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Reconnaissance Investigation of Water Quality,

Bottom Sediment, and Biota Associated with

Irrigation Drainage in the Columbia Basin Project,

Washington, 1991-92

By S.S. Embrey and E.K. Block

ABSTRACT

During a reconnaissance-level investigation in
1991-92, information was collected to determine if irriga-
tion drainage from the Columbia Basin Project has caused
or has potential to cause harmful effects on human health
or fish and wildlife, or might adversely affect the suitabil-
ity of water for beneficial uses. Results of the study gener-
ally indicated no adverse effects on biota due to trace-
element concentrations in irrigation drainage. However,
boron concentrations in aquatic plants might affect water-
fowl feeding on these plants. Also, arsenic concentrations
in coots were similar to those in mallards exhibiting some
abnormalities after being fed an arsenic-supplemented diet
during laboratory studies.

In surface water, concentrations of dissolved consti-
tuents were small and with few exceptions did not exceed
various standards or criteria protecting humans, freshwater
life, and beneficial uses of the water. Dissolved solids,
nitrate, boron, molybdenum, and vanadium concentrations
generally increased in a downstream direction correspond-
ing to water reuse throughout the Columbia Basin Project.
Concentrations also varied seasonally. During non-irriga-
tion season (November-March) when stream flows are
sustained by return water from tile drains and ground
water, constituent concentrations tended to be larger than
during irrigation season. During irrigation season (April-
October) concentrations are diluted by source water from
the Columbia River. During non-irrigation season dis-
solved solids exceeded 500 milligrams per liter and nitrate
exceeded 10 milligrams per liter in some wasteways in the
southern part of the study area. Most of the types of pesti-
cides analyzed for in the 51 water samples were less than

analytical reporting limits. Of the pesticides detected,
there were 18 detections of insecticides and 31 detections
of herbicides, most of which were observed in the July
samples. The maximum observed dieldrin concentration
(0.014 micrograms per liter) exceeded the chronic crite-
rion for the protection of aquatic life. The herbicide 2,4-D
was detected in more samples than any other pesticide and
in concentrations as large as 1.0 microgram p-r liter.

In bottom sediment, many trace elements of interest
were present only in small concentrations nea- the analyti-
cal reporting limits. One selenium concentration exceeded
4.0 micrograms per gram, a value of concern for wildlife.
Median concentrations of all trace elements of interest
were within the baseline range of concentrations for soils
in the Western United States. The maximum observed
concentrations of selenium, uranium, and marganese
exceeded the upper value of the baseline rang=. Analyses
of bottom-sediment samples indicated that a variety of
pesticides in detectable concentrations are widespread
throughout the study area; 19 of 21 samples had at least 1
detection of some insecticide. Dieldrin, DDT, and DDE
are still prevalent in much of the area. Methoxychilor,
which was applied for mosquito control, was found in
samples from nine of the sites in concentratiors as large as
2.4 micrograms per kilogram.

In biota, particularly in a large percentage of fish,
concentrations of arsenic, boron, cadmium, cl*omium,
and copper were elevated in some of the samples com-
pared with published standards, criteria, or baseline values
from other studies. In addition to fish, cadmium and
copper concentrations were elevated in some of the snail
samples, and chromium concentrations were elevated in



pondweed. Elevated copper concentrations in biota are
probably due to copper sulfate used as an algicide in the
canals. Mercury and selenium were not elevated in bio-
logical tissues. Organochlorine pesticides and related
compounds were generally detected in small concentra-
tions. In fish samples collected from some wasteways,
concentrations of total chlordane, total DDT, and dieldrin
exceeded criteria for the protection of fish health and of
fish-eating predators. Compared with data collected in
past years, total DDT concentrations in carp and perch
have shown little change with time. Concentrations of
DDT have declined little over the past 15 years, contrary
to the significant decline in concentrations of DDT com-
pounds observed in nationwide monitoring programs.
Chlordane, detected only infrequently during past years,
was detected in about 70 percent of the 1992 samples. In
addition, chlordane concentrations observed in several fish
samples were about twice the historical maximum concen-
tration of 0.07 micrograms per gram. However, changes
in laboratory methods and some differences in sampling
sites limit the accuracy in comparing these data sets over
time.

Other types of biological assessments used in this
study indicated few or no adverse effects to biota in the
study area. Surface water was not toxic to Daphnia
magna and sediment bioassays showed moderate toxicity
to Chironomus tentans in 9 of 21 samples. External
lesions in fish were observed only infrequently; no abnor-
malities were observed in bird embryos, and eggshell
thicknesses of mallard and grebe eggs were similar to
those of the pre-DDT era.

INTRODUCTION

During the last several years, there has been increas-
ing concern about the quality of irrigation drainage and its
potential harmful effects on human health, fish, and wild-
life. Concentrations of selenium greater than water-
~ quality criteria for the protection of aquatic life (U.S.
Environmental Protection Agency, 1987) have been
detected in surface and subsurface drainage from irrigated
land. In 1983, incidences of mortality, congenital defor-
maties, and reproductive failures in waterfowl caused by
large concentrations of selenium were discovered by the
U.S. Fish and Wildlife Service (USFWS) at the Kesterson
National Wildlife Refuge in the western San Joaquin
Valley of California where irrigation drainage was
impounded. In addition, toxic and potentially toxic trace
elements and pesticide residues have been detected in
other western State areas that receive irrigation drainage
(Feltz and others, 1990).

Because of concerns expressed by Coneress, the U.S.
Department of the Interior (DOI) started the National Irri-
gation Water Quality Program (NIWQP) in October 1985
to identify the nature and extent of irrigation-induced
water-quality problems that might exist in western States.
The DOI developed a management strategy and formed an
interbureau group known as the Task Group on Irrigation
Drainage that prepared a comprehensive plen for review-
ing irrigation-drainage concerns for which the DOI could
have responsibility.

Initially, the task group identified 20 a-eas in 13
States that warranted reconnaissance-level investigations
related to three specific activities: (1) irriga‘ion or drain-
age 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 p-ojects.

Nine of the 20 areas were selected for reconnaissance
investigations during 1986-87:

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 Menagement
area
Texas: Lower Rio Grande-La«una
Atascosa National Wildlife Refuge
area
Utah: Middle Green River Basin area
Wyoming: Kendrick Reclamatior Project area

On the basis of results of these investigatiors. detailed
studies were begun in 1988 in four areas: Salton Sea,

Stillwater Wildlife Management, Middle Green River

Basin, and Kendrick Reclamation Project.

Eleven more reconnaissance investiga‘ions were
begun in 1988:

California: Sacramento Refuge Complex
California-Oregon: Klamath Basin Refug: Complex

Colorado: Gunnison and Uncomnahgre River
Basins and Sweitzer Lake
Pine River Project

Colorado-Kansas: Middle Arkansas River Basin









Acknowledgments

The authors thank Jenni Cena, USFWS volunteer
student, for assisting with all aspects of the biological data
collection; David Ames, USFWS volunteer student, for his
assistance in assessing water-quality impacts on carp; and
James Tabor and Jeffrey Korth, Washington State
Department of Wildlife (WDW) biclogists, for sharing
their knowledge of the biota of the area. Access to private
land for data collection provided by irrigation districts and
by landowners is also greatly appreciated.

DESCRIPTION OF THE STUDY AREA

The Columbia Basin Project is a multipurpose devel-
opment of more than 4,000 square miles on the Columbia
Plateau in central Washington and includes all the hydro-
electric facilities as well as the agricultural land. Bound-
aries of the irrigation area and of the irrigation-drainage
reconnaissance study area are Billy Clapp Lake on the
north, the Columbia and Snake Rivers on the south, and
the Columbia River on the west. A line formed by the
cities of Odessa, Lind, and Kahlotus is an approximate
boundary on the east. The CBP encompasses Grant
County, parts of Adams and Franklin Counties, and, to a
lesser extent, parts of Lincoln and Walla Walla Counties.

The major source of water for irrigated agriculture in
the CBP is Columbia River water held in Franklin D.
Roosevelt (FDR) Lake by Grand Coulee Dam. A total of
12 pumping units, each with 65,000 or more horsepower,
pump water from FDR Lake into Banks Lake at an aver-
age annual rate of approximately 3,600 ft3/s (Bureau of
Reclamation, 1982). Water is then moved from Banks
Lake through the irrigation area by numerous siphons, tun-
nels, canals, wasteways, drains, lakes, coulees, and natural
streams. In addition to irrigation, the water imported from
FDR Lake provides recreation, wildlife habitat, and
in-stream support of aquatic life and fisheries. Small
quantities of water are withdrawn for food processing.

The increased quantity of surface water as a result of
the irrigation project greatly increased recreational use of
the CBP over pre-irrigation recreational use. Five State
parks now provide picnicking, swimming, boat launching,
and camping facilities. More than 30 facilities on State or
Federal land provide access for fishing, hunting, recre-
ational boating, water skiing, and birdwatching. Including
the recreational area around Banks Lake, there are over
200,000 acres of land open to public access, and
approximately 133,000 acres of lake or reservoir surface.

Prior to the development of the CBP there were 35 lakes;
now there are more than 140 lakes, po~ds, and reservoirs.
The four major reservoirs (Banks Lak=, Billy Clapp Lake,
Potholes Reservoir, and Scooteney Reservoir) had more
than a million visitors in 1988 (Bureau of Reclamation,
1989). Private lands and undeveloped areas of Federal
land also provide water-related recrea‘ional activities.

Fishing and hunting are the dom‘'nant recreational
activities in the CBP. Fishing accounred for the majority
of almost 190,000 visits to Columbia National Wildlife
Refuge in 1991 (U.S. Fish and Wildlif: Service, 1992). In
a 1991 creel survey, more than 42,00C angling trips were
made to Moses Lake during a 9-month period (Jeffrey
Korth, Washington State Department of Wildlife, written
commun., 1993). A recent survey of 7,000 people con-
ducted by the Washington State Department of Wildlife
indicated that Grant County, which includes well over half
of the CBP, was one of the most fished counties in the
State in 1986 (Big Bend Economic Development Council,
1991). Because the irrigation project I =s greatly increased
waterfowl] habitat, the Columbia Basir is also one of the
most important waterfow] hunting areas in the State
(Bureau of Reclamation, 1989).

Five towns in the CBP have populations greater than
2,500: Pasco, Moses Lake, Ephrata, C thello, and Quincy.
At the extreme southern end of the study area, Pasco is the
largest with a population of about 19,000. Moses Lake,
near the center of the study area, is second largest with a
population of about 11,000. Irrigated and dryland agricul-
ture, livestock production, and food processing dominate
the economic activities.

History

The Columbia Basin Project began in 1933 with the
allocation of funds for the construction of Grand Coulee
Dam. The dam and power structures were nearly com-
pleted by 1941, but the beginning of World War II post-
poned completion of the irrigation proiect. In 1943, work
on the project resumed with the excavation of the Main
Canal. The first development of irrigated land began in
1948 in the southern part of the area with water pumped
from the Snake and Columbia Rivers. In the northern part
of the area, irrigation water was delivered through the
Main Canal system beginning in 1952. Most of the irri-
gated acreage was developed between 1952 and 1959;
some additional acreage was added during the mid-1960’s
(Bureau of Reclamation, 1989).



The BR had responsibility for the Columbia Basin
Project following the construction of Grand Coulee Dam.
In 1969, the operation and maintenance of the basic irriga-
tion system became the responsibility of three irrigation
districts. Operation and maintenance responsibilities of
Grand Coulee Pumping Plant, Banks Lake, Main Canal,
and Potholes Reservoir remain with the BR (Bureau of
Reclamation, 1976). |

Wildlife and Fisheries

The irrigation project has both eliminated and
improved wildlife habitat. Vast acreage of shrub-steppe
habitat was eliminated by conversion to agriculture, or
degraded by grazing. However, the increased volume of
surface water improved the habitat value of some of the
remaining shrub-steppe habitat, and greatly increased the
acreage of wetlands and the populations of those species
found in or near wetlands. Substantial land in the CBP is
managed for wildlife (fig. 2). About 53,400 acres are
managed as National Wildlife Refuge land and more than
170,000 acres are owned or managed by the WDW. In
addition, an unknown amount of land is managed for
wildlife by other agencies, hunting clubs, and private
landowners.

The CBP is part of the Pacific Flyway, a major
north-south waterfowl migration route. Waterfowl use of
the Columbia Basin has increased dramatically because of
increased aquatic habitat and food supply from post-
harvest crop residues created by irrigation (Foster and
others, 1984). Although CBP wetlands are used for nest-
ing, brood rearing, and migratory stopover, the most
important use by waterfowl is wintering habitat. Winter-
ing waterfow! depend on habitat in the Columbia Basin for
about 5 months of the year. Almost 15 percent of winter-
ing waterfowl in 11 western States were in the Columbia
Basin during the winter of 1990-31. Annual surveys over
the past 15 years indicate that almost a million ducks and
about 170,000 Canada geese winter in the Columbia
Basin. At certain times of the year, 85 to 90 percent of the
mallards in the Pacific Flyway can be found in the Colum-
bia Basin. The northern part of the CBP provides impor-
tant habitat in mild winters; in cold winters, when open
water in the northern part freezes up, the southern part of
the CBP usually can provide open-water habitat to water-
fowl (John Annear, U.S. Fish and Wildlife Service, Uma-
tilla National Wildlife Refuge, oral commun., 1993).
Wasteways that receive drainage from buried tile drains
and that flow year around provide some open-water habitat
to wintering birds and early spring migrants (Foster and
others, 1984).

The many small ponds in the CBP created by
increased ground-water levels and seepage from canals are
important waterfowl brood-rearing habitat. Numerous
ponds in the sand dunes region around Potholes Reservoir
and the lower reaches of Winchester ar d Frenchman Hills
Wasteways are considered to be the mc<t important water-
fowl production areas in the Columbia Basin (Foster and
others, 1984). The wasteways also provide some brood-
rearing habitat, Islands in the larger re~ervoirs and in
Moses Lake are preferred nesting sites for Canada geese.

The aquatic habitat provides food for many fish-
eating and other aquatic birds. Colonies of western
grebes, Clark's grebes, double-crested cormorants, great
blue herons, great egrets, ring-billed gvlls, Forster's terns,
and Caspian terns are found around Po*holes Reservoir;
colonies of black-crowned night-heron- are found in sev-
eral areas throughout the CBP. Non-cclontal nesters that
use CBP wetlands include American bitterns, pied-billed
grebes, black terns, American avocets, black-necked stilts,
and red-necked phalaropes. Several sp=cies of hawks, fal-
cons, eagles, and owls are found in the CBP. Of these spe-
cies, bald eagles and northern harriers are probably the
most dependant on other species that ure wetlands (James
Tabor, Washington State Department o€ Wildlife, oral
commun., 1993).

There are several species of special status listed by
the USFWS and WDW in the CBP. Pe-egrine falcons
apparently are found only during their spring and fall
migration; when in the CBP, the falcons prey on waterfowl
and shorebirds. Bald eagles are presen* during all seasons
but especially in the winter; the eagles prey on fish and
waterfowl. Black terns nest in marshes within the CBP
and feed on insects. The Potholes mealow vole, which
has not been observed for several decades in the CBP,
lives in riparian grasses and reeds. American white peli-
cans do not breed in the CBP, but increasing numbers of
immature and post-breeding birds have been using the
Columbia Basin for feeding and resting in the last several
years. Sandhill cranes use parts of the Columbia Basin as
a staging area and are found in large nvmbers during their
spring and fall migration. Spotted frogs. once present in
all areas of the State, are no longer fourd in western Wash-
ington and are now only sparsely distributed in eastern
Washington including the CBP. A comrplete list of
Federal- and State-listed species found in the CBP is
shown in table 1.

Twenty-eight game and 13 non-game fish species are
known to be present. Four species of atadromous fish use
reaches of the Columbia River both up-tream and down









stream of the CBP. Fall chinook salmon spawn in the
Hanford Reach of the Columbia River, which borders the
southern half of the CBP area. Occasionally, fall chinook
salmon inhabit the lower reaches of Crab Creek and spawn
in the lower reaches of Sand Hollow Creek (also known as
RB4C Wasteway).

No commercial fisheries currently exist in the CBP,
although carp were occasionally harvested from Moses
Lake between 1917 and 1977 (Big Bend Economic Devel-
opment Council, 1991). The recreational fishery, however,
is extensive. Potholes Reservoir is considered to have the
most diverse and well-used fishery in the Columbia Basin
(Bureau of Reclamation, 1989). Most of the seep lakes
managed by the WDW are stocked with hatchery-reared
rainbow trout and are periodically rehabilitated to remove
undesirable species.

Moses Lake has experienced a severe decline in its
recreational fishery in the last decade. In the 1960's and
1970's, the lake was the premier black crappie and bluegill
fishery in Washington and was also an exceptional bass
fishery. Comparison of 1983 and 1991 creel surveys indi-
cated substantial declines in harvest of these species and of
yellow perch as well. The number of angler visits
declined and the community lost a significant contribution
to the local economy. Although numerous theories have
been proposed, the reason for the decline in Moses Lake
fishery has not been determined (Jeffery Korth, Washing-
ton Department of Wildlife, written commun., 1993).

Climate

The climate of the CBP is semiarid to arid with hot,
dry summers and moderately cold winters. The Cascade
Range strongly affects the climate of the area because it
acts as a precipitation barrier and captures most of the
heavy maritime precipitation that moves into the State
from the southwest. Precipitation is about 6 to 10 inches
per year and evapotranspiration is about 15 inches per year
under present irrigation conditions (Bauer and Vaccaro,
1990). Typically, 85 percent of the total annual precipita-
tion falls from October through May; nearly 40 percent
falls during winter from November through January. Win-
ter snowfall is from 8 to 20 inches (H. H. Bauer, U.S. Geo-
logical Survey, written commun., 1989). Normal
precipitation at Ephrata averages 7.3 inches per year
(National Oceanic and Atmospheric Administration,
1982). Before this study, however, annual precipitation
was from 0.4 to 3.0 inches below normal for all but 3 years
during 1985-91. In 1991 and 1992 during the study, the
yearly totals of precipitation were, respectively, 0.4 and

2.69 inches above normal. In November 1991 and July
1992, when water and bottom-sediment samples were
collected, monthly precipitation totaled about 1.6 and
1.7 inches, respectively, (fig. 3), which was about

0.7 inches above normal for November and 1.4 inches
above normal for July.

The Cascade Range also directs cold arctic air
southward into the CBP during winter and hot, dry desert
air northward during summer. January air temperature
typically averages about 20°F (degrees Fahrenheit) and
July air temperature averages about 91°F. Extreme tem-
peratures of 22°F below zero and 113°F have been
recorded in the CBP (U.S. Bureau of Reclamation, 1982).

Geohydrology

The Columbia Plateau was formed between 6 and
16.5 million years ago by the extrusion of basalt lava from
northwest-trending vents located in the central and south-
eastern parts of the Plateau (Drost and others, 1990).
Belonging to the Columbia River Basal* Group, these
massive flows are estimated at more than 14,000 feet thick
in the deepest part of the basin, near Pasco. Subsequent
tectonic action warped the region into a broad synclinal
basin with several subbasins formed by locally steeper
folding and faulting (Tanaka and others 1974). Quater-
nary-aged (from 1.6 million years ago to the present)
deposits of glacial outwash consisting mostly of sand and
gravel partially filled these subbasins. Parts of the CBP
have a covering of Pleistocene-aged loess, a wind-depos-
ited silt thought to be derived largely from an older sedi-
mentary formation that makes up part o€ the Columbia
River Basalt Group (Walters and Grolie~. 1960). Sand
dunes (such as those near Potholes Reservoir) and the
loess deposits continue to be extensively reworked by
wind (Walters and Grolier, 1960).

The Columbia River Basalt Group and the overlying
deposits of unconsolidated sediment are the two principal
geohydrologic units in the CBP. Becaure of its fractured,
jointed nature, the basalt is generally ca~able of yielding
large quantities of water to wells and is a principal source
of ground water for agricultural, municinal, industrial, and
domestic use. In areas of ground-water withdrawals for
irrigation, water levels have declined lo-ally as much as
200 feet (Drost and others, 1990). In other areas where
imported surface water is used for irriga‘ion, ground-water
levels have risen to the extent that the water is at land
surface.
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Figure 3.--Long-term average precipitation (1951-80) and monthly precipitation
for the years 1991 and 1992 at Ephrata, Washington.
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Table 2.--Pesticides commonly used on farms in the Columbia Basin Project

Herbicides/Fungicides

Common name, and

Insecticides

Common name, and

a (trade name) a (trade name)
2,4-D Aldicarb (Temik)
Alachlor Azinphos-methyl (Guthion)
Atrazine Carbaryl (Sevin)
Benomyl Chloropicrin (Telone C); also a fungicide
Bromoxynil Chlorpyrifos (Lorsban)
Chlorpropham (Chloro-1PC) Diazinon
Chlorsulfuron (Glean) Dimethoate (Cygon)
Chlorothalonil (Bravo) Disulfoton (Disyston)
Cycloate (RoNeet) Endosulfan (Thiodan)
DCPA (Dacthal) Ethoprop (Mocap)
Dicamba (Banvel) Fluvalinate (Spur)
Dichlobenil (Casoron) Malathion (Cythion)
Dinoseb (DiNitro) Methamidophos (Monitor)
Diquat Parathion
Diuron (Karmex) Phorate (Thimet, Rampart)
EPTC (Eptam) Phosmet
Ethalfluralin (Sonalan) Propargite (Omite)
Glyphosate (Roundup)

IPC or propham (Ban-Hoe)
Mancozeb
Metalochlor

Metam sodium
Metribuzin

Oryzalin (Surflan)
Pendimethalin (Prowl)
Picloram (Tordon)
Sulfur

Terbutrin
Thiabendazole (TBZ)
Triallate (Far-Go)
Tribenuron methyl
Trifluralin (Treflan)
Vernolate (Vernam)
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was applied at a rate of about 30 lbs/acre and phosphorus
at a rate of about 10 lbs/acre (K. E. Greene, U.S. Geologi-
cal Survey, written commun., March 1993).

Surface-Water Hydrology

Before importation of Columbia River water and irri-
gation, Crab Creek and Rocky Ford Creek were the two
perennial streams in the study area. Other natural chan-
nels were dry except during snowmelt and rainstorm run-
off. Moses Lake, the largest natural lake in the area,
formed when a sand dune drifted across and impounded
Crab Creek (Walters and Grolier, 1960). Other small lakes
and wetlands formed in flat-bottomed coulees and in areas
near the Columbia River. Esquatzel Coulee, the principal
drainage in the southern part of the CBP, was dry most of
the year. During periods of snowmelt and runoff, Esquat-
zel Coulee flooded because it had no surface outlet. The
flood seeped into the ground in a pothole area near Pasco
and eventually entered the Columbia River.

After surface-water importation and irrigation began
in the early 1950’s, stream discharge in Crab Creek
increased dramatically with additional water from waste-
ways and ground-water recharge (fig. 5a). Stream dis-
charge also increased in Rocky Ford Creek but declined
after about 1960 (fig. 5b). Additional hydrologic changes
occurred as a result of the irrigation project. The
impoundment of Crab Creek by O’Sullivan Dam formed
Potholes Reservoir. Moses Lake received inflow from irri-
gation return flow, ground-water seepage, and canal water
originating from the Columbia River. Esquatzel Coulee
was incorporated into the return-flow system as a waste-
way, which made it a perennial stream carrying return
flows to the Columbia River. Other natural channels, nor-
mally dry most of the year, were converted into wasteways
to handle irrigation return flows. Throughout the CBP,
new lakes and wetlands formed and the surface area of the
few existing ones increased.

Because of their long-term streamflow records, Crab
Creek near Beverly and Rocky Ford Creek near Ephrata
were chosen to represent hydrologic conditions of the
surface-water system during the 1991-92 study. The
hydrograph (fig. 5a) for Crab Creek near Beverly indicates
that stream discharge during the study was typical of the
flow regime since the late 1970’s. Also, average dis-
charges in Crab Creek during the sample-collection
months were not much different from 1970-93 mean
monthly discharges (fig. 6). In Rocky Ford Creek, how-
ever, measurements indicate that 1991-92 discharges were
below long-term averages, probably because of several
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years of below-normal precipitation in eastern Washing-
ton. Discharge during 1991 in Rocky Ford Creek aver-
aged 42.5 ft*/s compared with 73.7 £t%/s for the period of
record (1942-91),

Irrigation Delivery System

The principal features of the irrigation delivery sys-
tem are Grand Coulee Dam and FDIP Lake, Banks Lake,
Billy Clapp Lake, Potholes Reservoir, and the canals:
Main, West, East Low, Potholes, Wahluke Branch, and
Eltopia Branch (fig. 7). About 2.6 million acre-feet of
water are pumped annually from FD™ Lake into Banks
Lake, an equalization and storage rexervoir of water for
irrigation (Bureau of Reclamation, 1982). Usually, water
is released for irrigation from early March to late October.
From Banks Lake, water moves thrcugh Main Canal and
Billy Clapp Lake. Below the dam tt at forms Billy Clapp
Lake, Main Canal divides into West Canal and East Low
Canal. West Canal delivers about 1.4 million acre-feet
which is used to irrigate about 206,000 acres in the north-
western part of the CBP. In the northeastern part, East
Low Canal delivers about 1.2 million acre-feet, which is
used to irrigate about 165,000 acres.

The hydrograph for Main Canzl below Billy Clapp
Lake (fig. 8a) reflects the long-term controlled discharge
(adjusted for the number of acres irr*gated in a particular
year) during the irrigation season. After declining slightly
during the 1960’s, the adjusted averege annual discharges
have been relatively constant since the early 1970’s.
Monthly average discharges during April, May, Septem-
ber, and October were greater in 1991 and 1992 than was
typical of past years (1970-92) (fig. 8b).

Potholes Reservoir collects excess canal water and
return-flow water from irrigated land in the northern part
of the CBP for reuse in the southern part. From Potholes
Reservoir, Potholes Canal delivers u~ to 1.7 million acre-
feet of water to irrigate about 204,009 acres. Two major
canals, Wahluke Branch Canal and F'topia Branch Canal,
divert water out of Potholes Canal to the southwestern and
southeastern parts of the CBP, respectively.

Irrigation Return-Flow System

Wasteways carry a mixture of unused water from the
operation of the canals and laterals ¢nd used water from
crop irrigation that is returned throuzh surface and subsur-
face drains. Many natural drainage channels were
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Figure 5.--Monthly mean discharge for a) Crab Creek near Beverly, Washington

and b) Rocky Ford Creek near Ephrata, Washington.
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incorporated into the return-flow system after irrigation
began, some of which were partially lined with concrete.
The discussijon of the CBP wasteway, and irrigation
return-flow system can be divided into three areas:
northern, central, and southern.

In the northwestern part of the CBP, land irrigated by
the West Canal system is drained primarily by Winchester
and Frenchman Hills Wasteways, which empty into the
west arm of Potholes Reservoir (fig. 7). Some small
wasteways along the western margin discharge directly
into the Columbia River. Land in the northeastern part of
the CBP, irrigated by the East Low Canal system, is
drained by Lind Coulee Wasteway system, which
discharges into the east arm of Potholes Reservoir.

Near the center of the CBP, West Canal passes
through Frenchman Hills in a siphon tunnel. Beyond the
tunnel, some West Canal water is diverted into Royal
Branch Canal, but the remainder flows into Lower Goose
Lake. Lower Crab Creek, which continues out of Lower
Goose Lake, carries return flow from irrigated land
between Frenchman Hills and Saddle Mountains to the
Columbia River. Return flows in Sand Hollow Creek dis-
charge into the Columbia River. In the east-central part of
the CBP, Scooteney Reservoir collects water from
Scooteney Wasteway (which receives excess water from
East Low Canal) and EL68D Wasteway.

Land in the southern CBP irrigated by the Potholes
Canal system is drained by several major wasteways.
Pasco Wasteway, PE16.4 Wasteway, and the Wahluke
Branch Canal wasteway system all discharge into the
Columbia River. Smith Canyon Wasteway drains land
irrigated by the Eltopia Branch Canal and intermittently
discharges into the Snake River. Esquatzel Coulee Waste-
way drains about 480 square miles of the southern CBP
and discharges into the Columbia River through the
Esquatzel Diversion.

Total return flow to the Columbia River between
Crescent Bar (just east of Quincy) and Pasco averages
about 550 ft*/s. Although irrigation return flow constitutes
nearly 100 percent of the water in the southern CBP waste-
ways, the wasteways contribute only about 0.5 percent of
the average discharge (120,800 ft3/s) in the Columbia
River at Priest Rapids Dam (Bureau of Reclamation,
1976).

To protect the fields from rising ground-water levels
caused by the importation of Columbia River water, con-
struction of subsurface tile drainage systems began in
1961. The tile systems drain areas from several hundred
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to more than 2,000 acres and discharge into open waste-
ways or canals. In 1976, about 200,009 irrigated acres
were identified as eventually requiring subsurface drain-
age systems (Bureau of Reclamation, 1976). Approxi-
mately 103,000 acres located primarily in the Quincy and
Othello areas now have subsurface tile drainage systems
(K. E. Greene, U.S. Geological Survey. written commun.,
March 1993).

PREVIOUS STUDIES

Investigations in the CBP and ad’acent areas of the
Columbia Basin included studies of geohydrology, quan-
tity and quality of surface and ground water, and chemical
contaminants in bottom sediment and in biota. These
studies provide some background information and data
about water quality in CBP irrigation v’asteways, return
flows, and reservoirs. Other studies fo~used on pesticide
residues in fish and bottom sediment and provide informa-
tion about environmental contamination.

The BR monitored selected water-quality constitu-
ents at several sites for a number of years. In 1982, the BR
evaluated and summarized these data collected from
canals, wasteways, wells, tile drains, and the Columbia
River. As water moves from FDR Lake through the CBP
system, the use and reuse of water for irrigation generally
degrades surface-water and ground-water quality through
increased salinity and nutrient concentrations (Bureau of
Reclamation, 1982). Potholes Reservair alleviates some
sutface-water-quality problems in the central part of the
CBP by stripping nitrogen and phosphorus from the water
through plant growth and sedimentatio®. Some domestic
wells in the southern part of the CBP, however, were found
to have large concentrations of nitrite-plus-nitrate nitrogen
(Bureau of Reclamation, 1982; Turney, 1986; Drost and
others, 1989).

Classified as hypereutrophic in th= late 1970’s,
Moses Lake has been monitored for water-quality changes
resulting from two major restoration m=asures--dilution
and sewage diversion (Welch and others, 1990). Dilution
water has helped reduce blue-green algae (Cyanobacteria)
blooms by lowering water temperature and by flushing
algae from the lake (Bureau of Reclamation, 1989). In
1982, the Moses Lake Clean Lake Project inventoried the
sources of nitrogen and phosphorus in the lake water-
shed. This was the foundation of an 8-year study to evalu-
ate irrigation water-management strate Jies designed to
further protect the lake by reducing nutrient loads to
Moses Lake (Bain, 1990). Bain (1990" determined that



the Crab Creek and Rocky Ford Creek drainages were
major sources of nitrogen, and that Rocky Ford Creek was
a major contributor of phosphorus to the lake.

From 1974-78, the BR investigated pesticides in
water and bottom sediment in the CBP. Pesticide concen-
trations were less than 1 pg/L. (micrograms per liter) in
water, but some organochlorine pesticides were present in
large concentrations in return flow and bottom sediment of
wasteways (Bureau of Reclamation, 1982). The Washing-
ton State Department of Social and Health Services
(WDSHS) (1975, 1976, and 1977) detected p,p DDE in
water, and dieldrin in water and bottom sediment. Con-
centrations as much as 0.10 pg/L of p,p"'DDE were found
in water from Lower Crab Creek and Crab Creek Lateral;
concentrations as much as 0.25 pg/L of dieldrin were
found in water of Lind Coulee Wasteway. As part of their
Pesticide Monitoring Program, the Washington State
Department of Ecology (Ecology) sampled water from
Crab Creek near Beverly in June 1992 (Davis, 1993). No
organochlorine pesticides were detected, but the pesticides
eptam, atrazine, simazine, dicamba, 2,4-D, dacthal,
glyphosate, and disugran were detected.

Water quality in the Crab Creek and Palouse River
drainages of the Central Columbia Plateau is currently
(1994) being studied as part of the National Water Quality
Assessment (NAWQA) program of the USGS. Prelimi-
nary sampling for trace elements and selected organic con-
stituents in sediment and biota was done in 1992. Some of
the sites sampled by NAWQA corresponded to sites cho-
sen for this study and included Saddle Mountain Waste-
way, Esquatzel Coulee Wasteway at Sagemoor Road, and
Crab Creek near Beverly (J. C. Ebbert, U.S. Geological
Survey, oral commun., 1993).

Metals and other trace elements in CBP terminus
ponds were studied in 1986. Mercury concentrations were
as much as 0.3 pg/L; and boron concentrations ranged
from 150 to 280 pug/L (J. W. Keys, Bureau of Reclamation,
written commun., 1987). Boron concentrations appear to
be increasing with time and could become a problem in
the irrigation of boron-sensitive crops (E. L. Skinner and
G.C. Bortleson, U.S. Geological Survey, written commun.,
September 1991).

Several studies have evaluated ground-water
resources in the CBP and adjacent arecas. Turney (1986),
in an overview of ground-water quality, sampled water
from 188 wells for pH, specific conductance, dissolved
solids, major ions, iron, manganese, nitrate-nitrogen, and
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fecal-coliform bacteria. Several stud’es determined that
ground water in parts of the CBP area contains large con-
centrations of sodium from natural sources (Turney, 1986;
Bortleson and Cox, 1986; and Steinkampf, 1989).
Ground-water hydrology studies, which focused on the
quantity and distribution of ground water and aquifers,
include Walters and Grolier (1960) ard Tanaka and others
(1974). A long-term study by the USf3S Regional Aquifer
Systems Analysis Group (RASA) described surficial geol-
ogy (Drost and Whiteman, 1986), geologic framework
(Drost and others, 1990), water levels (Bauer and others,
1985), and recharge (Bauer and Vaccaro, 1990) of the
Columbia Basin.

The BR and USFWS monitored organochlorine and
other pesticides in fish from the CBP for several years.
The BR collected fish from 13 sites (6 of which were also
sampled in this study) in 1975, 1977, 1978, and 1982
(Washington State Department of Social and Health Ser-
vices, 1977, 1978, 1979). In addition, the USFWS col-
lected and analyzed fish in 1982 and 1985 but did not
publish the results. These agencies ccllected a total of 273
samples that included a variety of fisl species. Of the
samples, 259 were analyzed as whole fish; the remaining
were analyzed as fillets. DDT and its metabolites were
detected in most fish from most of the sites, but in low
concentrations. Only 6 percent of the concentrations in all
fish samples exceeded National Acad>my of Sciences and
National Academy of Engineering (NAS/NAE) (1973) cri-
teria (0.1 pg/g wet weight) for the protection of fish and
fish-eating wildlife. Although dieldri~ was detected in
less than half of the fish samples, 34 fish samples had
dieldrin concentrations exceeding prctection criteria
(0.1 pg/g wet weight). Other organochlorine compounds
were detected infrequently and in corcentrations close to
reporting limits.

Fish collected in 1985 by USFW'S were also ana-
lyzed for trace elements. For these analyses, a variety of
species was collected and compositec into 24 whole-body
samples. Three of the 24 samples had concentrations of
arsenic, copper, and selenium that exceeded the 85th per-
centile levels determined from a nationwide monitoring
program (Schmitt and Brumbaugh, 1990).

In 1989, samples of fish and bottom sediment from
Moses Lake were analyzed for organochlorine compounds
and trace elements as part of Ecology’s Lakes and Reser-
voir Water Quality Assessment Program (Johnson and
Norton, 1990). Five black bullheads were analyzed as



fillets without skin. Concentrations of detected contami-
nants were substantially less than the U.S. Food and Drug
Administration (U.S. Food and Drug Administration,
1985) criteria for the protection of consumers. Total DDT
concentrations of 0.04 Lig/g in Moses Lake fish were the
second largest of the fish samples collected from 10 lakes
in the Ecology study. In bottom-sediment samples from
the lakes, 4-methylphenol was the most frequently
detected organic compound; the largest concentration
(1.6 pg/g) was observed in one of the two Moses Lake
samples. The herbicide tebuthiuron also was identified
tentatively in one bottom-sediment sample. Concentra-
tions of trace elements in the bottom sediment and in fish
were not considered to be elevated.

Fish and bottom sediment samples were collected
from Potholes Reservoir in 1992 as part of a contaminant
screening survey by Ecology. Whole largescale suckers
and composite samples of lake whitefish and largemouth
bass fillets were analyzed for organochlorine pesticides,
polychlorinated biphenyls (PCBs), and a few organophos-
phate pesticides. Fillet tissues also were analyzed for
mercury and whole-body suckers were analyzed for all
priority pollutant metals. Two bottom-sediment samples
were analyzed for organochlorine pesticides, PCBs, prior-
ity pollutant metals, semivolatile organics, organophos-
phate pesticides, and triazine herbicides. On the basis of
dieldrin concentrations in fish muscle tissue, Ecology rec-
. ommended Potholes Reservoir be considered for listing as
water-quality limited under section 303(d) of the Clean
Water Act.

Eggs of black-crowned night-herons were collected
from the Potholes Reservoir nesting colony in 1979
(Henny and others, 1984) and analyzed for organochlorine
insecticides. DDE concentrations in the eggs were the
smallest concentrations in eggs from eight collection sites
in Washington, Oregon, Idaho, and Nevada. Eggshells of
birds from Potholes Reservoir were 4 percent thinner than
those collected from across the Pacific Northwest prior to
the beginning of DDT use in 1947. However, in eggs from
the eight sites, Potholes Reservoir eggs exhibited the least
thinning; the degree of thinning was considered to be bio-
logically insignificant. Henny and others (1984) con-
cluded that the herons were accumulating the bulk of DDT
metabolites from wintering grounds in Latin America.

Acrolein (2-propenol) is an aquatic herbicide used by
the irrigation districts within the CBP area to control
aquatic plant growth in canals. Acrolein application has
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been implicated in several fish kills. In ¢ letter dated July
17, 1979, to Regional Fish Biologist Merrill Spence,
WDW biologist Gene Tillett documented a fish kill fol-
lowing an acrolein application. Dead trout were found
over a 4-mile reach downstream of the application point.

In Canada, the discharge of pulp-m}l effluents intro-
duced considerable amounts of dioxins into the Columbia
River. Concentrations of dioxins, primarily 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD) and 2,3 7,8-tetrachloro-
dibenzofuran (TCDF), have been detected in FDR Lake
bottom sediment and fish (Johnson and cthers, 1991a, b).

Mining and metals processing in the Columbia River
Basin in Canada upstream from the CBP greatly affect the
water and bottom-sediment quality in the Columbia River
and FDR Lake. These processing activit'es discharge slag
containing large quantities of copper, zinc, and arsenic into
the Columbia River (S. E. Cox, U.S. Geological Survey,
written commun., April 1993). The Spol-ane and Pend
Orielle Rivers, tributaries to the Columbia River upstream
from the CBP, also have been sources of zinc, lead, and
cadmium to FDR Lake.

Bottom-sediment samples from the upper Columbia
River were designated as “moderately polluted” to
“severely polluted” with arsenic, cadmium, copper, iron,
lead, mercury, manganese, and zinc when compared with
EPA and Canadian bottom-sediment guidelines (Johnson
and others, 1990; Arthur Johnson, Washington State
Department of Ecology, written commur ., 1991). Fish
collected from the Grand Coulee Dam si‘e as part of the
USFWS National Contaminant Biomoni‘oring Program
consistently contained elevated concentrations (exceeding
the 85th percentile concentration) of cadnium and lead,
but elevated concentrations of arsenic and zinc were
observed only once in the four sampling periods of this
monitoring program (May and McKinnev. 1981; Lowe
and others, 1985; Schmitt and Brumbaugh, 1990). Ele-
vated lead concentrations were determin=d in bridgelip
sucker fillets collected as part of Ecology's Basic Water
Monitoring Program in 1984 (Hopkins atd others, 1985).
Elevated metals concentrations have alsc been determined
by Canadian agencies in samples of fish, bottom sediment,
algae, and invertebrates collected in the upstream reach of
the international border (Smith, 1987). Because of the
large metals and dioxin concentrations, a consumption
advisory (British Columbia Ministry of Environment,
1990) was issued for walleye in this reach of the Columbia
River.



SAMPLE COLLECTION AND ANALYSIS

The study was designed to collect reconnaissance-
level data in the CBP before, during, and after the irriga-
tion season. During the irrigation season (usually from
March to October), the quantity and quality of water in
streams, lakes, and wasteways are determined by imported
Columbia River water and by return flow from irrigated
cropland. During the non-irrigation season, ground water
and subsurface return flow from cropland are the major
components of the perennial streams and wasteways.

Twenty-one surface-water features (streams, waste-
ways, and lakes) were initially selected for sample collec-
tion to assess the quality of surface-water and irrigation-
return flows in and near the CBP fish and wildlife manage-
ment areas. These water features included irrigation
wasteway and return-flow drainages, natural streams,
major storage reservoirs, and smail lakes that collect
wastewater or irrigation return-flow water. Because sam-
pling logistics and requirements typically differ between
the collection of water, bottom sediment, or biota samples,
24 sampling sites were selected to represent the 21 water
features. Along with their corresponding map identifiers,
the 24 sampling sites are shown in figure 9. Collecting the
different types of biological samples, in addition to the
water and bottom-sediment samples, resulted in a total of
70 sampling points (table 3).

From 15 primary water features, water samples were
collected three times: in November 1991, after irrigation
season; in March 1992, before irrigation season; and in
July 1992, during irrigation season (table 4). At six sec-
ondary water features, water samples were collected only
during the irrigation season. Bottom-sediment samples
were collected from ail 21 water features, but only during
the irrigation season. Biological sample collection began
in May 1992 and continued throughout the irrigation sea-
son; sampling sites and times of collection (table 5), and
the type of data collected, depended on the organism of
interest and its life stage.

The reference site for this study was Billy Clapp
Lake (site BCL), which is located in the Stratford Unit of
the North Columbia Basin Wildlife Area and is part of the
Main Canal system to deliver irrigation water. Water
quality at this site is assumed to be unaffected by irrigation
practices and return-flow water. Rocky Ford Creek (site
RFC), a well-known trout stream, carries surface, ground,
and return-flow water into the Rocky Ford arm of Moses
Lake (site MLR). Upper Crab Creek (site CCU) meanders
through the Gloyd Seeps Unit of the North Columbia
Basin Wildlife Area and empties into the Parker Horn arm

22

of Moses Lake (site MLP). A third sanpling site on
Moses Lake at the lake’s south end (site MLS) is near the
control dam linking Moses Lake to the east arm of Pot-
holes Reservoir. Site PRW, located on the west arm of
Potholes Reservoir and site PRE, located on the east arm
of Potholes Reservoir, are both within the Potholes Unit of
the South Columbia Basin Wildlife Area. Both Winches-
ter Wasteway (site WW) and Frenchman Hills Wasteway
(site FHW) flow through the Desert Unit of the South
Columbia Basin Wildlife Area, and bo*h discharge excess
and return-flow water into Potholes Reservoir at the west-
central and southwestern shore, respec‘ively. Lind Coulee
Wasteway (site LCW) carries return flow into the south-
eastern end of Potholes Reservoir near O’Sullivan Dam.
Soda Lake (site SL) is part of the Poth»les Canal system;
Lower Goose Lake (site LGL) collects water from the ter-
minus of West Canal and discharges into Lower Crab
Creek (site CCM). Soda Lake and Lower Crab Creek are
within the Columbia National Wildlife Refuge, and Lower
Goose Lake is in the Seep Lakes State Wildlife Area.
Sand Hollow Creek, on which two samrnling sites (SHCa
and SHCb) were located, and Crab Creek near Beverly
(site CCB) discharge wastewater into the Columbia River.
Site CCB is within the Crab Creek Sta‘e Wildlife Area.
Sampling sites on the major wasteway: in the southern
part of the CBP that carry irrigation-reurn flows to the
Columbia River include PE16.4 Waste'vay (site PEW) and
Esquatzel Coulee Wasteway (site ECW),

Three water features in the southern part of the
CBP--Saddle Mountain, Wahluke Brarch 10A, and
EL68D Wasteways--each had sampling points located in a
flowing section of the wasteway and downstream in the
quiescent water of a lake that receives the wastewater.
Water samples were collected in the flowing sections and
bottom sediment and biota were collected in the lakes.
Saddle Mountain Wasteway (site SMW") is located within
the Saddle Mountain National Wildlife Refuge. A small
lake in the Wahluke Wildlife Area was sampled for bottom
sediment and biota, and referred to as Wahluke Branch
Wasteway Lake (site WBWhb) in this report. This lake
receives wastewater and irrigation return flows from both
Wahluke Branch 10A Wasteway, which was sampled for
water at sitt WBWa, and Wahluke Braach 10 Wasteway.
EL68D Wasteway (site ELW) was sampled for water and
bottom sediment at its confluence with Potholes Canal,
which discharges into Scooteney Reservoir; biota was col-
lected from Scooteney Reservoir (site SR).

Water samples were analyzed for nutrients, major
ions, trace elements, chlorophenoxy-acid herbicides, orga-
nophosphorus and organochlorine inse-ticides, PCBs, and
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Figure 9.—Twenty-four sampling sites for water quality, bottom sediment, and biota

in the Columbia Basin Project study area, 1991-92.
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Table 4.--Sampling sites, types of constituents analyzed for, and schedule of sampling for water and bottom sediment
in November 1991, March 1992, and July 1992 in the Columbia Basin Project

[X, sample was collected; --, no sample}

Map
identi- Water Bittomsediment
fier Sample Major Nnt- Trace Pesti- Bio- Trace Pesti- Bio-
(fig.9) Site name month ions rents  eclememts  cides assays clement~ cides assays
BCL  Billy Clapp Lake November X X X X X - - -
March X X X X X - - -
July X X X X X X X X
RFC  Rocky Ford Creck November X X X X X - -- -
March X X X X X - - —
July X X X X X X X X
CCU  Upper Crab Creek November - - - - - - - -
March - - - - - - - -
July X X X X X X X X
MLR Moses Lake, November X X X X X - - -
Rocky Ford arm March X X X X X - - -
July X X X X X X X X
MLP  Moses Lake, November - - -- - - - - -
Parker Hormn arm March - - -- - -- - - -
July X X X X X X X X
MLS  Moses Lake, November X X X X X - - -
south end March X X X X X -- - -
July X X X X X X X X
PRW  Potholes Reservoir, November X X X X X -- - -
west arm March X X X X X - .- -
July X X X X X X X X
PRE  Potholes Reservoir, November - -- -- - - - - -
east arm March - - - - - - — .
July X X X X X X X X
WW  Winchester November X X X X X - - .
Wasteway March X X X X X - - -
July X X X X X X X X
FHW  Frenchman Hills November X X X X X - .- -
Wasteway March X X X X X - -- -
July X X X X X X X X
LCW Lind Coulee November X X X X X - -- -
Wasteway March X X X X X - - -
July X X X X X X X X



Table 4.--Sampling sites, types of constituents analyzed for, and schedule of sampling for water and bottom sediment
in November 1991, March 1992, and July 1992 in the Columbia Basin Project--Continued

Map
identi- ‘ Water Bottom sediment
fier Sample Major Nut-  Trace Pesti- Bio- Trace Pesti- Bio-
(fig. 9) Site name month ions rients clements cides assays clements cides assays
SL Soda Lake November X X X X X - - -
March X X X X X - - -
July X X X X X X X X
CCM  Lower Crab Creek November -- - - - - - - -
at McManamon March - - - - - -- - -
Road July X X X X X X X X
LGL  Lower Goose Lake November - - - - - - - -
March - - - - - - - -
July X X X X X X X X
SHCa Sand Hollow Creck November - -- - - - - - -
at Road S, SW March X X X X X - - -
(RB4C Wasteway) July X X X X X - - -
SHCb Sand Hollow Creek November X X X X X - - -
at mouth (RB4C March -- - - - - - - -
Wasteway) July -- - - - - X X X
CCB  Crab Creek near November X X X X X - - -
Beverly March X X X X X - - -
July X X X X X X X X
SMW  Saddie Mountain November - - - - - - - -
Wasteway March - - - - - - - -
July X X X X X X X X
ELW  EL68D Wasteway November X X X X X - - -
March X X X X X - - -
July X X X X X X X X
WBWa Wahluke Branch November X X X X X - - -
10A Wasteway March X X X X X - - -
July X X X X X - - -
WBWb Wahluke Branch July - -- - - - X X X
Wasteway Lake
PEW PE16.4 Wasteway November X X X X X - - -
March X X X X X - - -
July X X X X X X X X
ECW  Esquatzel Coulee November X X X X X - - -
Wasteway March X X X X X - - -
July X X X X X X X X
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polychlorinated naphthalenes (PCNs). Bottom-sediment
sample analytes included selected trace elements, total
organic carbon, organochlorine insecticides, PCBs, and
PCNs. The potential toxicity of water and bottom sedi-
ment to aquatic organisms was also evaluated. Daphnia
magna and the Microtox bioassay bacteria (Microbics
Corporation, 1992) were the test organisms exposed to
surface water and Chironomus tentans was exposed to bot-
tom sediment. Analyses of the biota focused on

concentrations of selected trace elements and pesticides in
bird eggs and animal and plant tissnes. Tissue samples of
the biota were analyzed for selected trace elements,
organochlorine pesticides, PCBs, d'oxins, and furans.
Table 6 lists analytical reporting limits for selected trace
elements, and table 7 lists analytical reporting limits for
selected organic compounds.

Table 6.--Analytical reporting limits for selected trace elements in water, bottom sediment, and biotc
[ug/L, micrograms per liter; pLg/g, micrograms per gram; --, no analysis]

Apalvtical R ing Limit
_Biota
Bottom sediment Animal tissue! Plant tissue?
Water (ug/g, dry (1g/g, wet (ugf/, wet

Constituent (ng/L) weight) weight) weight)
Aluminum 10 5 1.4 (1.0-3.7) 1.4 (1.1-2.0)
Arsenic 1 0.1 0.13  (0.06-0.38) 0.14 (*.11-0.19)
Barium 100 1 0.13 (0.10-0.37) 0.14 (7.11-0.20)
Beryllium -- 1 0.03 (0.019-0.073) 0.029 (7.022-0.039)
Boron 10 0.2 0.13 (0.10-0.37) 0.14 (*.11-0.20)
Cadmium 1 2 0.03 (0.019-0.073) 0.029 (2.022-0.039)
Chromium 1 1 0.13 (0.10-0.37) 0.14 (7.11-0.20)
Copper 1 1 0.13  (0.10-0.37) 0.14 (7.11-0.20)
Iron 10 5 3.0 (1.9-7.3) 2.9 2.2-3.9)
Lead 5 4 0.13  (0.10-0.37) 0.14 (2.11-0.20)
Mercury 0.1 0.02 0.03 (0.019-0.073) 0.0281 (7.0218-0.0381)
Magnesium 100 5 3.0 (1.9-7.3) 29 22-39
Manganese 10 20 0.11 (0.077-0.294) 0.116 (1.086-0.157)
Molybdenum 1 2 0.13 (0.10-0.37) 0.14 (1.11-0.20)
Nickel - 2 0.13 (0.10-0.37) 0.14 (7.11-0.20)
Selenium 1 0.1 0.13  (0.06-0.38) 0.14 (7.11-0.19)
Silver - 2 - -- - -
Strontium 10 2 0.05 (0.039-0.146) 0.06 (1.04-0.08)
Tin -- 5 -- -- -- -~
Uranium 0.4 0.2 -- -- -- --
Vanadium 1 2 0.13 (0.10-0.37) 0.14 (7.11-0.20)
Zinc 3 4 030 (0.19-0.73) 0.29 (1.22-0.39)

! Animal tissue, estimated median value (range).
2plant tissue, calculated median value (range).
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Table 7.--Compounds and analytical reporting limits for selected organic compounds in water,
bottom sediment, and biota

[ng/L, micrograms per liter; pg/kg, micrograms per kilogram; pg/g, micrograms per gram; --, no analysis]

—_ Analytical Reporting Limit
Bottom sediment,
Whole water dry weight
Compound (trade name) (ng/L) (ng/kg)
Aldrin 0.001 0.1
Chlordane 0.1 1
Chlorpyrifos (Lorsban) 0.01 -
DDD 0.001 0.1
DDE 0.001 0.1
DDT 0.001 0.1
Diazinon 0.01 --
Dieldrin 0.001 0.1
Disulfoton (Disyston) 0.01 -
Endosulfan (Thiodan) 0.001 0.1
Endrin 0.001 0.1
Ethion 0.01 --
Ethylan (Perthane) 0.1 1
Fonofos (Dyfonate) 0.01 -
Heptachlor 0.001 0.1
Heptachlor epoxide 0.001 0.1
Lindane 0.001 0.1
Malathion 0.01 -
Methoxychlor 0.01 0.1
Methyl parathion 0.01 -
Mirex 0.01 0.1
Parathion 0.01 --
Phorate (Thimet, Rampart) 0.01 -
Toxaphene 1 10
Trithion 0.01 -
2,4-D 0.01 -
2,4,5-T 0.01 --
2,4-DP 0.01 --
Dicamba (Banvel) 0.01 --
Picloram (Tordon) 0.01 -
S,S,S-Tributylphosphoro- 0.01 -
trithioate (DEF)

2,3,4-TP (Silvex) 0.01 -
Total Polychlorinated Biphenyls (PCBs) 0.1 1
Polychlorinated naphthalenes (PCNs) 0.1
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Table 7.--Compounds and analytical reporting limits for selected organic compounds in water,
bottom sediment, and biota--Continued

Analytical Reporting Limit
Biota, wet weight
Compound (rg/g)
Hexachlorobenzene (HCB) 0.01
a-Benzene Hexachloride (BHC) 0.01
I-BHC 0.01
B8-BHC 0.01
§-BHC 0.01
Toxaphene 0.05
Total PCBs 0.05
Dieldrin 0.01
Endrin 0.01
Mirex 0.01
Methoxychlor 0.01
Oxychlordane 0.01
Heptachlor Epoxide 0.01
Trans-Chlordane 0.01
Trans-Nonachlor 0.01
Cis-Chlordane 0.01
Cis-Nonachlor 0.01
o,p’DDE 0.01
p.p'DDE 0.01
o,p’ DDD 0.01
o,p’DDT 0.01
p,p’'DDD 0.01
p,p'DDT 0.01
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Field measurements included specific conductance,
pH, and concentrations of dissolved oxygen and alkalinity.
At lake and reservoir sites, a Secchi-disk measurement of
water clarity and depth profiles of specific conductance,
water temperature, and dissolved oxygen were made. The
depth profiles were used to determine the extent of thermal
or salinity stratification of water in the lakes.

Water

Water samples were collected from streams and
wasteways with the width- and depth-integrating tech-
niques described by Edwards and Glysson (1988) and
Ward and Harr (1990). The samples were collected at sev-
eral verticals in the cross section with either a D-77-TM
depth-integrating sampler (suitable for trace-metal collec-
tion and equipped with teflon nozzle and gasket) or DH-81
depth-integrating sampler (equipped with teflon bottle,
cap, and nozzle assembly suitable for trace-element and
organic-compound collection) and composited either in
two separate churn splitters (one plastic churn splitter and
one teflon-lined churn splitter) or split with a teflon cone
splitter into appropriate bottles. The teflon-lined churn
splitter contained the composited water for pesticide and
organic compounds analyses. The plastic churn splitter
contained the composited water for the nutrient, major-
ions, and trace-element analyses. Water temperature and
dissolved oxygen were measured in the center flow of the
stream. Specific conductance, alkalinity, and pH were
measured on subsamples of composited water from the
plastic churn splitter according to standard USGS proce-
dures (M. A. Sylvester, U.S. Geological Survey, written
commun., September 1990).

During pre- and post-irrigation season when the
lakes were not stratified with respect to temperature, dis-
solved oxygen, or specific conductance, water samples
from the lakes and reservoirs were collected with a
DH-76-TM depth-integrating sampler (equipped with
teflon nozzle and gasket), and a solvent-cleansed glass
bottle. The sampler was lowered and raised through the
upper 15 to 20 feet of the water column while slowly mov-
ing the boat forward. Samples were composited in churn
splitters (one plastic and one teflon-lined). During
mid-irrigation season, when the lakes were thermally strat-
ified into epilimnion, metalimnion, and hypolimnion,
point samples were collected from the three layers with a
teflon Kemmerer-type sampler and composited in the
churn splitters. Specific conductance, alkalinity, and pH
of subsamples of the composited water were recorded.
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Water for major-ion, nutrient, ad trace-element
analyses was filtered through a 0.45 micrometer mem-
brane filter; water for pesticide and organic compounds
analyses was not filtered. In this report, filterable-constitu-
ent concentrations are referred to as “dissolved” and
whole-water constituent concentraticns are referred to as
either “total” or “total-recoverable.” The samples were
preserved, placed on ice as appropria‘e, and shipped to the
USGS National Water Quality Laboratory (NWQL) in
Arvada, Colo., and analyzed according to procedures
described in Fishman and Friedman (1989), Wershaw and
others (1987), and Pritt and Jones (1989).

Water samples for the Microtox and Daphnia magna
bioassays usually were collected on the same days as the
water chemistry samples. Of 51 samples collected for
testing water toxicity, 75 percent wer= collected on the
same day, 21 percent were collected within 1 day, and 4
percent were collected within 2 days. For the Microtox
bioassay, water was collected in clean, (quality assured by
the supplier) 125-mL (milliliters) glass jars; for the daph-
nid bioassay, water was collected in 1-liter plastic jars. To
fill the jars, the collector waded into water that was from 2
to 4 feet deep, allowed disturbed material to settle, rinsed
the jars with native water, and then s'owly immersed the
jars to maximize the amount of surfaze microlayer (where
contaminants concentrate) in the sample. The jars were
filled without air entrapment, then placed on ice. Samples
were tested at the USFWS office at Moses Lake with the
Microtox procedures on the same dav as sample collec-
tion. The samples for the daphnid bioassays were shipped
by overnight carrier to the testing latoratory in
Watsonville, Calif., on the day of col'~ction.

For the Microtox bioassay, biol iminescent bacteria
were exposed to a dilution series of 9, 45, 22.5, and 11.25
percent sample water, and to one control without sample
water. Bacterial light production was measured at 5 and
15 minutes after exposure, and an EC50 was calculated.
The ECS50 is the calculated concentretion of sample water
at which the presence of toxic compo inds or water-quality
conditions reduces bacterial light production by 50 per-
cent. The EC50 values of samples can be used to make
comparisons among study sites.

The daphnid bioassay conformed to the procedures
described by the USEPA (1985). In this test, five Daphnia
magna individuals less than 24 hours old were added to
each of four, 20-mL beakers containing aerated sample
water. The survival of the daphnids was determined 24
and 48 hours after test initiation, according to methods
described by Toxscan, Inc. (1991, 1992a, b).



Bottom Sediment

Bottom-sediment samples from streams and waste-
ways were collected with acid-rinsed, solvent-cleansed
glass beakers in various depositional environments along a
cross section of the stream. Bottom-sediment samples
from lakes and reservoirs were collected with a brass
Ekman dredge from five or more depositional environ-
ments near shorelines. Core samples were collected from
the center of the dredge where the bottom sediment was
not in contact with the metal of the dredge. The samples
were composited in a 6-liter acid-rinsed, solvent-cleansed
glass bowl and split into subsamples for bioassays and
chemical analyses. The subsamples for trace-element
analyses were placed in pint-sized plastic containers and
sent to the USGS Geologic Division Analytical Labora-
tory in Denver, Colo. At the laboratory, the samples were
air dried and sieved through screens with 2-mm (millime-
ter) openings. Total major and minor elements and
organic-carbon content were determined on the fraction of
material passing through the 2-mm screen, according to
methods described by Severson and others (1987). Sub-
samples of bottom sediment for pesticide and organic
compounds analyses were sieved in the field through a
stainless steel sieve. The fraction passing through the
2-mm openings of the sieve was placed into S00-mL glass
jars, and shipped on ice to the USGS Water Resources
Division NWQL in Arvada, Colo. Pesticides and organic
compounds in bottom sediment were analyzed according
to the methods described by Wershaw and others (1987).

Subsamples of bottom sediment for bioassays were
placed into plastic jars, held on ice in the field, and
shipped by overnight carrier to the laboratory at the
University of Minnesota Cooperative Fish and Wildlife
Research Unit. Most samples were shipped on the day of
collection, but some were refrigerated overnight and
shipped the following day. At the laboratory, Chironomus
tentans bioassays were run on the samples. Of the 21
samples collected from Lower Goose Lake, Potholes
Reservoir (east arm), Soda Lake, Saddle Mountain Waste-
way, and Wahluke Branch Wasteway Lake, 5 were tested
within 24 hours of receipt; 16 samples were stored at 4°C
(degrees Celsius) for 27 days before testing,

For the chironomid bioassay, 15 test tubes were used
for each site. Each of the test tubes was filled with 7.5
grams of bottom sediment from a site, mixed with 40 mL
of deionized water, inverted S times, and allowed to settle
for 24 hours (Henry and Jaschke, n.d.). For each of 2 con-
trol samples, 15 tubes received clean reference material.
All the tubes were then aerated for 24 hours, after which a
single cultured second-instar chironomid larva was placed
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into each tube containing either sample or reference sedi-
ment. At the end of a 10-day exposure. period with contin-
uous aeration, food supply, and volume of 50 mL, the
contents of each tube was emptied onto a benthos sorting
screen and searched for the larvae. Larvae received one of
the following designations: dead, alive, or DNF (not
found in tube, so assumed dead). All I've larvae were
dried in a conventional oven for 24 hovrs at 80°C and then
weighed. The measured endpoint was the percent change
in mean weight of the treatment larvae relative to the mean
weight of the control larvae. Because mortality was
recorded as 100 percent reduction in weight, the endpoint
incorporates both weight change and n ortality.

Biota

Biota samples were collected at 12 of the 24 sam-
pling sites. The samples consisted of t ird eggs, juvenile
birds, fish, an aquatic-plant species, an- an aquatic-inver-
tebrate species. This section describes the field procedures
used to collect the different types of biota samples and the
preparation of the samples for laborato-y analyses.

Analyses for concentrations of organochlorine com-
pounds in bjota samples followed the standard procedures
of Mississippi State Chemical Laboratory, Mississippi
State, Miss. (Mississippi State University, written com-
mun., 1992). In these procedures, 10 grams of tissue are
homogenized and mixed with solvents to extract organic
compounds. The extract is concentrated and evaporated to
dryness and the lipid content is determined. The sample is
then dissolved in petroleum ether, purified, and separated
into fractions that are analyzed for diff~rent organochlo-
rine compounds. Analytical procedures for the dioxins
and furans in biological tissues are the property of Dr. T.O.
Tiernan of Wright State University, Davton, Ohio, and are
available only with written permission.

Analyses for concentrations of trace elements in
biota samples followed the standard procedures of
Research Triangle Institute, Research Triangle Park, N.C.
(written commun., 1992). A tissue sample was first
homogenized with a food processor, th=n subsampled for
an array of treatments. One subsample was processed to
determine moisture content; then it wa- treated by acid-
digestion and analyzed by Inductively Coupled Plasma
(ICP) Emission to determine trace-element concentrations.
Another subsample was analyzed by Graphite Furnace
Atomic Absorption (GFAA) to determine arsenic and sele-
nium concentrations. Another subsample was analyzed by
Cold Vapor Atomic Absorption (CVAA) to determine
mercury concentrations.



Bird Eggs

Eight American coot (Fulica americana) eggs were
collected from each of four sample sites, and eight western
grebe (Aechmophorus occidentalis) eggs were collected
from each of the two known nesting colonies in the east
and west arms of Potholes Reservoir (see table 5). Coots
were selected because they are one of the few aquatic bird
species that nest throughout the study area. Grebes were
selected because, as predators of fish, they have a higher
risk of exposure to the types of contaminants that bioaccu-
mulate in the food chain. Four of the eight eggs of each
species were analyzed for organochlorine compounds, and
four were analyzed for trace elements. Although well-
developed eggs were sought, the coots and grebes nested
later in 1992 than is usual and, because of time constraints,
it became necessary to collect several eggs that were in
early stages of development.

Because mallards (Anas platyrhynchos) are fre-
quently used in contaminant exposure studies, their eggs
were selected for collection. Ten mallard eggs were col-
lected only from the Moses Lake south sample site; five of
the eggs were analyzed for organochlorine compounds and
five were analyzed for trace elements. Eggs were candled
(held against a light source to see the contents through the
shell) in the field, and only well-developed eggs were col-
lected. Frenchman Hills Wasteway, Wahluke Branch
Wasteway Lake, and Saddle Mountain Wasteway were
searched for mallard nests, but none were found.

The eggs were refrigerated for up to 4 days between
collection and processing. Measurements taken on whole
eggs included length, width, weight, and volume (table 27,
tables 23 through 32 contain supplemental data and are
located at the end of the report). The eggshells were
bisected with a clean scalpel, and the contents were emp-
tied into tared, chemically cleansed jars. Embryos were
examined for abnormalities and their ages were estimated.
Mallard embryos were age-classified according to the
guidelines of Caldwell and Snart (1974). Coot and grebe
embryos were age-classified into one of the following
categories: (1) freshly laid, no limb buds; (2) limb buds
present but no feather tracts; (3) feather tracts present but
no feathers; (4) feathers present. The egg contents were
then frozen in the jars and shipped to the laboratory for
further analyses. The eggshells were dried for at least a
month, then weighed and measured for thickness. The
recorded eggshell thickness, including egg membrane, was
a mean of four measurements.
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Juvenile Birds

Juvenile coots and western gret »s were collected
using a shotgun and steel shot. The oldest juveniles avail-
able were collected because they worild have been
exposed to potential ambient contaminants longer than
younger birds. Four juvenile coots were collected at each
of the same four sites where coot eggs were collected (see
table 5). Eight juvenile western grebes were collected in
the northern area of Potholes Reservoir. Although it is not
known for certain from which of the two known CBP nest-
ing colonies a particular grebe originated, it is likely that
juveniles from both colonies were collected.

The bodies of the juvenile birds were placed in plas-
tic bags on ice until they could be exemined later the same
day. Each bird was weighed and examined for external
and internal abnormalities. Liver and breast tissues were
removed, weighed, placed individually into chemically
cleansed jars, and frozen for shipmert to the laboratory.
For the four smallest juvenile grebes. breast tissue was
composited into two samples of two birds each to obtain a
minimum sample weight. Thus, six samples of grebe
breast tissue were prepared for analyces. At the labora-
tory, liver tissue was analyzed for tra~e elements, and
breast tissue was analyzed for organo-hlorine compounds.
To prevent cross-contamination durirg preparation, the
aluminum foil linings of the dissection trays were
changed, gloves were changed, and c'issection tools were
cleaned with acetone, nitric acid, and distilled water
between dissections.

Fish

Three species of fish were collected for chemical
analyses: longnose suckers (Catostonus catostomus),
carp (Cyprinus carpio), and yellow perch (Perca flave-
scens) (see table 5). Longnose suckers and carp were
selected because their bottom-dwelling lifestyles increase
the likelihood of exposure to the types of contaminants
associated with bottom sediment. Perch were selected
because they are predators and are likely to have a higher
risk of exposure to contaminants that bioaccumulate in the
food chain. Carp and perch have alsn been collected in
previous contaminant studies in the CBP.

Carp were collected at 11 samp'~ sites and yellow
perch at 8 sample sites; perch were not available at the 3
Moses Lake sites. These collected fi~h were analyzed as



whole individuals. From each site (except Moses Lake),
four individuals of each species were analyzed for orga-
nochlorine compounds, and four for trace elements. There
were some exceptions, however, concerning the yellow
perch samples: (1) only three perch from Winchester
Wasteway were analyzed for organochlorine compounds;
(2) only three perch from Lind Coulee Wasteway were
analyzed for trace elements; (3) one sample from Saddle
Mountain Wasteway analyzed for organochlorine com-
pounds was a composite of two small perch; and (4) one
analysis for trace elements in a perch from Winchester
Wasteway was questionable and not included with the
final results.

Because dioxins and furans are present in the Colum-
bia River upstream of the CBP, four longnose suckers
were collected from Billy Clapp Lake to determine if these
compounds had entered the CBP along with the imported
water. Whole individual suckers were analyzed for the
presence of the dioxin and furan congeners, TCDD and
TCDEF. These two compounds make up a large percentage
of the total dioxins and furans found in the Columbia
River (Johnson and others, 1991a, b).

Fish were captured with variable-mesh gill nets.
Nets were usually set in the morning and checked every 1
or 2 hours until all samples had been collected. Occasion-
ally, nets were left set overnight. Sample fish were placed
in a holding cooler and processed on shore. The fish were
rinsed with stream water, weighed, measured for length,
wrapped in aluminum foil and then 1n plastic, and kept on
ice until they could be frozen later the same day. The mea-
suring tape and fish-handler's hands were washed between
collections, and the holding cooler was washed between
sites.

Plants

Three samples of sago pondweed (Potamogeton pec-
tinatus) were collected from each of six sample sites and
analyzed for trace elements (see table 5). This species was
chosen for collection because it is found throughout the
study area. Samples were collected by hand in shallow
water and with a rake in deep water. Each sample con-
sisted of approximately 100 grams of plant material that
might contain one or more individual plants. Roots and
flowers or seeds of the pondweed were included in all of
the samples. Samples were rinsed and picked carefully to
remove sediment, invertebrates, and other foreign matter;
then they were weighed, wrapped in aluminum foil and in
plastic, and kept on ice until they could be frozen later the
same day.
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Invertebrates

Three samples of snails were collected from each of
three sample sites (see table 5) and analyzed for trace ele-
ments. Snails were selected for samp'ing because their
population numbers were large enough for efficient collec-
tion. The snails were picked by hand from rocks and veg-
etation, placed in a stainless steel sieve to drain, and then
put into a tared, chemically cleansed jar. A minimum
sample weight of 10 grams was collected. The snail sam-
ples were a mix of species and sizes; however, predomi-
nant species at all sites were Lymnaea palustris and Physa
sp. Samples were kept on ice and frozen later the same
day.

QUALITY-ASSURANCE PRIYCEDURES

Quality assurance of surface-water samples was
based on duplicate and split samples, as well as field
blanks of deionized water. All quality-assurance samples
were analyzed for the same characteri-tics as the environ-
mental samples. During the pre- and post-irrigation
seasons, the lake-sampling team collected either duplicate
or split samples. During mid-irrigatio® season, both the
lake- and stream-sampling teams collected duplicate sam-
ples. Both teams processed at least on= field blank sample
during each of the three sampling trips. The type and
number of quality-assurance samples collected during the
study are shown in table 8.

Results of the analyses of replicate samples show lit-
tle or no difference in constituent concentrations between
each member of the duplicate or the split-sample pairs.
The lack of major differences in chem‘stry between the
duplicate samples indicates that data variation due to
field-collection, sample-handling, and laboratory methods
was small. Results of duplicate-sample analyses are
included with the environmental-samgle analyses of
water-quality data in tables 23 and 24 at the end of the
report.

Analyses of eight field blank samrnles indicate that
sample collection and analytical procedures were gener-
ally free of contamination. Trace amortnts of ammonia,
nitrogen, and chloride were occasiona'ly detected in the
blank water (table 9). Although most of the blank samples
were free of trace elements, two had z'nc concentrations
near the analytical reporting limit, and one had a mercury
concentration equal to the analytical reporting limit. Dur-
ing the non-irrigation season, the blank samples were usu-
ally free of pesticides and organic comr pounds except for
two detections of lindane and one detection of



Table 8.--Type and number of water-quality assurance samples collected during the study, 1991-92

[--, no data]
Site name and Numt ~t of field blank
(map identifier, Replicate- samples processed
Date Season fig. 9) sample type and sampling team
11/19/91 Post-irrigation - -- 1, stream
11/20/92 Post-irrigation Sand Hollow Creek (SHCb) Duplicate 1, lake
03/03/92 Pre-irrigation - - 1, stream
03/03/92 Pre-irrigation Potholes Reservoir on Split 1, lake
west arm (PRW)
07/15/92 Mid-irrigation Winchester Wasteway (WW) Duplicate 1, stream
07/15/92 Mid-irrigation Potholes Reservoir on Duplicate 1, lake
east arm (PRE)
07/17/92 Mid-irrigation - -- I, stream
07/17/92 Mid-irrigation -- - 1, lake

Table 9.--Results of analyses for inorganic constituents in blank-water samples prepared during sample collection in
November 1991, March 1992, and July 1992

[mg/L, milligrams per liter; pg/L, micrograms per liter; <, less than; --, no data]

Dis-
solved
solids, Nit-
residue  rite + Am-
at 180 nitrate monia Ortho-
Mag- Potas- Sul- Chlo- Fluo- degrees  nitro- nitro- phos-
Calcium nesium Sodium sium fate ride ride Celsius  gen gen phorus
Date (mg/L) (mg/L) (mg/L) (mg/L) (mg/L}) (mglL) (mg/L) (mglh) (mg/L) (mg/L) (mg/L)
11-19-91 0.03 <0.01 <0.20 <0.10 <0.10 <0.10 <0.10 24 0.050 <0.010 0.010
11-20-91 <0.02 <0.01 <0.20 <0.10 <0.10 <0.10 <0.10 5 <0.050 0.010 <0.010
03-03-92 <0.02 <0.01 <0.20 <0.10 <0.10 0.20 <0.10 8 <0.050 <0.010 <0.010
03-03-92 0.40 0.17 0.40 <0.10 <0.10 4.0 <0.10 3 <0.050 <0.010 <0.010
07-15-92 <0.02 <0.01 <0.20 <0.10 0.20 0.60 <0.10 <1 <0.050 <010 <0.010
07-15-92 <0.02 <0.01 <0.20 <0.10 0.20 0.60 <0.10 3 <0.050 0.010 <0.010
07-17-92 <0.02 <0.01 <0.20 <0.10 0.10 0.40 <0.10 2 <0.050 0.030 <0.010
07-17-92 0.05 <0.01 <0.02 <0.10 0.20 39 <0.10 <1 <0.050 0.040 <0.010
Total
Cad- Chro- Mer- Molyb-  Sele- Vana- natural
Arsenic  Boron mium mium Lead cury denum  nium dium Zinc uranium
Date (ng/Ly  (ug/L) (ng/L) (ng/l) (ngl) (ug/L)  (ugl)  (ugl) (ugl)  (ugll)  (ng/l)
11-19-91 <1 <10 <10 <1 <1 <0.1 <1 <1 <1 4 --
11-20-91 <1 <10 <1.0 <1 <l 0.1 <1 <1 <1 <3 --
03-03-92 <1 <10 <1.0 <1 <1 <0.1 <1 <1 <1 <3 -
03-03-92 <1 <10 <1.0 <1 <1 <0.1 <1 <1 <1 4 -
07-15-92 <1 <10 <1.0 <1 <l <0.1 <l <1 <1 <3 <1.0
07-15-92 <1 <10 <1.0 <1 <1 <0.1 <1 <1 <1 <3 <1.0
07-17-92 <l <10 <1.0 <1 <1 <0.1 <l <1 <1 <3 <10
07-17-92 <l <10 <1.0 <l <l 0.1 <l <1 <l <3 <1.0
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dieldrin--both concentrations were equal to the analytical
reporting limits. During the irrigation season, the blank
samples were free of all pesticides and organic compounds
except for one detection of 2,4-D in the blank processed at
Wahluke Branch 10A Wasteway. The 2,4-D concentration
in this blank was greater than 2,4-D concentrations in the
two environmental samples collected at wasteway sites
that day. Apparently, 2,4-D was widespread throughout
the area in July because it was detected in 19 of the 21
environmental water samples collected during the month
(see table 24, end of the report). Because of the large con-
centration in the blank sample and the prevalence of 2,4-D
in the study area, the blank sample probably was contami-
nated during preparation, possibly by dust or vapor.
Results of the blank-sample analysis does not show 2,4-D
cross-contamination between the two environmental
samples collected on the same day.

One set of duplicate bottom-sediment samples was
collected. Differences between the duplicate constituent
concentrations were small (see tables 27 and 28, end of the
report) and indicate that variation in data due to field-
collection, sample-handling, and laboratory methods was
negligible. In addition, a reference material was tested for
trace-element concentrations along with the environmental
samples; the analytical results show concentrations within
the acceptable range for the particular elements.

In the Microtox bioassay, pipetting could introduce
error and affect data quality. Pipetting error was assessed
in duplicated tests by comparing light levels in two control
test tubes containing bacteria but no sample water. A
maximum difference of no more than 20 percent between
light-level readings of pairs of controls is considered
acceptable (Microbics Corporation, 1992). Of 51 tests, 35
were run in duplicate, and only 4 of 35 pairs of controls
showed a greater-than-20-percent difference in light
level. The majority (57 percent) of the pairs of controls
showed less than 10 percent difference. In addition, a phe-
nol standard is used to determine if all aspects of the test
are run correctly, and if the Microtox bacteria demonstrate
a typical response. The phenol standard was tested at the
beginning of each of the three sampling periods. Toxici-
ties of all the phenol tests were within the range of toxici-
ties demonstrated for the Microtox bacteria.

The daphnid bioassay exposed Daphnia magna to
control water and reference toxicants. The control water
was a USEPA moderately-hard formulation (about
180 mg/L as CaCOj3). Two reference tests per sample col-
lection period were run concurrently with samples to
detect changes in daphnid sensitivity; sodium chloride was
used as the reference toxicant. Daphnids exposed to the
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reference toxicant showed either a typi-al response or a
slightly greater than average sensitivity (Toxscan Inc.,
1991, 19924, b).

For the chironomid bioassay, the toxicity-testing pro-
cedure exposed chironomids to a control composed of a
reference material. The reference material was assured to
be free of contaminants. Also, larvae vvere added to test
tubes in a systematic fashion, which minimized size selec-
tion bias for any particular sample (Herry and Jaschke, no
date).

For analyses of organochlorine compounds and trace
elements in biota tissues, the quality-as~urance procedures
of the Mississippi State Chemical Labcratory and
Research Triangle Institute consisted of procedural blanks,
duplicates, analyses of reference mater’als, and determina-
tion of the percent recovery of spiked samples. The qual-
ity-assurance results from both of these laboratories were
examined and determined to be accepteble by the qual-
ity-assurance officer of USFWS Patuxent Analytical
Control Facility.

Samples collected August 5, 1992, for dioxin and
furan analyses were shipped by overnight carrier and
arrived in good condition at Wright State University,
Dayton, Ohio, the next day. Samples were extracted
within 7 days and analyzed within 21 d+ys. A laboratory
blank was analyzed, and no dioxin compounds were
detected. The percent recovery of one surrogate and two
internal standards ranged from 35- to 77-percent recovery
with a mean recovery of 57-percent. These recovery val-
ues are typical for this type of analysis; reported results
were corrected for recovery. No duplicate analyses were
performed.

DISCUSSION OF RESULTS

The reconnaissance investigation provided data
about concentrations of selected organi~ and inorganic
constituents in water, bottom sediment, and biota in the
CBP. Existing Federal or State guidelines, either legally
enforceable standards or recommended criteria, and pub-
lished baseline values served as references for comparing
observed concentrations of constituents. Baseline values
were used as background conditions to evaluate the signif-
icance of the concentrations of constitucents for which stan-
dards or criteria are not available. Con-tituent concen-
trations were referred to as elevated when exceeding on
the basis of published standards, criteria, or baseline
values. The following discussions inclnide statistical and
interpretive summaries of water-quality properties and



chemical concentrations in water, bottom sediment, and
biota collected at sampling sites during the three periods of
data collection. Statistical summaries of data with values
less than the reporting limit were calculated with the mul-
tiple detection-limit procedures developed by Helsel and
Cohn (1988). All data collected during the study are in
tables at the end of the report; tables 25 through 28 list
analytical results for water and bottom-sediment samples,
and tables 29 through 34 list analytical results for biologi-
cal samples.

Characteristics of Sampled Water

Presented below and summarized in table 10 are the
results of field measurements and laboratory analysis of
water samples from the CBP. Table 11 lists drinking water
standards and criteria for the protection of freshwater
aquatic life for selected properties and constituents deter-
mined during the study. Field observations, such as pH
and dissolved oxygen, and the concentrations of dissolved
solids, trace elements, and organic compounds in water
samples are discussed in this section.

Field Measurements

Field measurements were made of water tempera-
ture, specific conductance, dissolved oxygen, alkalinity,
and pH. Water temperature affects the growth and health
of periphyton, benthic invertebrate, and fish populations,
and is directly related to the solubility of oxygen in water.
Certain life stages of cold-water species of fish such as
salmon, rainbow trout, and brook trout are adversely
affected if weekly average temperatures are greater than
about 18°C; warm-water species of fish such as black
crappie and bass are adversely affected by temperatures
greater than 27°C (U.S. Environmental Protection Agency,
1976). During the study, the maximum water temperature
observed was 25.0°C in July at Lower Crab Creek at
McManamon Road (see table 10).

To protect and maintain fish populations, the USEPA
(1976) recommends a minimum concentration of 5.0 mg/L
dissolved oxygen. Dissolved-oxygen concentrations in
the lakes were from less than 1 mg/L in the hypolimnion
in July to 17.9 mg/L in the upper part of the water column
in March. Dissolved-oxygen concentrations in streams
and wasteways were from 7.8 to 13.5 mg/L, with a median
value of 11.2 mg/L. Dissolved-oxygen measurements
were made only during the day under coaditions of active
photosynthesis; no measurements were made at night
when concentrations are typically low.
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Alkalinity buffers pH changes in water, some of
which can occur naturally as a result of photosynthetic
processes. Also, the carbonate and bizarbonate compo-
nents of alkalinity can form complexe- with certain metals
and reduce their toxicity (U.S. Enviroymental Protection
Agency, 1976). During the study, alkalinities in water
samples were from 58 to 359 mg/L. All observations were
above the minimum value of 20 mg/L (see table 11) rec-
ommended to protect the health of fre~hwater organisms
(U.S. Environmental Protection Agen-y, 1986).

The pH of the water is important biologically
because it can affect the solubility and toxicity of different
compounds, especially metals. The USEPA (1986) rec-
ommends a range of pH from 6.5 to 9.0 to protect fresh-
water fish and aquatic benthic invertel rates and a range of
pH from 4.5 to 9.0 in irrigation water to protect crops (see
table 11). In this study, the pH of wat=r samples ranged
from 7.8 to 9.2. High pH values obse-ved in all samples
collected from Moses Lake were prob2bly due in part to
photosynthetic removal of carbon dioxide from the water
by large standing crops of phytoplank*nn.

Dissolved Solids, Major Ions, and Nutrients

Dissolved solids in fresh water consist of various dis-
solved materials, including inorganic salts in 10nic form
and small amounts of organic matter. In irrigation water,
the dissolved-solids concentration anc' the proportions of
the different cations can affect the osmotic properties of
plants. Concentrations between 500 and 1,000 mg/L in
irrigation water can adversely affect some types of crops
(U.S. Environmental Protection Agen-y, 1976). In this
study, dissolved-solids concentrations exceeded 500 mg/L
only in samples from Wahluke Brancl 10A Wasteway,
Crab Creek near Beverly, and EL68D Wasteway during
non-irrigation season.

Concentrations of dissolved conctituents varied spa-
tially and seasonally. They generally increased in a down-
stream direction that corresponded to water reuse as the
water moves through the irrigation project. For example,
from Billy Clapp Lake, with an average of 87 mg/L, aver-
age dissolved-solids concentrations in-reased to 310 mg/L
in Potholes Reservoir, to 452 mg/L in Crab Creek near
Beverly, and to 512 mg/L in Wahluke Branch 10A Waste-
way. Concentrations during non-irrigation season tended
to be larger than during irrigation season (fig. 10), and
were probably due in part to a larger dissolved-solids
content in ground water, which sustains baseflows during
non-irrigation season. For example, Focky Ford Creek
and Upper Crab Creek, which have a large ground-water



Table 10.--Summary of properties and inorganic-constituent concentrations in water samples collect=d from the
Columbia Basin Project in November 1991, March 1992, and July 1992

[Concentrations are dissolved; mg/L, milligrams per liter; ig/L, micrograms per liter; °C, degrees Ce'sius; uS/cm,
microsiemens per centimeter at 25 °C; CaCOj, calcium carbonate; HCO;, bicarbonate; CO5, carbona'e; <, less

than; --, no data]

Number Values Reference-
of site
Constituent or property samples Minimum Maximum Median value?
Field measurements:
Specific conductance (US/cm) 51 133 982 387 136
pH 51 7.8 9.2 8.5 8.1
Temperature (°C), lakes 18 4.0 23.0 - ®4.0-15.0
Temperature (°C), streams 33 55 25.0 10.5 -
Dissolved oxygen (mg/L), lakes 18 <1 17.9 - €2.2-8.3
Dissolved oxygen (mg/L), streams 33 7.8 13.5 11.2 --
Major ions:
Hardness (mg/L as CaCO3) 51 62 340 160 65
Calcium (mg/L) 51 18 81 36 19
Magnesium (mg/L) 51 4.1 38 16 43
Sodium (mg/L) 51 2.2 95 25 2.2
Potassium (mg/L) 51 0.7 13 43 0.80
Bicarbonate (mg/L as HCO3) 51 73 439 197 73
Carbonate (mg/L as CO3) 51 0 17 7 0
Alkalinity (mg/L as CaCO;) 51 58 359 165 62
Sulfate (mg/L) 51 8.6 130 30 9.8
Chloride (mg/L) 51 1.0 41 9.8 1.5
Fluoride (mg/L) 51 0.1 0.7 04 0.1
Dissolved solids (mg/L) 51 82 615 249 88
Nitrite plus nitrate (mg/L: as N) 51 <0.05 12 1.7 <0.05
Ammonia (mg/L as N) 51 <0.1 0.62 0.02 0.02
Orthophosphorus (mg/L) 51 <0.01 042 0.01 <0.01
Trace elements:
Arsenic (ug/L) 51 <1 12 3 <l
Boron (ug/L) 51 <10 150 20 <10
Cadmium (ug/L) 51 <1.0 <1.0 <1.0 <1
Chromium (ug/L) 51 <1 10 <l <1
Copper (ug/L) 51 <1 5 0.7 1
Lead (ug/L) 51 <1 429 <l <1
Mercury (ug/L) 51 <0.1 d3 <0.1 <0.1
Molybdenum (ug/L) 51 <1 7 2 <1
Selenium (ug/L) 51 <1 4 <l <1
Vanadium (ug/L) 51 1 37 12 1
Zinc (ug/L) 51 <3 13 3.7 <3
Radio chemicals:
Uranium (ug/L) 21 1.2 59 2.4 1.4

2 Median of three samples collected from Billy Clapp Lake.

® Minimum and maximum average water column temperatures.
¢ Minimum and maximum concentrations in the water column in July 1992,
d Reported value is suspected to be inaccurate; next largest value for lead was 3 micrograms per liter, and for mercury,

0.6 micrograms per liter.
¢ Single-sample value.
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Table 11.--Drinking water standards and water-quality criteria of selected constituents and properties for the protection
of freshwater aquatic life and for the purposes of irrigation and livestock watering

[Concentrations in micrograms per liter unless specified. MCL, Maximum Contaminant Level, SMCL, Seconc'ary Maximum

Contaminant Level; mg/L, milligrams per liter; CaCOj3, calcium carbonate; >, actual value is greater than shown; <, actual value
is less than shown; --, no criterion or standard available]

_Dﬂnkin¥ﬂa£cx_ Livestock
MCL & SMCL

Constituent or property Aquatic life Irrigation watering
pH (units) - 6.51t0 8.5 226 .5t09.0 2451090 -
Alkalinity as CaCO; (mg/L) - - 22520 - -
Dissolved solids (mg/L) - 500 - 2500 -
Sulfate (mg/L) - 250 -- - -
Chloride (mg/L) - 250 - .- -
Fluoride (mg/L) Tbg 2 - -- -
Nitrite plus nitrate Ib10 - -- - --
(mg/L as nitrogen)
Arsenic Ibso - 25190 and 360 100 7200
Boron - - - 2750 75,000
Cadmium lbg - 265] 1 and 3.9 10 50
Chromium 1100 -- 266210 and 1,700 7100 71,000
Copper 31,300 1,000 26612 and 18 7200 7500
Lead b5 - 2,632 and 82 75,000 100
Mercury(II) 1by - 250.012 and 2.4 - 10
Molybdenum -- - 8200 10 -
Selenium(1V) l350 -- 35 and 20 20 50
Uranium 20 - - - -
Vanadium - - - 7100 7100
Zinc -- 5,000 266110 and 120 72,000 725,000
Chlorpyrifos - - 250.041 and 0.083 - -
DDE - - 20,001 and 1.1 -- -
DDT -- - 2¢0,001 and 1.1 - 850
Dieldrin -- - 20,0019 and 2.5 - |
Disulfoton -- -- - - -
Lindane 1b o - 260,08 and 2.0 - 85.0
Malathion -- - N -- --
Methoxychlor 1540 - 220,03 - 81,000
Methy] parathion -- -- -- -~ --
Dicamba - - - - -
Picloram 3500 - - - --
2,4-D 1570 - - - --

1U.S. Environmental Protection Agency (1992a).
% Secondary Maximum Contaminant Level.
P Maximum Contaminant Level.
2(.S. Environmental Protection Agency (1986).
8 24-hour freshwater chronic criterion.
b Freshwater aquatic-life criteria: first value is chronic, 4-day average concentration once every 3 years; second value is acute, 1-hour
average concentration once every 3 years.
¢ First value is 24-hour chronic criterion and second value should not be exceeded at any time.
4 Criteria for long-term irrigation of sensitive crops.
3Proposed Maximum Contaminant Level (U.S. Eavironmental Protection Agency, 1991a).
4Proposed Maximum Contaminant Level (U.S. Environmental Protection Agency, 1991b).
5U.S. Environmental Protection Agency (1987): first value is chronic; second value is acute.
®Based on water hardness of 100 mg/L.
"National Academy of Sciences and National Academy of Enginecring (1973).
3Environment Canada (1979).
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component, had average dissolved-solids concentrations
of 247 mg/L and 275 mg/L, respectively. Median concen-
trations of the major ions that constitute the dissolved
solids were all greater than the median concentrations for
Billy Clapp Lake, the reference site (see table 10).

In agriculture, sodium can affect the structure and
permeability of soils and is toxic to some plants. Sodium
levels for irrigation purposes are usually evaluated with
respect to the sodium adsorption ratio (SAR) calculated
according to the following equation (Hem, 1989):

N+
SAR = (Na )

J172 [ (Ca?*) + (Mg?*))

where Na*, Ca?*, and Mg?* concentrations are expressed
in milliequivalents per liter. For sensitive fruits, the
sodium tolerance is a SAR of no more than about 4. For
less-sensitive crops and forages, the tolerance is a range of
SARs from about 8 to 18, depending on local soil condi-
tions (U.S. Environmental Protection Agency, 1976).
Although sodium concentrations in the study area were as
large as 95 mg/L (at Wahluke Branch 10A Wasteway),
SAR values did not exceed 2. SAR values were all within
the low sodium hazard classification for irrigation water,
but most of the specific conductance values were within
the medium salinity hazard classification for irrigation
water.

Nitrate concentrations, like dissolved solids,
increased in a downstream direction and exhibited sea-
sonal variation. During non-irrigation season, nitrate con-
centrations at sites such as Sand Hollow Creek, Wahluke
Branch 10A Wasteway, EL68D, and Frenchman Hills
Wasteways were larger than during irrigation season (fig.
11). Seasonal variation in nitrate concentrations probably
indicates that nitrogen from crop fertilizer has leached
from the soils into tile drains and the shallow ground-
water system and entered the stream channel as baseflow.
During irrigation, nitrate concentrations in surface-water
samples were small when the large volume of dilute
Columbia River water dominated streamflows. Nitrate
concentrations observed during the study were small,
ranging from less than 0.05 to 12 mg/L.. Orthophosphorus
concentrations ranged from less than 0.01 to 0.42 mg/L.
Only in the March sample from Sand Hollow Creek did a
nitrogen concentration exceed USEPA’s maximum
contaminant level (MCL) of 10 mg/L.
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Trace Elements

Trace elements determined in the study included
arsenic, boron, selenium, uranium, and several metals. If
present in natural water systems, th=se elements are usu-
ally found in small concentrations on the order of micro-
grams per liter. Some trace elemen‘s are important
micronutrients for plants or animals; however, these same
elements can be toxic at elevated concentrations,

Median trace-element concentrations were small,
and some were less than analytical reporting limits.
Because most of the samples had concentrations that did
not exceed various protection criter*a for drinking, aquatic
life, or irrigation, trace elements in water do not appear to
pose a threat to human or wildlife health. Concentrations
of chromium, lead, mercury, and se'snium in many of the
water samples were less than analytical reporting limits
(see table 25). Cadmium concentrations were less than the
reporting limit of 1 pg/L in all samples collected. A few
trace elements--boron, molybdenum, uranium, and vana-
dium--were present in water samples collected from the
wasteways with large percentages cf reused water and the
concentrations tended to be larger during non-irrigation
season than during irrigation seasor. Although concentra-
tions of some of the trace elements increased in a down-
stream direction and with water reuse, none exceeded any
standards or criteria,

Two factors control and minimize trace-element con-
centrations in the water of the CBP. (1) The CBP is for
the most part a flow-through system with only a few termi-
nus collection ponds or lakes; and (2) the large quantity of
imported Columbia River water dil'ites the concentrations
of constituents that typically accumulate in irrigation
drainage.

Boron

Boron is found in nature as a sodium- or calcium-
borate salt and as the mineral tourmaline in igneous and
granitic rocks (Hem, 1989). Small amounts of boron are
essential for plant growth; however. large concentrations
in irrigation water or in the soil are harmful to certain
plants. Concentrations of boron in water samples from the
CBP were considerably less than 779 pug/l., the maximum
value recommended by USEPA (1¢%6) for the long-term
irrigation of sensitive crops. The mwedian value was
20 pg/L, and concentrations rangec from less than 10 to
150 ng/.. The maximum value wzs observed in the
March sample from Frenchman Hil": Wasteway. The next
largest value, 100 ng/L, was observed in the November
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sample from Wahluke Branch 10A Wasteway. Boron con-
centrations increased in a downstream direction that corre-
sponded to water reuse through the irrigation project.

Molybdenum

Molybdenum occurs naturally in several types of
metallic ores and is found in detectable concentrations in
surface and ground waters, sediment, and vegetation
(Hem, 1989). Molybdenum tends to accumulate in plants
in quantities that can adversely affect grazing animals
(Dye and O’Hara, 1959); however, it is also an essential
element in animal and plant nutrition (Hem, 1989). The
USEPA (1986) recommends a maximum value of 10 pug/L
for the long-term irrigation of sensitive crops and Environ-
ment Canada (1979) recommends a maximum of 200 ug/L
for the protection of aquatic life. Natural surface waters
not affected by a contamination source typically have
molybdenum concentrations of less than 1 pug/L. (Hem,
1989). Concentrations in samples from this study were
from less than 1 to 7 ug/L, with a median value of 2 pg/L.
Molybdenum concentrations were usually larger in sam-
ples collected during the non-irrigation season. Concen-
trations of 6 ug/L in samples from Lind Coulee Wasteway
and 7 ng/L from Wahluke Branch 10A Wasteway during
non-irrigation season were diluted to less than 3 pg/L
during irrigation season.

Uranium

Uranium is more abundant in the earth’s crust than
mercury, antimony, silver, or cadmium and is found in sev-
eral minerals (CRC Press, 1975). Uranium concentrations
in most natural waters range from 0.1 to 10 pug/L, but con-
centrations can exceed 1,000 Lg/L in water associated
with uranium ore deposits (Hem, 1989). The median con-
centration of the samples collected in the CBP was
2.4 ng/L. Concentrations, from 1.2 to 5.9 ug/L, were all
less than the USEPA (1991b) MCL of 20 pg/L for drink-
ing water. Uranium concentrations tended to increase in a
downstream direction and were largest (more than
4.0 pg/L) in the southern wasteways: Crab Creek near
Beverly, Saddle Mountain Wasteway, Wahluke Branch
10A Wasteway, PE16.4 Wasteway, and Esquatzel Coulee
Wasteway.
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Vanadium

Vanadium, an element involved in the biochemistry
of living organisms, is present in plants, coal, and petro-
leum (CRC Press, 1975). In nature, vanadium can be
present in minerals containing uraniurr, Most surface
waters rarely contain vanadium in concentrations greater
than 10 pg/LL (Hem, 1989). In the CBT, however, concen-
trations tended to be larger, with the median concentration
of 12 pg/L. and the range from 1 to 37 ug/L. All concen-
trations of vanadium observed were substantially less than
the criterion of 100 ug/I. recommended for irrigation
water by the National Academy of Sciences and National
Academy of Engineering (1973).

Concentrations of vanadium were larger downstream
of Billy Clapp Lake, the reference site. Also, concentra-
tions were usually larger in samples co'lected during non-
irrigation season than during irrigation season. In
ground-water-fed Rocky Ford Creek, vanadium concentra-
tions an order of magnitude larger than in Billy Clapp
Lake suggest a source of vanadium is the aquifer materi-
als. The largest concentrations of vanadium (more than
30 ng/L) were observed in Frenchman Hills, Lind Coulee,
EL68D, and PE16.4 Wasteways. Thes= sites also had
large concentrations of uranium, suggesting that vanadium
and uranium might share a common mi~eral source within
the aquifer materials.

Other Trace Elemerts

Arsenic is ubiquitous in nature. }ost forms of
arsenic are toxic to animals and plants, but the trivalent
(As®) form is more toxic than the pen‘avalent (As>*)
form. For drinking water, the USEPA MCL for arsenic is
50 pg/L (see table 11). To protect aquatic life, the USEPA
(1986) recommends a chronic freshwater criterion (a
4-day average concentration occurring once in a 3-year
period on the average) of 190 pg/L of As**. Arsenic con-
centrations in CBP water samples were small with a
median concentration of 3 ug/L.. About 10 percent of the
samples had concentrations less than tt ¢ reporting limit,
and no sample concentration exceeded USEPA standards
or criteria. The maximum arsenic concentration of
12 ug/L. was in the March sample fromr Lind Coulee
Wasteway.



Chromium is found in air, soil, and living organisms,
but is usually absent from natural water or present only in
trace amounts (Hem, 1989). Elevated concentrations of
chromium are harmful to human beings and toxic to fish
and freshwater invertebrates. The USEPA (1992a) desig-
nated a drinking water MCL of 100 ug/L for chromium
and a freshwater chronic criterion of 210 pg/L for the pro-
tection of aquatic life (U.S. Environmental Protection
Agency, 1986) (see table 11). Chromium was detected in
only three samples collected during the study: the Novem-
ber and March samples from Crab Creek near Beverly and
the March sample from Wahluke Branch 10A Wasteway.
The concentrations in these three samples did not exceed

10 ug/L.

Copper exists in nature as the metal and as a compo-
nent of various minerals. The oxides and sulfates of cop-
per are used in pesticides and incorporated into paints and
wood preservatives to inhibit biological growth. Copper is
an essential micronutrient for plants and animals, but is
toxic to aquatic life if the water has low alkalinity or hard-
ness. The chronic criterion to protect freshwater life is
12 png/L in water that has a hardness of 100 mg/L. Eighty-
six percent of the samples collected during this study were
equal to or less than the analytical reporting limit of
1 ug/L. The median copper concentration for the study
was 0.7 pg/L. In comparison, in a study of more than
1,500 surface waters, the USEPA (1976) reported an
average copper concentration of 15 ug/L.

Lead and mercury concentrations in natural water are
typically small because they tend to complex with inor-
ganic and organic substances. In addition, mercury is vol-
atile and escapes to the atmosphere as vapor (Hem, 1989).
Both metals can accumulate in animal and human tissues
and are highly toxic. The concentrations of lead and mer-
cury in the water samples were mostly less than the analy-
tical reporting limits of 1 pg/L (table 25). Two concentra-
tions--one each of lead and mercury--were particularly
large, but they could be incorrect due to analytical or sam-
pling errors. The November sample from Crab Creek near
Beverly had a lead concentration of 29 ug/L, which
exceeds the USEPA (1986) criterion of 3.2 ug/L for the
protection of freshwater life. The March sample from
EL68D Wasteway had a mercury concentration of
3 ug/L, which exceeds USEPA’s (1992a) MCL of 2 ug/L.
for drinking water and acute freshwater criterion of
2.4 pg/L for the protection of aquatic life.

Selenium is found in some sandstones and lime-

stones and is associated with uranium ore deposits
(National Academy of Sciences, 1976). NIWQP studies
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of several irrigation project areas in the western States
have shown that seleniferous marine shales of Cretaceous
age are important sources of selenium t" soils derived
from these formations (Feltz and others. 1990; Sylvester
and others, 1988). Selenium is also a component of some
pesticides. Because of selenium toxicity to humans, the
USEPA (1992a) has designated an MCL of 50 pg/L in
drinking water. To protect aquatic life, the USEPA (1986)
recommended a chronic freshwater criterion of 5 pg/L and
an acute freshwater criterion of 20 g/L.. Lemly and Smith
(1987) indicated that selenium concentrations greater than
2-5 ug/L in water can be bioconcentrated in the food chain
and cause toxicity and reproductive fail rre in fish. Only
three samples collected during this study had selenium
concentrations greater than the analyticz] reporting limit of
1 ug/L. No selenium concentration exceeded either of the
fresh-water criteria; however, the maxirum concentration
of 4 ug/L determined in the March sam»le from EL68D
Wasteway is within the range of concentrations (2-5 pg/L)
that can adversely affect fish (Lemly an1 Smith, 1987).
Concentrations in the March samples from PE16.4
Wasteway and Esquatzel Coulee Wastevay were 2 pug/L.

Zinc is commonly associated with the sulfides of
such metals as lead, copper, cadmium, and iron. Zinc is an
important micronutrient in human metaYolism. Because
zinc can be toxic to aquatic life, the USEPA (1986) recom-
mended a freshwater chronic criterion ¢f 110 pg/L in
water with hardness of 100 mg/L.. Beczuse zinc can also
be toxic to a variety of plants, Environment Canada (1979)
recommended a limit of 2,000 pg/L zin in irrigation
water. Although numerous sources of zinc exist in the
Columbia River watershed, the median concentration of
zinc in CBP water samples was 3.7 p1g/l., and ranged from
less than 3 to 13 ng/L.

Pesticides

Pesticides are a large group of synthetic organic
compounds with many different chemical and physical
properties. These properties, especially aqueous solubili-
ties, determine the extent to which pestizides and other
organic compounds are found in water, bottom sediment,
and tissues of aquatic organisms (Smith and others, 1988).
Pesticides enter surface-water bodies in several ways, but
eroded soil containing sorbed pesticide residues is consid-
ered the primary source of contaminants to surface-water
systems (Smith and others, 1988). Because of their inher-
ent toxic design, pesticides can cause ernvironmental harm
despite small concentrations.



In this study, insecticides and herbicides were the
two major classes of pesticides of interest. In addition to
their unique designs to act on biota, insecticides and herbi-
cides typically behave differently in the water environ-
ment, Non-ionic compounds, such as organochlorine
insecticides and PCBs, are nearly insoluble in water and
are usually found to be less than analytical reporting lim-
its. Instead, they tend to sorb to soils and bottom sediment
by partitioning into organic matter where their concentra-
tions can become relatively large and persist for several
years (Smith and others, 1988). These types of organic
compounds can concentrate in biological tissues and have
the potential to adversely affect the organism itself or its
predators. In contrast to chlorinated insecticides, the
organophosphorus insecticides, such as diazinon and
malathion, are relatively soluble in water and do not tend
to partition into organic matter (Smith and others, 1988).
Ionic compounds, such as the acid herbicides, typically are
soluble in water. The herbicides do not tend to bioconcen-
trate and are generally non-persistent in the environment.
Many herbicides are rapidly degraded by microbial action
or by photolytic or hydrolytic reactions (Smith and others,
1988).

Most of the different types of insecticides, herbi-
cides, and other organic compounds analyzed for in this
study were not detected in 51 water samples (table 26). Of
those that were detected, there were 18 positive detections
of insecticides such as chlorpyrifos, DDT, DDE (a meta-
bolic product of DDT), dieldrin, disulfoton, lindane,
malathion, methyl parathion, and methoxychlor; however,
only 7 of the 18 detections were greater than the analytical
reporting limit. There were 31 positive detections of her-
bicides, mostly of 2,4-D (table 12). Most pesticide detec-
tions were observed in samples collected in July during the
irrigation season. Insecticides were detected only in the
July samples from six sites; Potholes Reservoir in east
arm, Lower Crab Creek at McManamon Road, Lower
Goose Lake, EL68D Wasteway, PE16.4 Wasteway, and
Esquatzel Coulee Wasteway. The single detected concen-
tration of DDT (0.002 pg/L) and of methoxychlor
(0.07 pg/L), and the maximum observed concentration of
dieldrin (0.014 pg/L) exceeded USEPA (1986) chronic
criteria for the protection of aquatic life (see table 11).
Except for methoxychlor, these insecticide values were
from the sample taken at EL68D Wasteway; methoxychlor
was detected in the sample from Lower Crab Creek at
McManamon Road. In general, pesticides were present in
more variety and in more samples of water from EL68D
Wasteway than from any of the other sites, however the
concentrations were small.
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The herbicide 2,4-D was detected in more samples
than any other pesticide during the study; 26 samples,
mostly collected in July during the irrigation season, had
2,4-D present in concentrations ranging from 0.01 to
1.0 pg/L. The maximum value of 2,4-D observed during
this study was in the November (po-t-irrigation) sample
collected from PE16.4 Wasteway; 2,4-D was not detected
in any of the March samples (pre-irrigation). Two other
herbicides detected in water sample= were dicamba and
picloram. Dicamba ranged in concentrations from 0.01 to
1.0 pug/L in samples collected from Moses Lake in Parker
Horn arm, Wahluke Branch 10A Wasteway, and Saddle
Mountain Wasteway. Davis (1993) also found dicamba in
Crab Creek near Beverly in a conceration of 0.01 pg/L.
Picloram was detected at a concentration of 0.02 pg/L in
one sample from Winchester Waste vay.

Concentrations of Constituents in Bottom
Sediment

Bottom sediment in surface-water systems is com-
posed of fine-, medium-, and coarse-grained minerals and
organic particles in varying proportions. The bottom sedi-
ment is important because it provides habitat to aquatic
organisms, many of which are an irnortant part of the
food-chain base. Bottom sediment also serves as a sink,
collecting a wide range of chemical~ and debris that enter
into streams and lakes. Some chem‘cals and metals can
accumulate in larger amounts in bot*om sediment than are
found in the overlying water body. In the bottom sedi-
ment, various compounds can be chemically and biologi-
cally transformed into more or less toxic forms, or they
can be taken up by benthic organisms and eventually con-
taminate fish, wildlife, and humans through the food
chain. Direct transfer of chemicals from bottom sediment
to benthic organisms is considered an important exposure
pathway (Burton, 1992).

Samples of bottom sediment c~llected from 21 sam-
pling locations during irrigation sea<on were analyzed for
trace elements and organochlorine insecticides. The
results of trace-element analyses are listed in table 27 and
the results of organochlorine-insecticide analyses are
listed in table 28 at the end of the report. As has been done
in other NIWQP studies, summarier of trace-element con-
centrations in the samples from this study are compared
with geochemical baseline concentrations established for
soils in the western United States (Shacklette and Boern-
gen, 1984) (see table 13).



Table 12.--Summary of insecticides, herbicides, and other organic compounds in water samples from the Columbia

Basin Project, November 1991, March 1992, and July 1992

[Concentrations are in micrograms per liter; --, not applicable])

Number
of Maximum Site where maximum
Compound (trade name) detections concentration concentration was detected

Aldrin 0 - --

Chlordane 0 -- --

Chlorpyrifos (Lorsban) 3 0.03 EL68D Wasteway

DDD 0 - --

DDE 1 0.003? EL68D Wasteway

DDT 1 0.002? EL68D Wasteway

Diazinon 0 -- --

Dieldrin 6 0.014? EL68D Wasteway

Disulfoton (Disyston) 1 0.01 EL68D Wasteway

Endosulfan (Thiodan) 0 - --

Endrin 0 -- --

Ethion 0 -- --

Ethylan (Perthane) 0 -- --

Fonofos (Dyfonate) 0 -- -

Heptachlor 0 - --

Heptachlor epoxide 0 -- -~

Lindane 1 0.001 EL68D Wasteway

Malathion 1 0.03 Lower Crab Creek,
McManamon Road

Methoxychlor 1 0.07® Lower Crab Creek,
McManamo~ Road

Methyl parathion 3 0.01 Potholes Resevoir, east arm;
Lower Goos~ Lake;
EL68D Wasteway

Mirex 0 - --

Parathion 0 - --

Phorate (Thimet, Rampart) 0 - --

Toxaphene 0 -~ --

Trithion 0 - --

2,4-D 26 1.0 PE16.4 Wasteway

2,4,5-T 0 - -

2,4-DP 0 -- --

Dicamba (Banvel) 4 1.0 Saddle Mountain Wasteway

Picloram (Tordon) 1 0.02 Winchester Wasteway

S,S,S-Tributylphosphoro-

trithioate (DEF) 0 -- --

2,3,4-TP (Silvex) 0 - --

PCB 0 - --

PCN 0 -- --

2 Concentration exceeds U.S. Environmental Protection Agency (1986) 24-hour chronic criterion.
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Table 13.--Summary of trace-element concentrations in bottom-sediment samples from the Columbia Basin Project
and geochemical baseline concentrations for soils from the western United States

[Total concentrations, in micrograms per gram unless otherwise indicated; %-Wt, percent by weight; >, greater than,;
<, less than; --, no data]

Bottom sediment Western soils®

Geometric Base'ine
Element Median Range mean range.®
Aluminum (%-Wt) 6.6 23-74 58 0.5->10
Arsenic 4.6 30-11.0 55 1.2-22
Barjum 570 190 - 760 580 200 - 1,700
Beryllium 2 <1-2 0.68 0.13-36
Boron 04 <0.2-1.0 23 58-91
Cadmium <2 <2 -- -
Calcium (%-Wt) 3.7 2.1-15 1.8 0.19-17
Carbon (%-Wt) 2.0 0.13-16 -- -
Chromium 34 11-48 41 8.5-200
Copper 20 12-43 21 49-90
Iron (%-Wt) 3.9 095-5.0 2.1 0.55-8.0
Lead 11 5-18 17 52-55
Magnesium (%-Wt) 1.3 0.50-2.0 0.74 0.15-3.6
Manganese 660 150 - 2,800 380 97 - 1,500
Mercury 0.017 <0.02-0.03 0.046 0.0085 - 0.25
Molybdenum <2 <2-3 0.85 0.18-40
Nickel 16 6-23 15 3.4-66
Phosphorus (%-Wt) 0.10 0.07 -0.17 0.032 0.005¢- 0.17
Potassium (%-Wt) 1.5 0.45-23 1.8¢ 0.38-3.2
Selenium 0.3 <0.1-4.1 0.23 0.039-14
Silver <2 <2 - -
Sodium (%-Wt) 1.7 0.80-2.1 0.97 0.26 - 3.7
Strontium 380 180 - 590 200 43-930
Thorium 6.9 <3-10 9.1 4.1-20
Titanium (%-Wt) 0.50 0.13-0.67 0.22 0.069 - 0.70
Uranium 24 1.8-8.0 25 12-53
Vanadium 120 52-180 70 18- 270
Yttrium 17 5-21 22 8 -60
Ytterbium 2.0 <1-3 26 098-69
Zinc 66 32-96 55 17- 180

2 Modified from Shacklette and Boerngen (1984).
b Range in which 95 percent of sample concentrations are expected to occur.
¢ Arithmetic mean.
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Many of the trace elements of interest in the bottom-
sediment samples were present only in small concentra-
tions. Concentrations of beryllium, mercury, and molyb-
denum were mostly less than reporting limits; cadmium,
silver, and gold were not detected in any of the samples
(see table 27). The median concentrations of most trace
elements were within the baseline range of concentrations
for western soils. In bottom sediment from the CBP
(based on median concentrations), the common elements
were calcium, iron, magnesium, manganese, phosphorus,
sodium, strontium, titanium, and vanadium (table 13).

Of all the trace-element concentrations measured,
only the maximum observed concentrations of selenium,
uranium, and manganese exceeded the upper value of the
baseline range of concentrations. The maximum observed
selenium concentration of 4.1 pg/g (micrograms per gram)
was essentially the same as the value (4.0 [1g/g) identified
as a level of concern for the health of wildlife (Joe
Skorupa, U.S. Fish and Wildlife Service, oral commun.,
April 1993). Both the maximum observed selenium and
uranium concentrations (8.0 pg/g) were found in the
sample taken from Rocky Ford Creek; the maximum con-
centration of manganese (2,800 j1g/g) was in the sample
collected from Lower Crab Creek at McManamon Road.
Although the maximum concentrations of selenium and
uranium in bottom sediment were large compared with the
baseline concentrations, they were exceptionally small
compared with concentrations observed in other irriga-
tion-drainage study areas. For example, in the Middle
Green River Basin (Utah), selenium concentration in the
bottom sediment (less than 63 micrometer fraction) was as
much as 85 pg/g and uranium was as much as 18.6 ng/g
(Stephens and others, 1988).

A variety of organochlorine pesticides were found in
bottom-sediment samples collected throughout the CBP.
Of 17 organic compounds in the analytical suite, 7 com-
pounds--chlordane, ethylan, heptachlor, lindane, tox-
aphene, PCBs, and PCNs--were not detected in any of the
bottom-sediment samples (see table 28). Samples from all
but two sites had at least one detection of some insecticide.
Seven insecticides were detected in the sample from
Lower Goose Lake: aldrin, DDT, DDD, DDE, dieldrin,
endosulfan, and methoxychlor. A greater variety of insec-
ticides was detected in the samples from Lower Goose
Lake, Frenchman Hills Wasteway, Sand Hollow Creek,
and EL68D Wasteway than from the other sites.

In a report on the intensively irrigated Yakima River
Basin, Rinella and others (1992) described the direct rela-
tion between organochlorine-insecticide concentrations
and the suspended sediment from eroded agricultural soils.
A similar relation probably exists for several of the CBP
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wasteways, particularly for EL68D ard Lind Coulee,
which carry large amounts of suspended sediment. These
two wasteways flow through areas where gravity irriga-
tion, which causes substantially more soil erosion from the
fields than sprinkler irrigation, is the rost common
practice.

Numerous detections of the banred organochlorine
insecticides, DDT and dieldrin, and the DDT metabolites,
DDD and DDE, show that these comp~unds still persist in
much of the CBP. Of all the organochlorine compounds
determined, DDE was detected most frequently; 18 of the
21 samples had DDE concentrations as large as 7.8 ug/kg
(micrograms per kilogram) (table 14). Of the insecticides,
dieldrin and DDT were detected in 8 of the 21 samples in
concentrations as large as 3.6 and 4.0 ug/kg, respectively.
Compared with concentrations in sedi nent samples from
the Yakima River Basin, however, the concentrations of
dieldrin and DDT in bottom sediment from the CBP are
quite small: maximum concentrations of 90 pg/kg (DDT)
and 14.9 pg/kg (dieldrin) were measur=d in sediment from
Yakima River Basin wasteways (Rinella and others,
1992). Sampling sites with the largest observed concen-
trations of organochlorine compounds were EL68D
Wasteway with 2.7 ug/kg of DDD and 7.8 pug/kg of DDE;
and Upper Crab Creek with 3.6 pg/kg of dieldrin. The
sample from Lind Coulee Wasteway contained the largest
concentration of DDT--4.0 ug/kg. The magnitude of this
concentration could have been due in part to the June 1992
rupture of East Low Canal that washed agricultural soils,
which might have contained quantities of unmetabolized
DDT, into Lind Coulee Wasteway.

Methoxychlor, another organoch'orine insecticide,
came into extensive use in 1969 as a replacement for DDT
(Smith and others, 1988). Factors that contribute to the
movement of methoxychlor in the environment include its
volatility and its tendency to drift. Wken methoxychlor is
sprayed, as much as 50 percent can drift out of the target
area (Gardner and Bailey, 1975). Methoxychlor was
found in samples from nine of the sites. The sample from
Lind Coulee Wasteway contained the largest value of
methoxychlor (2.4 ng/kg); the sample from Rocky Ford
Creek contained the second-largest concentration
(1.4 mg/kg). Other published NIWQP reconnaissance
studies have reported only one detection of methoxychlor
in bottom sediment at a concentration of 1 pg/kg, with no
detections in water.

Because of the fishery decline in Moses Lake, the
incidence of pesticide detections in the lake is of interest.
Methoxychlor was present at a concen‘ration of 0.4 ug/kg
in the bottom-sediment sample from Po-ker Horn arm of
Moses Lake. Other organochlorine compounds in the



Table 14.--Summary of insecticides and other organic compounds in bottom-sediment samples from the

Columbia Basin Project, July 1992

[Concentrations are in micrograms per kilogram; --, not applicable])

Number of Historical Medians' (1974-7%\

sampling

sites where Frenchman Lind Crab Creek Crab

compounds Maximum Hills Coulee near Creek
Compound (trade name) were detected  concentration Wasteway  Wasteway  Beverly Lateral
Aldrin 5 0.7 -- - -- -
Chlordane 0 -- -- -- - -
DDD 12 2.7 -- 3 -- 6
DDE 18 7.8 -- 7 -- 11
DDT 8 4.0 1 10 - 11
Dieldrin 8 3.6 6 8 3 7
Endosulfan (Thiodan) 4 0.3 -- -- - -
Endrin 1 0.1 -- - - --
Ethylan (Perthane) 0 - - - -- -
Heptachlor 0 - -- -- -- -
Heptachlor epoxide 4 1.0 -- -- -- -
Lindane 0 - -- -- -- -
Methoxychlor 9 24 -- -- -- -
Mirex 1 0.2 -- -- - -
Toxaphene 0 - -- - -- -
PCBs 0 -- -- -- -- -
PCNs 0 -- - - - -

! From K. E. Greene, U.S. Geological Survey, written commun., April 1993.

Parker Horn arm sample included DDT and its metabolites
and heptachlor epoxide (the oxidation product of hep-
tachlor). DDD and DDE were found also in the other two
Moses Lake samples: one collected in the Rocky Ford
arm and one collected in the south end.

Concentrations of Constituents in Biota

Because some trace elements and pesticides accumu-
late in biota, the analysis of biological tissue for these con-
stituents can provide two important types of information.

(1) Contaminant integration--Contaminants distributed

unevenly in space and time within the environment
are integrated in biological tissue. Biota are exposed
to the contaminant throughout the habitat over time
and can provide a measure of central tendency of the
concentration in the environment. Contaminants
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introduced into a stream can scmetimes be detected
in biota for a period of time after the contaminant has
moved downstream and is no lnnger detectable in a
water sample at the point of discharge.

(2) Potential toxicity--Concentrations of some

contaminants in tissue can be compared with other
studies that have documented adverse effects as an
initial step in evaluating potential contaminant
effects on biota in the study area.

A trace element or pesticide de*ermined in biological

tissue is referred to as elevated if it I as accumulated to
concentrations greater than (1) those: measured at refer-
ence sites; (2) concentrations considered to be elevated in
monitoring programs or studies; or (3) concentrations gov-
erned by established criteria. The term "elevated” does
not imply that the constituent at such a concentration will
adversely affect the organism or the environment.



A trace element or pesticide is referred to as causing
adverse effects if the concentration of the constituent in
the tissue or a food is similar to or higher than concentra-
tions shown in exposure studies to result in physiological
or behavioral aberrations. Effects can occur at the individ-
ual, population, or community level of the ecosystem and
can be as obvious as mortality, or as subtle as a reduction
in alert behavior that results in an increased likelihood of
predation. Tissue concentrations can be compared with
those measured in laboratory exposure studies that docu-
mented contaminant effects. The difficulty of extrapo-
lating experimental laboratory results to the complex,
dynamic ecosystem limits the adequacy with which
laboratory and field data can be compared.

Trace Elements

Unlike synthetic organic contaminants, trace ele-
ments occur naturally in aquatic systems and biological
tissue. Many trace elements are essential micronutrients,
whereas others have no known biological function.
Organisms are able to regulate some trace elements, but
the biological regulatory mechanisms can be overwhelmed
by large concentrations. Toxicity to biota from different
trace elements ranges from highly toxic to virtually non-
toxic, and varies with environmental characteristics of the
water or sediment such as temperature and pH. Effects to
biota caused by the presence of certain trace elements can
be difficult to assess because of antagonistic or synergistic
effects caused by exposure to more than one contaminant.

Few regulatory standards or criteria are available for
trace element tissue concentrations in biota. Although the
effects of some trace elements such as selenium and
mercury have been documented, most of the less-toxic ele-
ments have received little attention. For this study, con-
centrations of trace elements in whole fish from the CBP
were compared with the NCBP 85th percentile value
(Schmitt and Brumbaugh, 1990) and were designated as
elevated if trace-element concentrations exceeded the
NCBP value. Thus, an elevated concentration is one that
exceeded the concentrations found in 85 percent of several
fish species collected from 109 stations on major rivers
throughout the United States. Trace-element concentra-
tions in other biota samples from the CBP were compared
with results from a variety of studies. Results for adjacent
sites were also compared to determine if a pattern of con-
centrations existed that might help explain the source of
the element. Only those elements that were found in CBP
biota in elevated concentrations or those elements that are
typically a problem in irrigation drainage are discussed in
this section. The results of the trace-element analyses for

51

fish, birds, pondweed, and snails collected are provided in
tables 30 (in wet weight) and 31 (in d-y weight) at the end
of the report. The results of the trace-element analyses for
bird eggs are shown in table 32 (both wet and dry weight).

Arsenic

Arsenic concentrations are not elevated in CBP biota
with the exception of arsenic concent-ations in coots. In
general, arsenic concentrations in CBP biological tissues
were less than concentrations reported in other studies and
reviews that were considered to be elevated or that caused
effects in dietary exposure studies (table 15). Arsenic con-
centrations ranging from nondetectio to 9.25 pg/g dry
weight in the livers of juvenile coots from all the coot
collection sites except Billy Clapp Lzke were similar to
concentrations (0.5 to 9.9 pug/g dry weight) in the livers of
10-week old mallards adversely affected by the consump-
tion of arsenic-supplemented meal given during laboratory
studies. These mallards exhibited recuced growth,
increased resting time, and alteration of a variety of
enzyme and blood chemistry levels (Camardese and
others, 1990). In pondweed, arsenic concentrations were
within the range of concentrations (1.43 to 13 pg/g dry
weight) found in aquatic plants collected from reference
sites (Eisler, 1988). In snails, the con~entrations were less
than those found by Spehar and others (1980) to cause
mortality in other genera of freshwater snails and were
within the range of concentrations (from less than 0.5 to
20 pg/g dry weight) found in various invertebrates col-
lected from uncontaminated fresh wa‘ers (Moore and
Ramamoorthy, 1984). Two of 44 cam had an arsenic
concentration of 0.28 pg/g wet weight, approximately the
same as the NCBP 85th percentile leve] of 0.27 pg/g wet
weight (Schmitt and Brumbaugh, 19¢0).

All samples of plant-consuming animals contained
arsenic and the concentrations tended to be greater in the
herbivorous species than in predatory species. Arsenic
concentrations in snails, which feed cn the epiphytic com-
munities of pondweed and other aquetic plants, were
greater than concentrations in the pordweed. Abouta
third of the samples of omnivorous carp, most of the sam-
pled juvenile coots (primarily an hert ivorous bird spe-
cies), and half of the sampled coot eggs contained arsenic.
None of the samples of predatory per-h contained detect-
able amounts of arsenic, and only one collected juvenile
grebe, a predatory species, and one sampled grebe egg
contained any arsenic. Knapton and others (1988)
reported similar results in their study in which juvenile
coots contained arsenic, but eared grebes and American
avocets did not contain detectable amrounts.
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Boron

In general, boron concentrations were not elevated in
CBP biota samples. However, in pondweed samples,
boron had accumulated to elevated concentrations that
could affect wildlife consuming this plant (table 16).
Pondweed is an important dietary item for many bird
species that feed on aquatic plants. Boron concentrations
tended to be elevated in pondweed samples from sites
receiving irrigation return flow: Potholes Reservoir in the
west arm, Saddle Mountain Wasteway, Wahluke Branch
Wasteway Lake, and Winchester Wasteway. In the pond-
weed samples from these sites, concentrations ranging
from 216 to 567 ug/g (dry weight) were elevated com-
pared with concentrations (18 to 170 pug/g dry weight)
reported by Eisler (1990) for several species of pondweed
from uncontaminated sites. Boron concentrations were
small (less than 300 pug/g dry weight) in pondweed sam-
ples from Billy Clapp Lake, which receives little or no
return flows, and in pondweed samples from Moses Lake,
which receives large quantities of source water.

Boron concentrations found in pondweed from the
CBP were similar to concentrations identified in several
dietary exposure studies as affecting health and reproduc-
tion. In one study, mallard ducklings received feed sup-
plemented with a range of concentrations of boron from
time of hatching to 10 weeks old (Hoffman and others,
1990). At 400 uig/g wet weight (approximately 444 pg/g
dry weight) in feed, brain chemistry was significantly
altered, food consumption was reduced for the first few
weeks, and behavioral changes included increased resting
time and decreased standing and bathing time. Ducklings
on the 100 pg/g diet (approximately 111 pg/g dry weight)
responded similarly to controls. In another study where
both parent and duckling mallard diets were supplemented
with boron, adults were fed the 30 and 300 ig/g diets
(approximately 33 and 333 pg/g dry weight), which
caused a decrease in their duckling’s hatching weights,
and the 300 pg/g diet fed to ducklings caused a slower
weight gain than normal within the 21 days after hatching
(Smith and Anders, 1989).

Boron concentrations of as much as 1.56 pg/g dry
weight in CBP coot livers were less than in duckling livers
(1 to 36 png/g dry weight) in the two dietary exposure stud-
ies described in the preceding paragraph. Boron concen-
trations in coot livers and pondweed were somewhat
related; of the four sites where both coots and pondweed
were collected, Saddle Mountain Wasteway had the largest
concentrations in pondweed and the greatest frequency of
coot liver samples with detectable concentrations of
boron.
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Cadmium

Cadmium concentrations did not appear to be accu-
mulating in the pondweed and birds on the basis of analy-
ses of samples collected. Cadmium con~entrations in fish
were larger in this study than in a 1985 study, when con-
centrations in a variety of fish species co'lected throughout
the CBP area were less than the reportin? limit of
0.06 pg/g wet weight (Block, 1993). The mean cadmium
concentrations of 0.15 pg/g wet weight for the perch and
0.08 ug/g wet weight for the carp sampl:s exceeded the
NCBP 85th percentile concentration of 0.05 pug/g wet
weight (Schmitt and Brumbaugh, 1990) (table 17). Carp
and perch samples collected from Billy Clapp Lake had
the largest and second-largest mean concentrations of cad-
mium, respectively. Cadmium concentrations of as much
as 1.07 pg/g wet weight in all 30 perch and 14 of 44 carp
samples exceeded the NCBP 85th percentile. Although
cadmium concentrations in the fish were elevated com-
pared with nationwide monitoring result~ the concentra-
tions were well below 5.0 [Lg/g wet weight, a value which
Eisler (1985b) considered to be life-threatening to the fish.

Snails collected during the study ccntained cadmium
in concentrations that ranged from less than 0.099 to
2.36 ug/g dry weight and greatly exceed=d the reference
concentration of less than 0.0005 [tg/g d - weight estab-
lished in an exposure study of a freshwa‘er snail (Physa
gyrina) by Wier and Walter (1976). However, the mean
concentration of 0.74 pg/g dry weight fcr the nine snail
samples was much less than the 2.1 pg/g dry weight
observed in freshwater molluscs from a stream affected by
industry (Moore and Ramamoorthy, 1984). Cadmium
probably has not adversely affected the snails, as all the
concentrations were well below those (from 50 to
100 pg/g dry weight) found to cause mo-tality to Physa
integra in an exposure study by Spehar and others (1978).

Chromium

Chromium concentrations (table 18) were elevated in
CBP biota compared with results from Eisler (1986), who
reported that concentrations of chromiur greater than
4.0 pg/g dry weight in biological tissues should be consid-
ered presumptive evidence of chromium contamination.
In the CBP, chromium in 31 of 44 carp a1d 16 of 30 perch
exceeded this concentration (fig. 12); 2 of the carp
contained more than 7 times this concen‘ration.

Chromium concentrations in 3 of the 18 pondweed
samples exceeded 5 |g/g dry weight, a concentration sel-
dom found in aquatic plants from uncontaminated fresh
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Figure 12.--Concentrations of chromium in fish samples from the
Columbia Basin Project. Site abbreviation is map identifier (fig. 9); see
text page 22 for explanation of map identifier.
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water (Moore and Ramamoorthy, 1984). Chromium con-
centrations in the CBP pondweed samples, ranging from
2.18 to 10.9 pg/g dry weight, were also greater than con-
centrations (1.04 to 1.28 ug/g dry weight) found in sam-
ples of two species of Potamogeton from the Kennebec
River in northern New England (Friant, 1979).

Unlike concentrations in the fish and pondweed sam-
ples, chromium concentrations did not appear to be ele-
vated in the snails from the CBP. In the snails, chromium
concentrations were all less than 5 pug/g dry weight, which
was typical of chromium concentrations in freshwater
invertebrates collected from uncontaminated sites (Moore
and Ramamoorthy, 1984).

The reason for the incidence of elevated chromium
concentrations in the CBP biota is not known. Although
chromium was present in all the bottom-sediment samples,
probably from a natural but unknown geologic source, the
concentrations were typical of western soils; in water, the
concentrations of chromium were generally less than the
reporting limit. Chromium is not a major component of
the slag discharged into the Columbia River (S.E. Cox,
U.S. Geological Survey, written commun., April 1993)
and it is not elevated in FDR Lake.

Copper

Except for pondweed, copper concentrations were
elevated in CBP biota. Concentrations in 7 of 30 perch
and 42 of 44 carp exceeded the NCBP 85th percentile con-
centration of 1.0 lg/g wet weight (Schmitt and Brum-
baugh, 1990) (fig. 13). Mean copper concentrations in
perch (0.85 pg/g wet weight) and in carp (1.9 pg/g wet
weight) collected during this study (table 19) were larger
than 0.060 pg/g wet weight, the mean copper concentra-
tion in several species of fish collected from the CBP in
1985 (Block, 1993).

Copper concentrations in snail samples from the
CBP, which ranged from 22.8 to 87 pg/g dry weight, also
were elevated compared with other studies. Snails (Physa
sp.) collected from the Fox River (Illinois and Wisconsin)
had a mean copper concentration of 22.01 pg/g dry weight
(Anderson, 1977); herbivorous freshwater invertebrates
from an industrial-area stream had a mean copper concen-
tration of 13.7 pg/g dry weight; and freshwater clams
(Corbicula) from an irrigation canal treated with copper
sulfate had a mean concentration of 13 pg/g dry weight
(Moore and Ramamoorthy, 1984). Three species of
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freshwater bivalve molluscs from the Kennebec River in
northern New England contained copper ranging from 7.6
to 34.2 pug/g dry weight (Friant, 1979).

Although some copper could enter the CBP with the
source water, the primary source of elevated copper con-
centrations observed in CBP biota is probably from copper
sulfate used as an algicide in the cenals. Elevated concen-
trations in the biota collected from Billy Clapp Lake are
probably related to copper sulfate applied to Main Canal
upstream of the lake. Of all the sit=s where the biota was
collected, Billy Clapp Lake had the largest copper concen-
trations in perch and coots and the second largest concen-
tration in pondweed; however, thes~ concentrations were
not significantly larger than those f~om other sites. In
snails collected from Billy Clapp Lake, the mean copper
concentration was significantly (p=0.0013) less than in
snails from other sites.

Mercury

Mercury concentrations in CPP biota were consider-
ably less than concentrations repor‘ed in a variety of stud-
ies (Schmitt and Brumbaugh, 1990; Lowe and others,
1985; Fimreite, 1979; and Heinz, 1979) to be elevated or
observed to cause adverse effects (table 20). CBP biota
did show some evidence of biomagnification (accumula-
tion of progressively larger concen‘rations by successive
trophic levels of a food chain) of mercury. Mercury was
not detected in plants, snails, or in eggs of the omnivorous
mallards. However, mercury was detected in at least half
of the fish collected as well as in the fish-eating grebes and
their eggs. Mercury concentrations in grebe juveniles
were almost twice as large as in coot juveniles, which feed
on plants and some invertebrates. 14ercury concentrations
were generally higher in carp than perch. Mercury can be
biomagnified in food chains, and tl e predatory perch
might be expected to contain greater concentrations than
the omnivorous carp. Higher concentrations in carp could
be due to their greater size and age relative to the perch.
Longer-lived individuals would accumulate relatively
more mercury over time, and large- size requires the
ingestion of more biomass, although, in the case of the
carp, the food items would be lower on the food chain.
Compared with other sites samplec in this study, large
mercury concentrations were observed in carp and perch
samples from Lind Coulee Wasteway. The data collected
during this study indicated that me-~ury concentrations in
fish have not changed appreciably since 1985. Although



CONCENTRATION, IN MICROGRAMS PER GRAM

WET WEIGHT

5 I I T T T I ] | | T T
L m Copper in carp
|+ Copper in perch
4 f | n
i n
3[:_ + | [ |
i n
n
- .
n
21 a " = : | "
] ! u ™ |
(| |
! [ | I B m
1 beaeeglyersessnessssnasmaneesens | [SRUTRROTS P _J}_- 3 +...
[ $ + + +
¥ I # 1 3
0 % 1 —1 { 1 i ] - 1 i l {

BCL MLR MLP MLS

Figure 13.--Concentrations of copper in fish samples from the Columbia
Basin Project. Site abbreviation is map identifier (fig. 9); see text page

WW FHW {LCW PRW SMW SR WBWbD

SITE

22 for explanation of map identifers.

59

Nationgl Contaminant
Biomonitoring Program
85th percentile



Y661 ‘Ayrooureurey pUe 3I00LY 661 JURHY (L] ‘UOSISEUY |

SIQALT
- - vLE€ST 6L'C 16'C 8CI-1v6 8 8 S[IULAN{ 3qaID)
SIOATT]
-- - I'61-vL'1 L0l 9L°6 L'6L-109 91 91 S[IuvAn{ J00H
[ SOIPNIS [RIGASS WO
SOSN{[OW J9jemyson Ul aduey M T VYE9L Poz-SL’L 8Ll 991 0'L8-8TC 6 6 s[reug
(¥861 ‘Ayuoourewrey
pue a100)q) ejns 1oddoo grm
pajean spuod woxg syue;d onenbe
Jo soroads ut sueow Jo Q3uey M bE-91 ) A YA 960 90 €01-16'1 81 81 paampuog
- - 80°¢-LEO oo ¢80 g8ci-6v'l 0t 0t Yarag
(0661 ‘Y3nequinig pue RRIYOS)
o[nuaarad Yigg JEON MM Ol L8'E-S60 LUl 061 yvi-60'c 147 147 dre)
uosiredwod J0J pasn saIpNIs Ioyio a8uey  uBIpoly uvo o3uey umIpoly UBON suon  sojdures saroadg
WOy SUORENUAIUOD 10 ELIIL) T WBRRPA | WPRRAG . -099p 30
661 15301 UISE eIqUm[o)) jo BqunN
RqumN

[erep ou ‘-- ‘ureiSoig
Suuoyuoworg jueurmreluo)) feucnEN ‘JGON ‘PIIBNOTeD 10U ‘OU (P31oAIPp 10U ‘pu ‘IUStom AIp ‘ M IYSTom 1om ‘M ‘uresd Jod surer3o1oTun Ut are SUORIUAIUC))]

uosupdwod iof

P3SN $a1pnis 4ay10 woif D101q Ul PIAIISQO SUOUDIIUIIUOI 10 DLIIILD PUD I3[0 uISDG Mquinoy) ay1 woif sajduos pan80101q u SuonnLuaduod 13ddo)--'61 3qqe],



SIOAIT]

- =" 991°0-L600 8110 AN L190-1Le0 0ev'0 LLYO 8 8 JIuLANf aqaln
(6L61 ‘ZUISH) $$9500S 9ANONP
“-o1dax poonpas (pm pajerdosse SISAI']
SISAT] pIEJfeul o[ewsa) Ul [9A9] Macey Le1'0-Pu  0bO0 8900 pes8o-pe ISTO 99770 0l 91 JIusAn{ 3000
- - pu - pu - 0 S 334 prefre
- =" 601°0-9500 9800 7800 Ty 0-tSTO 19¢0  8SE°0 8 8 s834 aqa1p
(6L61 ‘onormyy) sioedu
Jim pajeIoosse satoads piq
Jo L1orrea © Jo s33 U OZURY MM 0'TE'] LO1'0PU  6T00  L£OO 86€0-PU  IZI'0  6VI°0 6 91 s887 100D
- - pu =" pu - - 0 6 spreug
=" - pu =" pu = - 0 81 psampuod
(S861 ‘s19110 pue am07Y)
syoeduat sanonpoxdar yum
PIIRIDOSSE YST) [OYM UT S[PAYTT  MA S90 SLOO-PU  LTOO €00 9Ze'0pu  SO1'0  8TI0 S 0t goiad
(0661 ‘YSnequinug pue NUIYOS)
omuaorad PG JAON MM LI 8TE0-PU  6L00 0600 TTLOPU  8STO  LLTO (43 144 drep
uosLredwod 10§ pasn SIIpMS JoyIo oSuey  uwelpopy 125 1 oSuey uwelpsly  ueoy suon  sojdures soroadg
WO} SUONRRUIZUOD 10 BLISHI)) TSR T — WSBM K] ~0919p Jo
7661 aloIy urseq rqump sy Jo  nquoy
Joqump

[e1ep OU ‘-- ‘wreadoig
Suuojuoworg jueunIIRIUO)) [EUONEN ‘JEON ‘PRIB[NOTED 10U ‘OU ‘P310alop 10U ‘Pu IyStom AIp ‘M IYTom Jom ‘M M ‘wels 1od surerSosoTu Ul 9Xe SUOTIRIIUIOUOD)]

uosupdwod 4of

Pasn $a1pnis 43110 wodf D101q Ul PINLISQO SUOYDLIUIIUOD L0 DLIFILLD pup 192[04 wisvg viquinjoy) ay; wolf sajdups 1021801019 ut suonpLuau0d LNndLIW--'0T dqelL

61



the maximum concentration in 1992 (0.328 ug/g wet
weight) was considerably larger than in 1985 (0.06 pg/g
wet weight, Block, 1993), the means were similar.

Selenium

Selenium was not present in CBP biota in concentra-
tions indicated by other investigators (Schmitt and Brum-
baugh, 1990; Sorenson and Schwarzbach, 1991; Skorupa
and others, 1991; San Joaquin Valley Drainage Program,
1990; and Eisler, 1985) to be levels of concern (table 21).
Also, the data indicated that selenium concentrations in
fish collected in 1992, ranging from 0.18 to 1.0 pg/g wet
weight, have not changed appreciably since 1985 when the
concentrations ranged from 0.19 to 0.87 pg/g wet weight
(Block, 1993). In this study, mean selenium concentra-
tions in all biological samples (except pondweed) col-
lected from Wahluke Branch Wasteway Lake and Saddle
Mountain Wasteway were approximately 1.5 times larger
than concentrations in biota collected from the other sites.

Organic Compounds

Of the synthetic organic compounds, chemical analy-
sis was limited to the organochlorine pesticides and other
selected organochlorine compounds that accumulate in tis-
sues of biota. Concentrations of organochlorine com-
pounds in fish collected in 1992 in the CBP were
compared with criteria for concentrations in whole fish
established by the NAS/NAE (1973) to protect the health
of fish and fish-eating wildlife. Organochlorine-com-
pound concentrations in biological samples other than fish
were compared with results from other studies. Because
organochlorine compounds in fish from the CBP have
been monitored since 1977, concentrations were examined
for changes over time. The analytical results for the orga-
nochlorine pesticides and other organochlorine com-
pounds (pesticide degradation products and PCBs) are
given in units of wet weight and listed in table 33 at the
end of the report. In this section, only those compounds
that were found in CBP biota in elevated concentrations
are discussed.

Organochlorine compounds were detected in most of
the biological samples. Of all the pesticides analyzed for,
DDT, chlordane, and dieldrin were most frequently
detected in the biological samples; endrin, hexachloroben-
zene (HCB), benzene hexachloride (BHC), and methoxy-
chlor were occasionally detected. Concentrations of the
compounds or pesticides mostly were small except that
fish samples collected from some of the sites exceeded
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NAS/NAE criteria. Lind Coulee Wasteway and Scooteney
Reservoir fish contained the largest mean concentrations
of the pesticides commonly observe during the study--
total DDT, total chlordane, and dieldrin. Historically, fish
from these sites have larger concent-ations of organochlo-
rine pesticides than fish from other CBP area sites (Wash-
ington State Department of Social and Health Services,
1977, 1978, 1979; Block, 1993). Tt - fish collected from
Lind Coulee Wasteway and Scooten=y Reservoir also con-
tained a greater variety of organochlorine compounds than
the other sites and included pesticides observed less fre-
quently during the study: endrin, H”B, BHC, and meth-
oxychlor. The elevated concentraticns of pesticides at
these sites could be due to soil erosion caused by gravity
irrigation,

Total DDT is the sum of the p,»” and o,p” isomers of
DDE, DDD, and DDT. Concentratinns of total DDT in 6
of 44 carp exceeded the NAS/NAE criterion of 1.0 pug/g.
Elevated concentrations of as much as 2.49 pg/g total
DDT were found in fish collected from Frenchman Hills
Wasteway, Lind Coulee Wasteway, Scooteney Reservoir,
and Moses Lake-Rocky Ford arm. Except for one perch
sample, the proportion of the o,p” isymers of DDT were
more than 20 percent of the p,p” isomers (fig. 14) in fish
collected from Saddle Mountain Wasteway. Because the
o,p” isomers of DDT are much less persistent in the envi-
ronment than the p,p” isomers, Schmitt and others (1990)
proposed that the proportion of the isomers in biological
samples might indicate release of unmetabolized DDT into
the environment subsequent to the 1972 ban on DDT
usage. On the basis of results of monitoring programs and
the chemical characteristics of DDT. the investigators sug-
gested that a proportion of more than 20 percent o,p”
isomers could indicate post-1972 input of DDT from a
variety of possible sources. However, except possibly
agricultural soils, which can retain vnmetabolized DDT,
no other sources of DDT are known to exist in the Saddle
Mountain Wasteway area.

Total chlordane is the sum of the concentrations of
cis-chlordane, trans-chlordane, heptachlor, cis-nonachlor,
trans-nonachlor and the miscellanecus constituents and
degradation-products (Eisler, 1985¢c). Concentrations of
total chlordane in 10 of the 44 carp samples exceeded or
equaled the NAS/NAE criterion of 0.1 pg/g. In perch,
none of the 30 samples exceeded this criterion (table 22).
The elevated concentrations of as mch as 0.18 pg/g total
chlordane in carp were observed in fish collected from
Frenchman Hills Wasteway, Lind Chulee Wasteway,
Potholes Reservoir in west arm, Sccoteney Reservoir
downstream from EL68D Wasteway, and Saddle
Mountain Wasteway.
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Figure 14 --Proportion of the o,p' isomers of total DDT to the p,p’' isomers
of total DDT in carp and perch samples from the Coumbia Basin Project.
Site abbreviation is map identifier (fig. 9); see text page 22 for explanation
of map identifiers.
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Concentrations of dieldrin in 3 of 44 carp samples
exceeded the NAS/NAE criterion of 0.1 j1g/g wet weight.
Elevated concentrations of as much as 0.14 pg/g wet
weight occurred in carp collected from Lind Coulee
Wasteway and Frenchman Hills Wasteway. No perch
samples contained dieldrin in concentrations that exceeded
the NAS/NAE criteria. Dieldrin concentrations in the
juvenile western grebes and in the grebe eggs both ranged
from 0.01 to 0.03 pg/g wet weight, with a mean of
0.02 pg/g wet weight. Typically, the concentrations of the
organochlorine compounds in juvenile birds are less than
concentrations in the eggs because the contaminants
passed on to the egg from the maternal body burden are
diluted by nestling growth, metabolic breakdown, and
excretion (Charnetski, 1976; Fimreite and Bjerk, 1983).
The reasons are unknown why dieldrin concentrations
were the same in the samples of the grebe juveniles and
grebe eggs collected in this study.

In concentrations of as much as 0.05 pg/g wet
weight, methoxychlor was detected in 14 of 44 carp and in
2 of 30 perch collected in the CBP. Carp collected from
Frenchman Hills Wasteway, Moses Lake, Potholes Reser-
voir, and Saddle Mountain Wasteway contained methoxy-
chlor; both carp and perch collected from Lind Coulee
Wasteway and Scooteney Reservoir contained methoxy-
chlor. The concentrations in the carp were elevated and
found more frequently than in a nationwide monitoring
program (U.S. Environmental Protection Agency,
1992b). One source of the methoxychlor could be mos-
quito-control spraying.

Concentrations of total PCBs were not detected in
the biota collected from the CBP, except in one coot egg
and in seven of eight grebe eggs (see table 33). In concen-
trations ranging from less than 0.05 to 3.4 pg/g wet
weight, the PCBs in the grebe eggs were probably from
PCBs accumulated in the maternal body burden at the
birds’ wintering areas away from the CBP area.

Changes in Organochlorine-Pesticide
Concentrations Over Time

Concentrations of organochlorine pesticides in fish
from this study were compared with concentrations in carp
and perch samples collected and analyzed by the BR in
1977 and 1978 (Washington State Department of Social
and Health Services, 1977, 1978, 1979) and the U.S. Fish
and Wildlife Service in 1982 and in 1985 (Block, 1993).
Only samples collected from Billy Clapp Lake, Lind Cou-
lee Wasteway, Frenchman Hills Wasteway, Winchester
Wasteway, Scooteney Reservoir, and Moses Lake were

compared. Between-year differencer in concentrations
were tested for mean total DDT and dieldrin in carp and
perch using the General Linear Models (GLM) procedure,
with pairwise comparisons made using Duncan’s Multiple
Range test (SAS Institute, Inc., 1988). There are limita-
tions to comparing these different ses of data. First,
although the water bodies of the 1987 collection are the
same as those of the previous collections, the specific loca-
tions where individual fish were collscted are unknown,
and the 1985 data include fish collec‘ed from sites other
than the six sites listed above. Secord, little or no quality
assurance information is available for the data collected
during the late 1970’s and early 1980’s. Third, analytical
methods have changed; specifically, capillary column
chromatography replaced packed-column gas chromatog-

raphy.

Concentrations of total DDT (fig. 15) in fish (carp
and perch) showed little change over the past 15 years.
This lack of change is contrary to the significant decline in
concentrations of DDT compounds cbserved between
1976-79 and 1984 in nationwide monitoring programs
(Schmitt and others, 1990). Total DDT concentrations in
two carp collected during this study in 1992 were among
the largest total DDT concentrations recorded for the CBP.
The 1992 concentrations of total DD in the carp appeared
to be generally elevated throughout the CBP area.

Chlordane was detected infrequently during the ear-
lier studies, so trends over time were examined using the
percent of samples that had detectable concentrations of
chlordane. In 1992, about 70 percen* of samples had
detectable chlordane compared with earlier years with
detections ranging from about 0 to 30 percent. The 1992
concentrations of chlordane in fish were increased over
previous concentrations as well. Prior to 1992, the largest
observed concentration of total chlor1ane was 0.07 pg/g,
whereas in 1992, concentrations in several carp samples
were at least twice the historical valve.

Dioxins and Fursns

Dioxins and furans are found ir elevated concentra-
tions in FDR Lake, the source of water for the CBP. The
primary compounds detected in FDR Lake sediment and
in several species of fish are TCDD and TCDF (Johnson
and others, 1991a, b). Four whole-bndy longnose suckers
collected from Billy Clapp Lake wer= analyzed for TCDD
and TCDF to determine whether dio~ins and furans are
entering the CBP with the source wa‘er. TCDD was not
detected in the suckers; but small corcentrations of TCDF,
ranging from 2.04 to 2.21 pg/g (picorams per gram),
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were detected (table 23). These concentrations of TCDF
are within the range of concentrations (from 0.10 to

13.73 pg/g) for 34 reference sites in a nationwide study of
dioxins in both whole fish and fillets (U.S. Environmental
Protection Agency, 1992b).

The concentrations of dioxin and furan compounds
in biological tissues are also expressed in terms of toxicity
equivalents (TEQ). The TEQ allows for toxicity of the
different dioxin and furan congeners to be expressed in a
single toxicity term. The development of the TEQ
resulted from several studies (Bellin and Barnes, 1987;
Olson and others, 1989; Barnes and others, 1989) that doc-
umented relatively consistent toxicities for the different
congeners of dioxin and furan. The most toxic congener,
TCDD, was assigned a toxicity factor of 1, and other con-
geners were assigned toxicity factors of less than 1, based
on their reduced toxicity relative to TCDD. To calculate
TEQ, the concentration of each congener in a sample was
multiplied by the toxicity factor, and the products were
summed.

For this study, TEQ was calculated as follows.
TCDF was the only congener detected, and TCDF concen-
trations were multiplied by a toxicity factor of 0.1.
Although TCDD was not detected, concentration was
calculated as one-half of the detection limit, and multi-
plied by a toxicity factor of 1. The following equation was
used to calculate TEQ:

TEQ = (TCDF concentration x 0.1) + ((TCDD detection
limit x 0.5) x 1)

The TEQs in whole-body suckers from Billy Clapp Lake
ranged from 0.38 to 0.54 pg/g, and were considerably less
than the preliminary health advisory criterion of 11.4 pg/g
for human consumption of fish fillets established by the
British Columbia Ministry of Environment (1990) for the
Columbia River.

The data for the suckers indicate that TCDF has
entered Billy Clapp Lake; the source of TCDF might be
imported water from FDR Lake or atmospheric deposi-
tion. It is unknown whether concentrations of TCDF in
fish have had or could have harmfv] effects, although
recent research has documented efi=cts on fish at TEQ
concentrations of 1 to 65 pg/g (Joh7son and others,
1991a). The effects range from act'-ation of enzymes that
metabolize organic compounds in the liver so they can be
excreted, to the mortality of fish eges and fry.

Other Biological Assessmerts

Measurements of biological effects, other than those
inferred by comparing concentraticns of contaminants in
the tissues, were also made during this study. Bioassays
provide direct, quantifiable measur>ments of effects from
toxic compounds or conditions in vrater or sediment.

Table 23.--Concentrations of dioxins and furans in whole longnose suckers collected from Billy Clapp Lake (site

BCL), 1992

[Concentrations are in parts per trillion wet weight; nd, not detected; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin;
TCDF, 2,3,7,8-tetrachlorodibenzofuran; TEQ, Toxicity equivalent of TCDD: TEQ=(TCDF x 0.1)+/(TCDD detection

limit x 0.5)x1)]
Fish Fish

Sample number Percent weight length
(figure 9) TCDF TCDD (detection limit) TEQ lipid (grams) (centimeters)
BCLLNCO1 2.04 nd (0.676) 0.54 5.17 1,017 422
BCLLNC02 2.06 nd  (0.343) 0.38 7.56 794 39.3
BCLLNCO03 2.14 nd (0.408) 0.42 8.29 1,200 42.1
BCLLNC04 2.21 nd (0.314) 0.38 6.05 581 36.6

68



More subtle impacts can be assessed by examining organ-
isms for deleterious effects or indicators of effects. Most
of these methods indicate that ambient conditions are
causing impacts, but are not easily quantified and provide
little or no information on specific contaminants or water-
quality conditions. For example, the frequency of external
lesions in fish can provide an index to the health of a pop-
ulation of fish, but the specific cause of the lesions is gen-
erally not known. Some indicators are related to specific
contaminants. For example eggshell thinning in birds, and
resulting reductions in reproductive success, are predomi-
nantly related to DDE exposure.

Bioassazs

Two organisms were exposed to surface water to
assess toxicity: Daphnia magna and the Microtox bacte-
ria. Bioassays using Daphnia showed no toxicity
statistically greater than the control tests for all sites and
all sampling periods. Microtox bioassays also showed no
toxicity for all sites and all sampling periods.

One organism, the larval midge Clironomus tentans,
was exposed to bottom sediment to assess toxicity. Midge
larvae exposed to the bottom sediment from 9 of 21 sites
lost a significant amount of body weight compared with
the controls indicating a degree of toxicity (table 34).
Graphical analysis of the data showed ro relation between
the degree of sediment toxicity and concentrations of con-
stituents except for a weak relation betvreen toxicity and
the concentrations of arsenic and methoxychlor.

Eggshell Thickness

One of the effects of DDE and a f>w other orga-
nochlorine compounds on birds is eggshell thinning. Ina
study of black-crowned night-herons, F ~any and others
(1984) described eggshell thinning in e 3gs containing
1.0 pg/g of DDE. Measurements made in 1992 on the
shells of western grebe, mallard, and ccot eggs were com-
pared with measurements of eggshell tt icknesses made
prior to DDT use (pre-1947) (table 24). Based on the

Table 24.--Eggshell thickness for coot, mallard, and western grebe eggs collected from the Columbia Basin Project in 1992
and thickness of eggs collected before the use of DDT (before about 1940)

[Thickness is in millimeters; --, no data)

Eggshell thickness
Number Pre-DDT Era

Species Site of samples Range Mean Mean
American Coot

Billy Clapp Lake (BCL) 8 0.296-0.364 0.339 --

Moses Lake (MLS) 8 0.350-0.394 0.367 --

Saddle Mountain Wasteway (SMW) 8 0.315-0.362 0.340 --

Winchester Wasteway (WW) 8 0.313-0.370 0.336 --
Western Grebe

Potholes Reservoir, west arm (PRW) 8 0.426-0.528 0.461 %0.385

Potholes Reservoir, east arm (PRE) 8 0.380-0.481 0.426 %0.385
Mallard

Moses Lake (MLS) 10 0.332-0.403 0.359 b0.349

2 Mean for western grebe eggs (Boellstorff and others, 1985).

b Mean for mallard eggs (Blus and Henny, 1985).
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measurements of shells from western grebe and mallard
eggs, eggshell thinning does not appear to be a problem in
the CBP. The eggshells of the CBP grebes showed no evi-
dence of thinning, although DDE concentrations in the
eggs were as much as 4.24 pg/g. Thickness means of
0.461 and 0.426 mm for western grebe eggshells from
Potholes Reservoir were greater than the pre-1947 mean
eggshell thickness of 0.385 mm for 24 western grebe eggs
collected in Northern California and Oregon (Boellstorff
and others, 1985). The eggshells of the CBP mallards also
showed no evidence of thinning. The mean eggshell
thickness of 0.359 mm for the mallards was similar to the
pre-1947 mean of 0.349 mm for 14 mallard eggshells
reported by Blus and Henny (1985). Pre-1947 data on
eggshell thickness for coots were not available for
comparison.

Visible Abnormalities in Bird Embryos and Fish

During the preparation of the eggs collected for
subsequent chemical analysis, all embryos were visually
examined for gross abnormalities. No abnormalities were
observed in the mallard eggs, most of which were well
developed. Also, no abnormalities were observed in coot
or western grebe eggs; however, many of these eggs were
in early stages of development, making it difficult to detect
abnormalities. All the captured fish were examined for
external lesions. In general, lesions were uncommon
(from 0 to 14 percent of the total catch).

SUMMARY

The reconnaissance study of the irrigation area of the
Columbia Basin Project (CBP) was a part of the U.S.
Department of Interior's National Irrigation Water Quality
Program (NIWQP). Because of concerns expressed by the
U.S. Congress, the Department of the Interior initiated the
NIWQP in 1985 to identify the nature and extent of any
irrigation-induced water-quality problems for which the
DOI might have responsibility in the western States. The
CBP was selected for a reconnaissance-level study
because of concerns that concentrations of constituents
associated with irrigation drainage might be adversely
affecting biota in the more than 223,400 acres of wildlife
areas of the CBP.

The Columbia River is the major source of water for
the irrigation of 575,000 to 580,000 acres in the CBP.
Water impounded in Franklin D. Roosevelt (FDR) Lake by
Grand Coulee Dam is pumped into Banks Lake at an aver-
age annual rate of about 3,600 cubic feet per second. For
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crop irrigation, water is moved from Banks Lake into and
through the study area by numerous siphons, tunnels,
canals, wasteways, and natural drainage features, Water is
usually released for irrigation beginring in early March
and ending in late October. In addition to irrigation, the
imported water is used for recreation, wildlife habitat, and
in-stream support of aquatic life. Irrigation has both elim-
inated and improved wildlife habitat. Vast acreages of
shrub-steppe habitat have been eliminated by conversion
to agriculture or degraded by grazing. However, increased
amounts of surface water have improved the habitat value
of some of the remaining shrub-steppe areas, and greatly
increased the acreage of wetlands an< the populations of
those species associated with wetlans.

A total of 24 sampling sites wer= located on 21 major
surface-water features to assess the cuality of surface-
water, irrigation-return flows, and bcttom sediment with
respect to fish and wildlife management areas in the CBP.
Billy Clapp Lake, part of the Main C-nal delivery system
of irrigation water from the Columbia River, served as the
study's reference site. Sampling site~ on two perennial
streams included one site on Rocky Ford Creek and three
sites on Crab Creek--one on Upper Crab Creek before it
enters Moses Lake, one downstream from Potholes Reser-
voir, and one on Crab Creek near Beverly near the conflu-
ence with the Columbia River. In addition to Crab Creek,
sites were located on Sand Hollow C-=ek (RB4C Waste-
way), which also discharges return fl ~w into the Columbia
River. Samples were collected from three sites on Moses
Lake--Rocky Ford arm, Parker Horn arm, and in the south
end near the gaging station at Moses Lake.

Potholes Reservoir collects anc' stores surface water,
ground water, and return flows from the northern part of
the CBP for redistribution into the scuthern part. Samples
were collected in the west arm and east arm of Potholes
Reservoir and from sites on each of the three major waste-
ways that empty into the reservoir--Vinchester, French-
man Hills, and Lind Coulee Wasteways. Downstream
from the reservoir, samples were col'~cted from Soda
Lake, which is part of the Potholes Canal system, and
from Lower Goose Lake, which coll~ts water from the
terminus of West Canal.

Sampling sites on the major wasteways in the south-
ern part of the CBP were PE16.4 Wa<teway and Esquatzel
Coulee Wasteway. Three water featiures in the southern
part of the CBP each had sampling roints located in a
flowing section of the wasteway and downstream in the
quiescent water of a lake that receives the wastewater.
Water samples were collected in the flowing sections and
bottom sediment and biota were collected in the lakes.



Saddle Mountain Wasteway was sampled at points on its
inflow to a lake and also at points within the lake or along
the lakeshore. In the Wahluke Wildlife area, a small lake
was sampled for bottom sediment and biota and is referred
to as site Wahluke Branch Wasteway Lake in this report.
This lake collects return flows from both Wahluke Branch
10A Wasteway, which was sampled for water, and
Wahluke Branch 10 Wasteway. EL68D Wasteway was
sampled for water and bottom sediment at its confluence
with Potholes Canal, which discharges into Scooteney
Reservoir; biota was collected from Scooteney Reservoir
near where Potholes Canal discharges into the lake.

Water samples were collected at 15 primary surface-,
lake-, and wasteway water features during three periods:
November 1991 after-irrigation season; March 1992
before-irrigation season; and July 1992 during-irrigation
season. At six secondary water features, water samples
were collected only during the irrigation season. Bottom-
sediment samples were collected from all 21 water fea-
tures, but only during the irrigation season. Biological-
sample collection began in May 1992 and continued
throughout the irrigation season.

Concentrations of dissolved constituents, including
nutrients and trace elements, were typically small and,
with few exceptions, did not exceed various standards and
criteria protecting humans and freshwater life. The con-
centrations of most of the dissolved constituents varied
spatially and seasonally. They generally increased in a
downstream direction corresponding to water reuse as the
water moves through the irrigation project, and they
tended to be large during non-irrigation season when
ground water, with a large dissolved constituent load,
sustains stream baseflows.

Dissolved-solids concentrations exceeded the irriga-
tion criterion of 500 mg/L only in water samples collected
during non-irrigation season from Wahluke Branch 10A
Wasteway, Crab Creek near Beverly, and EL68D Waste-
way. Nitrate concentrations, like dissolved solids,
increased in a downstream direction and exhibited similar
seasonal variation. During non-irrigation season, nitrate
concentrations at some wasteway sites were larger than
during irrigation season. Seasonal variation in nitrate con-
centrations probably indicates that nitrogen from crop fer-
tilizer has leached from the soils into tile drains and the
shallow ground-water system and entered the stream chan-
nel as base flows. During irrigation season, nitrate con-
centrations were small when the large volume of dilute
Columbia River water dominated streamflows. The
median nitrate concentration of 1.7 mg/L was more than
four times the national baseline value of 0.41 mg/L.
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Median trace-element concentrations were small and
some were less than analytical reporting limits. Because
most of the samples had concentrations that did not exceed
various protection criteria for drinking, aquatic life, or irri-
gation, the trace elements in CBP water generally would
not appear to threaten human or wildlife health. Concen-
trations of cadmium, chromium, lead, nercury, and sele-
nium were less than analytical reporting limits in a
majority of 51 samples. Concentrations of boron, molyb-
denum, uranium, and vanadium were larger in wasteways
with large percentages of reused water than in surface-
water features with less extensively reu~ed water. The
median concentrations were 20 pug/L for boron, 2 pg/L for
molybdenum, 2.4 ug/L for uranium, and 12 pg/L for vana-
dium. Two factors control and minimize trace-element
concentrations in the water of the CBP: (1) The CBP is
largely a flow-through system with only a few terminus
collection ponds or lakes where constitvents can become
concentrated through evaporation; and (2) the large quan-
tity of imported Columbia River water dilutes constituent
concentrations that typically accumulate in irrigation
drainage.

Of the other trace elements determrined in water sam-
ples, about 10 percent of the arsenic concentrations were
less than the reporting limit, and none exceeded USEPA
standards or criteria. Chromium was detected in only
three samples collected during the study and copper con-
centrations were equal to or less than the analytical report-
ing limit of 1 pug/L in 86 percent of the samples. One lead
concentration of 29 pg/L. and one mercury of 3 ug/L were
particularly large, but could be incorrect due to analytical
or sampling errors. Only three samples collected during
this study had selenium concentrations greater than the
analytical reporting limit of 1 ug/L; the maximum concen-
tration of 4 y1g/l. determined in the Mar<h sample from
EL68D Wasteway is within the range o€ concentrations
that can adversely affect fish. Seleniumr concentrations in
the March samples from PE16.4 Wasteway and Esquatzel
Coulee Wasteway were 2 pg/L, also within the range of
concern. Although numerous sources cf zinc exist in the
Columbia River watershed, zinc concertrations in CBP
water samples were considerably less than the USEPA’s
freshwater criterion of 110 ug/L.. They ranged from less
than 3 to 13 pg/L, with a median of 3.7 pg/L.

Most of the different types of pestcides analyzed for
in this study were not detected in 51 water samples. Of
those detected, there were 18 positive detections of insec-
ticides, such as chlorpyrifos, DDT (and its metabolic prod-
uct, DDE), dieldrin, disulfoton, lindane, malathion, methyl
parathion, and methoxychlor; and there were 31 positive
detections of herbicides, such as dicamba, picloram, and



2,4-D. Most of these detections were observed in samples
collected in July during the irrigation season. The single
detection of DDT (0.002 pg/L) and of methoxychlor
(0.07 pg/L) and the maximum observed concentration of
dieldrin (0.014 pg/L.) exceeded USEPA chronic criteria for
the protection of aquatic life. The herbicide 2,4-D was
detected in samples more than any other pesticide; 26
samples, mostly collected during the irrigation season, had
2,4-D in concentrations ranging from 0.01 to 1.0 pg/L. In
general, pesticides were present in more variety and in
more samples of water from EL68D Wasteway than from
any of the other sites, however concentrations were small.

In the bottom-sediment samples, many of the trace
elements of interest were present only in small concentra-
tions. The median concentrations of most trace elements
were within the baseline range of concentrations for soils
in the western United States, Of all the trace elements
analyzed for, only the maximum observed concentrations
of selenium, uranium, and manganese exceeded the upper
value of the baseline range. Both the maximum observed
selenium and uranium concentrations were in the bottom-
sediment sample from Rocky Ford Creek.

A variety of organochlorine pesticides and related
compounds were present in the bottom-sediment samples
and they appear to be widespread throughout the CBP
area. In samples from all sites except two, at least one
insecticide was detected. More of the organochlorine
compounds analyzed for were detected in the bottom-
sediment samples from Lower Goose Lake, Frenchman
Hills Wasteway, Sand Hollow Creek, and EL68D Waste-
way than from the other sites. Numerous detections of
dieldrin (maximum, 3.6 pg/kg), DDT (maximum,

4.0 pg/kg), and DDE (maximum, 7.8 pg/kg) indicated that
these environmentally persistent compounds are still
present in much of the CBP. DDE was detected in 18 of
21 samples; dieldrin and DDT were detected in 8 of 21
samples. Methoxychlor was found in samples from nine
of the sites in concentrations as large as 2.4 ug/kg.

Comparison of the results of trace element concen-
trations in bird tissues collected during the study with
those of dietary exposure studies indicates that arsenic in
coot livers and boron in pondweed were present in concen-
trations that might be harmful to waterfowl. Concentra-
tions of arsenic as large as 9.25 jug/g dry weight in juvenile
coot livers were similar to those in the livers of mallard
ducklings adversely affected by consuming arsenic-
supplemented meal given during laboratory studies. The
amount of boron in pondweed (ranging from 216 to
567 ng/g dry weight) was similar to the quantity of boron
fed to mallard ducklings exhibiting behavioral and
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physiological abnormalities. Boron was present at larger
concentrations in pondweed from sites receiving irrigation
return flow, compared with sites receiving little or no
return flow. Cadmium, chromium, and copper were
present in some of the biota in elevated concentrations. In
a large percentage of fish, concentratios of these elements
exceeded criteria used in this study to indicate contamina-
tion. The largest and second-largest cadmium concentra-
tions were in carp and perch samples, respectively,
collected from Billy Clapp Lake. In addition to fish sam-
ples, some of the snail samples had elevated cadmium and
copper concentrations and pondweed samples had
elevated chromium concentrations. Marcury and selenium
were not elevated in biological tissues although mercury
showed a tendency to biomagnify in tl = food chain.

The reasons for elevated cadmium and chromium
concentrations in some of the biota samples are
unknown. Cadmium was not detected in water or bot-
tom-sediment samples. Although chromium was present
in all the bottom-sediment samples, prabably from a
natural geologic source, the concentrarions were typical
for soils in the western United States; in water, the concen-
trations of chromium were generally less than the report-
ing limit. Chromium also is not a major component of
slag metals discharged into the Colum"ia River nor is it
present in FDR Lake in elevated concentrations. The
elevated copper concentrations in the biota are probably
related to the use of copper sulfate as an algicide in the
canals.

Organochlorine pesticides and re'ated compounds
were detected in most of the biologica' samples, but usu-
ally in small concentrations. In fish samples collected
from some of the wasteways, the concentrations of three
pesticides (total chlordane, total DDT, and dieldrin)
exceeded NAS/NAE (1973) criteria for the protection of
fish health and of fish-eating predators. Fish collected
from Lind Coulee Wasteway and Scocteney Reservoir
contained the largest mean concentrations of these pesti-
cides. Methoxychlor in CBP fish occvrred more fre-
quently and at larger concentrations than in a nationwide
monitoring study.

Concentrations of total DDT in carp and perch
showed little change over the past 15 years. This lack of
change is contrary to the significant decline in concentra-
tions of DDT compounds observed in nationwide monitor-
ing programs. Chlordane, detected on'y infrequently
during past years, was detected in abot 70 percent of the
1992 fish samples. In addition, chlordane concentrations
observed in several fish samples were about twice the his-
torical maximum concentration of 0.07 pug/g. However,



changes in laboratory methods and some differences in
sample collection sites limit the accuracy in comparing
these data sets over time.

Other types of biological assessments used in this
study indicated few or no environmental impacts or
adverse effects to CBP biota. Surface water was not toxic
to Daphnia magna or to the bacteria used in the Microtox
toxicity test. Sediment bioassays showed moderate toxi-
city to Chironomus tentans at 9 of 21 sites. Some of the
samples causing toxicity also had some of the largest con-
centrations of arsenic and methoxychlor in the bottom-
sediment samples. External lesions in fish were observed
only infrequently and mostly in carp and bullhead. No
abnormalities in bird embryos were observed and eggshell
thicknesses of mallard and grebe eggs were similar to
those of the pre-DDT era.

In general, the reconnaissance investigation did not
find adverse effects on biota that could be attributed to
trace-element concentrations in irrigation drainage.
Unlike other NIWQP studies, the hazards to biota in the
CBP are reduced by the large volume of imported dilute
Columbia River water. However, boron, a trace element
commonly elevated in irrigation drainage, was present in
aquatic plants at concentrations that might affect water-
fowl feeding on these plants. Also, arsenic was present in
juvenile coots in concentrations similar to those in mallard
ducklings exhibiting abnormalities after being fed an
arsenic-supplemented diet during laboratory studies.
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