected on
the basis of availability and speculated use as a
wildlife food. An exception was rooted portions
of emergents, which required a shovel to extract
and extensive rinsing with pond water. Plants
were stored in plastic bags, chilled, and frozen as
soon as possible. Species included cattail, bul-
rushes, sago pondweed, muskgrass, unidentified
filamentous algae, and an unidentified submerged
plant.

Composite insect samples were collected with
a kick net. Hemipterans were taken from the
water column, placed in nitric acid-washed jars,
chilled, and frozen. Dipteran larvae generally
were found within detrital masses and near-surface
sediment; these were chilled and hand picked over
within 1 to 3 days. Cleansed samples were then
frozen in nitric acid-washed jars. Minimum
sample size for insects was about 0.5 ounce, wet
weight. Six insect samples were collected during
1990 and four samples during 1986-87.

Fish were collected with dip nets, seines, or
gill nets. Carp (Cyprinus carpio) were available in
both reference sites and sites affected by irrigation
drainage. Where possible, approximately 1-pound,
whole fish were taken. In some instances, 4- to
10-ounce fish were taken. During sampling in
1990, game fish were not found in Humboldt
WMA but were taken from the Humboldt River
near Golconda and Imlay. Fish were wrapped in
Saran wrap and placed in Ziploc sealable plastic
bags and maintained on ice until they could be
frozen.

During July 1990, 37 fish were collected for
inorganic analysis, and 15 additional fish were col-
lected for analysis of organochlorine insecticide
residues. Five fish samples were collected from
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Humboldt Lake and Army Drain during 1986-87
as part of the Stillwater investigation. Reporting
limits for organic compounds are shown in table 2.

Fledgling birds were collected with dip nets
from an air boat, and adults with shotguns using
steel shot. Birds were weighed, stored on ice, and
the livers removed in the lab within 2 weeks of
collection. A few whole birds were frozen prior to
liver removal. Livers were removed with sterile
scalpel blades, and rubber gloves were worn
throughout the procedure. Acetone and deionized
water were used routinely to rinse gloved hands
and tools before and after each bird was handled.
The samples were labeled and frozen in jars
washed with nitric acid. Because stilt livers are
relatively small, each sample was composed of
livers from two birds. Field notes of each speci-
men were maintained.

No new bird samples were collected during
1990 as part of this study. Because of drought-
related habitat loss, juvenile water birds were not
available for collection. All 56 bird tissue samples
reported herein were collected during July and
August 1986-89 and analyzed as part of the
Stillwater investigation. American coots (Fulica
americana), mallards, shovelers (Spatula clypeata),
green-winged teal (Anas carolinensis), cinnamon
teal, redheads (Aythya americana), gadwalls (Anas
strepera), and black-necked stilts (Himantopus
mexicanus) were collected from Toulon and
Humboldt Lakes.

Analysis of tissue from juvenile birds, which
had been exposed only to the contaminants in the
study area after hatching, was used to address
accumulation of contaminants within the study
areas. Samples of liver from 22 juvenile American
coots and 28 juvenile black-necked stilts were
collected in 1986-87.

Eggs from 27 coots and 10 ducks were col-
lected in May 1988 from Toulon Lake and ana-
lyzed for trace elements. Embryos in the eggs
were visually examined for deformities.

Archived samples of breast muscle from three
adult ducks were analyzed to determine if contam-
inants accumulated in edible portions. The ducks,
one adult green-winged teal and two adult
shovelers, were collected in 1989 during the
hunting season.

Biotoxicity Tests

Synergystic and antagonistic interactions
between toxic trace elements can cause the toxicity
of water containing a mixture of constituents to be
greater or less than the toxicity of the individual
constituents. Biotoxicity tests were conducted to
obtain information about the actual toxicity of
drain water and sediment--information that cannot
be obtained from chemical analyses alone.

Site Selection

Water from 34 locations in the study area was
screened to select sampling sites for subsequent
detailed biotoxicity tests of various invertebrates
and fish. The sites were evaluated in the field
during May and June 1990 (fig. 9).

The decision whether to conduct biotoxicity
tests at a site was based on specific conductance of
water and indications of toxicity through Microtox
procedure (a test that measures toxicity of the
water to a species of marine bacteria). A thresh-
old of 4,500 uS/cm for specific-conductance values
was selected. If the specific conductance exceeded
4,500 uS/cm, grab samples of the water were
collected and brought back to the laboratory and
their toxicity was measured using the Microtox
procedure. Although in many areas specific trace-
element concentrations are not correlated with
specific conductance, Finger and others (1993)
concluded that the presence of toxic elements
(arsenic, boron, lithium, and molybdenum) was
strongly related to the specific conductance of
drain water at Stillwater National Wildlife Refuge.

The Microtox procedure is a diagnostic
toxicity-testing procedure which uses a freeze-
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